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The minimally invasive approach represents a hot topic of the moment in 
dentistry. Since the technologies, the materials and the techniques are evolv-
ing so fast in the dental world, all the disciplines in dentistry advocated for 
minimal intervention and maximum respect of the healthy natural 
structures.

“The less is more” concept is a philosophy of living, based on the princi-
ples of minimalism and simplicity: very often people confuse “simple” with 
“simplistic”. The objectives of minimally invasive dentistry must not have to 
be misinterpreted by assuming that they are interested only in simplistic pro-
cedures. Instead, this philosophy is interested in promoting optimum, mini-
mally invasive treatment for patients in all areas and specialties of dentistry.

“Minimally invasive dentistry” is a philosophy based on evolution of the 
instruments, materials and techniques, which permits the clinicians to over-
come some myths and dogmas deep-rooted in the field and embrace the para-
digm shift concept. It represents a fundamental change in the basic concepts 
and experimental practices of a scientific discipline. Paradigm shifts, which 
characterize a scientific revolution, arise when the dominant paradigm under 
which normal science operates is rendered incompatible with new phenom-
ena, facilitating the adoption of a new theory or paradigm.

Minimally invasive concepts easily involved the endodontic world, which 
is one of the most prone field of dentistry to evolve and overcome old con-
cepts in favour of most actual ones.

In fact, in the last 20 years, endodontists faced a continuous (r)evolution of 
the field, embracing, very fast, new technologies, materials, instruments, 
device and concepts in the day-by-day practice. Embracing the concept of 
minimally invasive endodontics and implementing it in practice represents 
the perfect example how some paradigms of the field were substituted by new 
ones based on new phenomena.

The scientific world has now the mission to validate these new concepts 
and promote evidence-based protocols for clinicians.

The journey that I have tried to trace in the present book aims to give the 
reader a balanced view on the minimally invasive approaches in endodontic 
practice, describing the most advanced clinical procedures, supported by the 
most updated scientific data.

I would like to underline here a concept that is very important for me: 
everything in dentistry, and specially in endodontics, must be based on and 
guided by the anatomy.

Preface
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It is the anatomy that dictates every single step of our treatments and pro-
cedures embraced to reach a predictable long-lasting clinical result. This is 
the reason why I would like to conclude this preface stating that the term 
minimally must be seen as a synonymous of anatomically, so that I always 
like to call it: Anatomically Invasive Endodontics.

Rome, Italy Gianluca Plotino  

Preface
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1.1  Introduction

Conventional root canal treatment relies on 
2-dimension (2D) radiographic images and clin-
ical assessments to comprehend root morphol-
ogy and root canal anatomy. Despite several 
technological advances, abiding to typical con-
ventions and/or attempting exploration at the 

expense of dentin tissue to reveal anatomical 
variation is still a common practice in root canal 
treatment (Fig. 1.1). The cause of conventional 
root canal treatment failure may be attributed to 
multiple variables. Although conventional prac-
tices in root canal treatment display a clinical 
success of 68–85% [1], among others, missing 
root canal anatomy, leading to residual intraca-
nal infection [1], and compromised mechanical 
integrity, leading to fracture [2], have been con-
sidered as important causes of endodontic treat-
ment failure.

Bacteria residing in missing canals can con-
tribute to signs and symptoms of failure in end-
odontically treated teeth [1]. In a study that 
examined 5616 endodontically treated/retreated 
maxillary first/second molars, failure to locate 
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MB2 canal resulted in a significant decrease in 
the long-term prognosis of endodontic treatment 
[3]. In another prospective study [4], the inci-
dence of missed canals were reported to be 42% 
of all the 1100 endodontically failing teeth. Along 
the same line, it is also suggested that an opti-
mum root canal enlargement coronally and api-
cally is essential for adequate root canal irrigation 
and subsequent antimicrobial efficacy [5]. Thus, 
locating all root canals, adequately enlarging the 
canals, and irrigating the canals with antimicro-
bial irrigant are major objectives in root canal 
treatment (Fig. 1.2).

Compromised structural integrity contributes 
to cracks and fractures in root-filled teeth. 
Residual dentin thickness plays a key role in teeth 
survivability after dentin structure loss through 
iatrogenic and non-iatrogenic reasons [2]. 
Excessive removal of dentin during coronal 
enlargement and post space preparation have been 
reported as contributing factors for vertical root 
canal fractures [6–8]. The preexisting root mor-
phology and root canal anatomy will influence the 

degree of dentin removed and residual dentin 
thickness post root canal instrumentation [9]. 
Correspondingly, oval-shaped canals become 
considerably affected when round preparations 
are created. This results in considerably less 
remaining dentin thickness, eccentrically in cross-
section of the root [6, 10] (Fig. 1.3). The pericer-
vical dentin (PCD) denotes the dentin situated 
4  mm coronal and 4  mm apical to crestal bone 
[11]. It has been demonstrated that the PCD would 
influence the bending resistance and stress/strain 
distribution pattern in the root. Increased bending 
and stress/strain distribution would increase the 
propensity of vertical root fracture in tooth with 
reduced PCD [7]. Balancing (a) the degree of root 
canal enlargement with the requirements of irriga-
tion methods to achieve optimum disinfection and 
(b) the goal of preserving root dentin during 
instrumentation so as to maintain the mechanical 
integrity of the root can be a real conundrum in 
endodontic practice. The current technological 
advances have been  focusing towards optimizing 
these goals in root canal treatment.

Fig. 1.1 Conventional root canal treatment. This proto-
col is based on the clinician interpretation of 2D radio-
graphic images with complete unroofing of the pulp 
chamber space and straight-line access to the roots and 
canals at radicular level, arbitrary determination of the 
taper of the preparation as well as clinical inspection for 

possible anatomical variations detectable with visualiza-
tion. The restorative procedure for this approach includes 
a cuspal protective restoration to increase the long-term 
success. Follow-up on this case is 18 years. Restoration by 
Dr. Edward De Veer, Caracas, Venezuela

C. Bóveda and A. Kishen
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Fig. 1.2 Missing anatomy (untreated canals) is one 
major failure etiology in root canal treatment. Intraoral 
radiographs are occasionally able to point out aspects 
related to this situation (i.e., periradicular pathoses). 
CBCT slices show them consistently and detailedly. This 
information (clear visualization of cause and effect) leads 

to a more precise diagnose and to an appropriate proce-
dure. This particular case was solved with a selective root 
canal retreatment, the solely reintervention to treat the 
missed MB2 in two appointments with the use of intraca-
nal medication. 3 years follow-up

1 The Role of Modern Technologies for Dentin Preservation in Root Canal Treatment
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Fig. 1.3 Even though conventional root canal treatment 
has been reported quite successful (68–85%), cases still 
fail, including those where despite the fact that accepted 
protocols have been applied, the structural response is 
compromised and/or some anatomy may be missed. 

Presented case is failing after 10 years of endodontic and 
restorative procedures due to vertical root fracture of the 
distal root. Classic indication for an osseointegrated den-
tal implant retained crown. Case solved by Dr. Maria del 
Pilar Rios C (Caracas, Venezuela)

1.2  Technologies for Dentin 
Preservation: 
Phase 1—Planning

1.2.1  Cone-Beam Computed 
Tomography (CBCT) Imaging

Conventional dental radiographs offer a 2D 
 transparency of a 3D object. It has been the stan-
dard of practice in dentistry for decades. In end-
odontics, due to the anatomical and morphological 
challenges posed by the intricate root canals in 
the core of the tooth structure, radiological 
approach has been an invaluable tool to obtain 
essential information of the anatomical land-
marks and morphological characteristics of the 
pulp chamber/root canals to achieve the estab-
lished standard of care in root canal therapy. 
However, the interpretation of dental 2D radio-
graphic images can be challenging due to its 
inherent limitations such as superimposition of 
teeth and surrounding dento-alveolar structures, 
as well as the inability to reveal the true 3D con-

figuration of the dento-alveolar structure [12]. 
The 2D radiographic interpretations may also be 
highly subjective and would be influenced by dif-
ferent parameters, such as X-ray beam angula-
tion [13]. The cone-beam computed tomography 
(CBCT) imaging, on the other hand, provides 
high-quality 3D views of the tooth and surround-
ing structures, with interrelation images in three 
orthogonal planes [14] (Fig. 1.4).

Limited Field of View (FOV) CBCT has been 
successfully employed in endodontics for a long 
time now. The current CBCT applications in end-
odontics includes (a) a variety of clinical situa-
tions when intraoral radiographs present 
inconsistent results, (b) display complex anato-
mies, for initial treatment of teeth with potential 
for additional canals, (c) when complex mor-
phology of root/root canal is suspected, (d) for 
the identification/localization of calcified canals, 
(e) when intraoral radiographs are inconclusive 
for the detection of root fractures, (f) in cases of 
nonhealing treatments, (g) in cases of endodontic 
complications, (h) certain traumatic injuries, (i) 

C. Bóveda and A. Kishen
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in the presence of resorptive defects, and (j) for 
the outcome assessment in cases when signs and 
symptoms are present or (k) when FOV CBCT 
was the imaging modality of choice at the time of 
treatment [15]. Question arises if any clinical 
situation is suspected based on the conventional 
2D radiographs. Resorptive defects are not 
always detectable via intraoral radiographs 
(Fig. 1.5). Even when intraoral radiograph shows 
a concern, valuable additional information of the 
concern may be hidden (Fig. 1.6). The potential 
of extra canals is such an issue. In such cases, 
without certainty in the knowledge of root canal 
anatomy, there is always a need to explore for 
what might be a possibility in the tooth, and this 
exploration without preexisting knowledge can 
be at the undesirable expense of dentin tissue.

CBCT scans contain valuable data for less 
invasive root canal treatments (Fig.  1.7). A 
detailed evaluation of the preoperatory volume 
should offer the following information, not clini-
cally presented by other radiographic methods:

• Detection of periradicular lesions
• Determination of the point of entry for root 

canal treatment
• Assessing anatomical details

 – Size and position of the pulp chamber
 – Number of roots and canals
 – Root canal configuration
 – Root curvatures
 – Working length determination (root length)
 – Canal splitting
 – Horizontal root bulk and canal dimension 

at pericervical region

1.2.1.1  Detection of Periradicular 
Lesions

Bender and Seltzer [16, 17] investigated the limi-
tations of intraoral radiography for the detection 
of periapical lesions. Their study revealed that in 
order for a lesion to be visible radiographically, 
the cortical plate of the supporting jaw bone must 
be engaged. Thus, it turns out that intraoral 
X-rays are capable of showing some periapical 
lesions, but in many instances they do not reveal 
it when present, while CBCT shows periapical 
lesions consistently [18]. With the use of CBCT, 
any radiolucent changes at the root apex, related 
to periapical disease, can be detected earlier than 
with conventional intraoral periapical radio-
graphs [19]. CBCT slices identified 62% more 
periapical radiolucent areas on individual roots 
of posterior mandibular and maxillary teeth, 

Fig. 1.4 The 2D transparency of a 3D object reveals only 
what may be observed from such position. In clinical end-
odontics this means that relevant information for the 
understanding of the situation might be hidden due to the 
limitations of a superimposed image. Actual case shows 

an unusual deviation on the axis from the crown to the 
root on a maxillary central incisor, not detectable from a 
conventional buccal X-ray. A lateral view is needed to 
fully appreciate this condition, as this one provided by a 
sagittal CBCT slice

1 The Role of Modern Technologies for Dentin Preservation in Root Canal Treatment
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compared with intraoral periapical radiographs 
[12]. Please note that when treated early, the out-
come of root canal treatment is more successful 
[20]. This information is crucial when the pres-
ence of a radiolucency is considered determinant 
in the decision of the number of treatment 
appointments [21] (Fig. 1.8).

1.2.1.2  Determination of the Point 
of Entry for Root Canal 
Treatment

The point of entry is defined as the most conve-
nient location to initiate the preparation of access 
cavity for endodontic treatment. The most coro-

nal projection of pulp chamber should be consid-
ered as an important location for this purpose. 
Conventionally, the point of entry for root canal 
treatments is determined generically, without 
individual considerations. Not considering indi-
vidual information could affect the selection of 
point of entry in cases. Trying to obtain this infor-
mation from intraoral radiographs may lead to 
incorrect decisions, since conventional radio-
graphs show projection distortions that could cre-
ate inaccurate suggestions (Fig.  1.9). This 
landmark may be accurately determined with the 
use of appropriate CBCT slices. CBCT has 
proved valuable as a tool for exploring root canal 

Fig. 1.5 Intraoral radiographs are not always capable to 
show or suggest the presence of dental resorption clearly, 
nor show the real condition of supportive structures 
around an endodontically compromised tooth. This affects 
the perspective whether a CBCT study is indicated or not 
when following restrictive indications for the use of such 
resource. Having the appropriate information ends up 
affecting the diagnostic impression and the decision- 
making process regarding the procedures suggested for 

any condition. Case presented shows an internal resorp-
tive defect not clearly seen in the initial intraoral X-ray. 
The panorama revealed on the CBCT slices guides the 
diagnose and the therapy selected. Having proceeded 
without this knowledge increases failure possibilities. 
Follow-up on completed endodontic therapy is 16 months. 
It shows advanced repair, but not complete yet. The tooth 
remains asymptomatic, later follow-up is guaranteed

C. Bóveda and A. Kishen
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anatomy, as effective as histological sectioning of 
teeth [22] (Fig. 1.10).

1.2.1.3  Assessing Anatomical Details

Size and Position of the Pulp Chamber
Determination of the pulp chamber parameters is 
necessary for proper root canal access cavity, no 
matter which design is intended. Generally, clini-
cians rely on a tactile feel (the drop of a bur in the 
pulp chamber), but many teeth do not have 
enough chamber space for such sensation [23]. 
For these cases a different strategy is needed. 
Trying to measure the anatomic landmarks on an 
intraoral radiograph provides imprecise measure-
ments. Data acquired from CBCT slices are con-
fident to the level of resolution of the acquisition 
(up to 0.076  μm at this time) (Fig.  1.11). 
Preservation of the pulp chamber floor is crucial 

considering that the dentin in this region is a part 
of the pericervical dentin.

Number of Roots and Root Canals
Preoperative assessment of the root canal anat-
omy is a key step in root canal treatment [24]. 
The 2D nature and the anatomical noise associ-
ated with intraoral radiographs result in limited 
information regarding the number and nature of 
root canals [25]. The etiology of endodontic 
failure is multifaceted, but a significant percent 
of failures is related to missed root canal system 
anatomy. Thus, in endodontic posttreatment 
failures, detecting missing roots and canals is 
the foremost issue. Investigations on the inci-
dence of missed root canals in a population 
present missed canals in 23.04% of the end-
odontically treated teeth. Teeth with a missed 
canal were 4.38 times more likely to be associ-

Fig. 1.6 CBCT analysis results quite useful to precisely 
evaluate cases where conventional X-rays failed to show 
relevant diagnostic information. These two horizontal 
fracture cases look quite similar on periapical X-rays: 
both shows evidence of the fracture and limited bone 
compromise. Maybe the experienced clinician could sus-
pect these cases are completely different, but confirmation 
without further intervention is not guaranteed. As com-
parison CBCT sagittal slice show simply to anyone 
observing this a whole different situation for each case, 

regarding size, position and orientation of the dental frac-
ture, and most important, the extension of the bone com-
promise, leading to two different and opposites 
approaches: extraction with later implant substitution on 
the first case, and simple observation with no intervention 
at all on the second one. Follow-up on each case is 6 years. 
Implant and regenerative procedures on left case is by Dr. 
Ernesto Muller & Dr. Luis Alberto García, Restoration by 
Dr. Tomás Seif (Caracas, Venezuela)

1 The Role of Modern Technologies for Dentin Preservation in Root Canal Treatment
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ated with a periapical lesion [26]. Intraoral 
radiographs have shown poor outcomes in iden-
tifying root canal configuration, whereas CBCT 
imaging showed no difference when compared 
with the gold standard, which is micro-com-
puted tomographic imaging [27].

Currently, CBCT imaging is considered to pro-
vide an excellent, nondestructive, noninvasive 
imaging option with the potential to detect most 
anatomic variations, while creating an accurate 
representation of the external and internal dental 
anatomy. The quality of CBCT image resolution 
is sufficiently high to visualize root canal mor-
phology for clinical endodontic treatment at low 
radiation and dosimetry [28]. It is as accurate as 
root canal staining and clearing techniques for 
identifying canal anatomy [29]. Studies have 

showed that CBCT imaging is more accurate than 
periapical radiographs in determining the number 
of root canals in mandibular molar teeth [30, 31]. 
This knowledge is necessary not to leave canals 
without approach as to preserve dental structure 
by not searching for possible anatomical configu-
rations. A clear example of uncertainty is pre-
sented in the treatment of maxillary first molar. 
Reported incidence of two canals in the mesio-
buccal root ranged from 18.6% to 96% [32], while 
weighted average of the incidence of two canals is 
56.8% and for one canal 43.1% (Fig. 1.12).

Root Canal Configuration
The complexity of the root canal system and its 
internal morphology is directly related with root 
canal treatment planning strategy, therapy 

Fig. 1.7 CBCT use in primary root canal treatment pro-
vides significant information that leads to a novel proce-
dure approach guiding diagnoses, access cavity design, 
anatomy recognition and analysis to decide conformation 
maneuvers, with later evaluation of performed procedures 
and reached goals. This type of procedure relies on 

detailed virtual analysis of the anatomical characteristics 
of the tooth candidate to endodontic therapy in order to 
know in advance relevant information that suppress clini-
cal searching with structural loss, allowing concentrating 
on what is actually present

C. Bóveda and A. Kishen
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Fig. 1.8 Information provided by CBCT slices guides 
root canal planning in terms of access cavity design (from 
oval cingular to round incisal in this particular case) and 
by showing the indication for the use of medications in 
cases where the presence of periapical radiolucencies is 
not detectable on conventional X-rays. Other technologi-
cal tools are used when structural preservation is a goal, 
like ultrasonic tips as example. High-speed burs are used 

without detailed visual control, where ultrasonic tips can 
be inserted, activated, and controlled through visual mag-
nification aids, like loupes and microscopes, leading to a 
more selective dentin removal. Successful mandibular 
incisor case with apical periodontitis not detectable on 
intraoral X-ray, showing complete bone repair on a 3-year 
CBCT follow-up

Fig. 1.9 Determination of the appropriate point of entry. 
In this particular case, conventional X-ray suggests that 
the traditional endodontic cingular cavity approach should 
be made under the orthodontic retainer due to the pro-
jected position of the wire related to the incisal pulp horns. 
However, CBCT results show a reality quite different: a 

cingular approach would not offer the correct approxima-
tion to the root canal axis, nor covering to the pulp horns. 
CBCT sagittal slice shows that a more incisal access over 
the orthodontic wire facilitates the biological, technical, 
and structural objectives

1 The Role of Modern Technologies for Dentin Preservation in Root Canal Treatment
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 execution, and outcome [34]. Comprehensive 
understanding of the root canal morphology in 3D 
is one of the key requirements for the treatment of 
infected root canal space. Deficiency in recogniz-
ing canal space morphology that leads to incom-
plete cleaning, shaping, and obturation maneuvers 
are all attributed as reasons for root canal treat-
ment failures. Root canal morphology can include 
round, oval, ribbon, c-shaped canals, etc. Strategies 
conventionally used to identify it includes intra-
oral periapical radiographs and direct observation 
[35, 36]. Due to the 2D nature of the intraoral 
radiographs, it may show some clues to under-
stand the root canal configuration. Canals not cen-
tered on the radiograph, distorted outline of the 
canal and/or the periodontal ligament and wider 
than usual canals may suggest the type of shape 
present. The use of radiopaque solutions inside the 
canals has also been proposed for such purposes 

[37]. However, intraoral periapical radiographs 
have limitations, such as two dimensionality, ana-
tomical noise, and geometric distortion that limit 
such purpose [38]. CBCT should overcome these 
limitations, eliminating superimposition of ana-
tomical structures and by providing the appropri-
ate slice to analyze root canal configuration at any 
given level. When compared, periapical radio-
graphs presented low performance in the detection 
of root canal configurations, whereas CBCT imag-
ing showed no difference compared with the gold 
standard of micro-computed tomographic (μCT) 
imaging [27] (Figs. 1.13 and 1.14).

Root Canal Curvatures
Understanding root curvatures is cumbersome 
while significant in order to safely maintain root 
canal anatomy during endodontic procedures. 
Root canal curvatures may affect access cavity 

Fig. 1.10 In pretty calcified cases, CBCT helps by 
revealing the presence and position of the actual canal, 
providing hints in the design of the approach, like the 
access point. Instead of a conventional cingular triangular 

cavity, a more incisal and round approach centered in the 
root results far appropriate to catch the axis of the canal of 
this maxillary central incisor

C. Bóveda and A. Kishen
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design, instrument selection, instrumentation, 
and obturation techniques. Greater degree of root 
canal curvature predisposes to iatrogenic compli-
cations such as incomplete removal of pulp 
debris, instrument separation, post perforation, 
and canal transportation [39–41]. Traditional 
intraoral radiographs may not reflect all anatomi-
cal, morphological, and biological features. 
Ability of 2D images to appropriately reflect root 

canal curvatures depends on perpendicularity of 
the X-ray beam to the desired curvature. 
Considering that the root canal curvatures may be 
multiplanar, probabilities are that with 2D radio-
graphic techniques curvature results are poorly 
represented. Since CBCT imaging has shown 
high correlation with histological determination 
of canal morphology [22], it has been success-
fully used for 3D analysis of the root canal curva-

Fig. 1.11 Case presented shows vertical collapse of the 
pulp chamber space. Measurement of the distance from 
the central occlusal fossa to the pulp chamber floor differs 
from periapical X-ray (6.8 mm) to coronal X-ray (7.3 mm) 
to sagittal CBCT slice (5.7 mm). Intraoral X-rays show 

projection distortions. Being guided by intraoral X-ray 
measurements would end in a pericervical dentin reduc-
tion. Data acquired from CBCT slices are confident to the 
level of resolution of the acquisition, voxel size 0.076 mm 
for this study
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ture and the direction of roots [42] (Figs.  1.15 
and 1.16). A specific software-based method to 
determine root curvature radius using CBCT 
images has also been described [43]. This method 
calculated the root curvature radius in both apical 
and coronal directions based on three mathemati-
cal points determined by the software. Similar 
software-based methods that extract more infor-
mation from CBCT images can be valuable for 
endodontic treatment planning and for the prepa-
ration of curved root canals.

Working Length Determination
Precise determination of the working length is a 
principal step in performing accurate root canal 
treatment. Overestimation of the endodontic 
working length may cause over-instrumentation 
of the root canals, whereas underestimation of 
the working length may result in insufficient root 
canal preparation. Clinicians commonly rely on 
periapical radiographs and electronic apex loca-
tors to determine the working length distance. 

Depending on intraoral radiographs for the work-
ing length measurement is insufficient, as this 
technique is sensitive and subjective, and the 2D 
representation of a 3D area increases the chances 
of miscalculation of the root canal length [44–
46]. On the other hand, measurements reflected 
in electronic apex locators may provide 
 inconsistencies in certain situations, such as par-
tially or totally obliterated root canals [47]. 
Apical anatomical complexities may also affect 
the performance of electronic apex locators. It 
was also reported that the lateral positioning of 
the apical foramen or the presence of multiple 
apical foramen may negatively affect the mea-
surement accuracy of electronic apex locators 
[48–50]. The combined use of these two resources 
allows for greater accuracy in working length 
determination than the use of intraoral periapical 
radiographs alone [51, 52].

Studies have compared the use of CBCT 
imaging with electronic apex locators for work-
ing length measurement in  vivo [12, 53]. The 

Fig. 1.12 Focalized high-resolution CBCT provides 
detailed information on the number of canals present in 
each particular endodontic case. This comparison of two 
maxillary first molars, where booth teeth, as part of 
Venezuelan population, has the same 47.1% probability of 
having an MB2 [33] reveals that a conventional X-ray is 
not determinant in revealing the actual number of canals 

present in each situation. The appropriate axial CBCT 
slice however shows quite easily the number and position 
of the canals. Certainty of information is useful not only 
for providing where and what to look. As important, by 
eliminating the need of search valuable pericervical struc-
ture is preserved
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Fig. 1.13 Horizontal sizes and shape of the root canals 
are also relevant concepts in terms of adequately address-
ing the anatomical needs of the root canal procedure. The 
presence of isthmuses is important to consider and to treat 

when present. Appropriate CBCT slices are helpful to this 
objective. Note the isthmus present on the mesial root of 
this maxillary first molar. Follow-up 3 years. Restorative 
dentistry by Dr. Tomás Seif (Caracas, Venezuela)
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findings from these studies support the use of 
CBCT images for endodontic working length 
determination. Another study concluded that 
when CBCT images were used for root canal 
length measurements of posterior maxillary 
teeth, they were significantly more accurate than 
periapical radiographs [54]. It is not suggested 
that intraoral radiographs should be replaced by 
CBCT scans for working length determinations 
exclusively, but if available, CBCT images can be 
helpful in establishing the working length 
(Figs. 1.17 and 1.18).

Root Canal Splitting
Anatomical variations, such as root canal split-
ting, can occur at a level where direct observation 
may not be possible. Interpretation of root canal 
splitting from intraoral periapical radiographs 
can be challenging. Therefore combination of 
radiographs obtained from different angles is rec-
ommended [55]. Two periapical radiographs with 
a 20° difference in angle combined with zooming 
have been suggested to assist in determining mul-

ticanal morphology of mandibular first premolars 
[56]. The disappearance of the root canal space 
and not having a continuous tapering canal have 
been traditionally pointed as characteristics to be 
observed to suspect and identify possible split-
ting of the root canal. However, reported success 
with such technique is limited [57]. In mandibu-
lar premolars, because their main variation is two 
canals in a bucco-lingual direction, a mesio-distal 
radiograph gives much more information for 
such purpose. However, a mesio-distal view is 
clinically impossible. CBCT provides visualiza-
tion of fine dental anatomic details without over-
lapping of the tooth itself or adjacent structures 
[58] (Figs. 1.19 and 1.20).

Horizontal Root Bulk and Canal Dimension 
at Pericervical Region
Understanding the dimension of the anatomy 
and morphology of the tissues to be treated is 
paramount [59, 60]. Tooth anatomy and mor-
phology have been investigated thoroughly. 
Many in  vitro studies have recorded the anat-

Fig. 1.14 Case of a maxillary first molar where the bone 
status around the palatal root could not be precisely evalu-
ated on a periapical X-ray. Note that this root presents a 
c-shape configuration, easily detectable on the proper pre-
operative axial CBCT slice. Case solved with a less inva-

sive procedure. One pointed concern about this approach 
is the possibility of tissue remains in the soffit around the 
contracted access cavity. In this case a special plate design 
ultrasonic tip was used for this purpose in order to assure 
proper cleaning of such space. Follow-up 6 months
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Fig. 1.15 Curvatures are most of the time poorly repre-
sented on conventional X-rays, considering that they occur 
in multiple planes and positions, hardly interpretable on a 
two plane view. CBCT slices can be analyzed from any 
perspective, allowing the clinician to fully understand the 
real orientation of roots and canals, making possible to 

take the appropriate decisions to confront each situation. 
This two rooted maxillary bicuspid is a clear example of 
radicular curvatures not understandable in a periapical 
X-ray. Even multiple X-rays would not be sufficient to 
adequately evaluate it. Also, straight clinical view from 
any kind of access cavity would not be helpful at all
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Fig. 1.16 Comparison of pre-op, post-op, and follow-up 
conventional X-rays and CBCT slices from the previous 
case. Note that the information obtained from the preop-
erative CBCT study results in the design and execution of 

a conservative procedure that correctly address the ana-
tomical requirement of this multi-curved tooth. 4  years 
follow-up

Fig. 1.17 Root length is also a characteristic hardly 
established with a periapical X-rays. Even with parallel-
ing techniques, image distortion due to the nature of the 
projected image (elongation or shortening) makes inexact 
to translate conventional X-rays measurements to clinical 
procedures. Nowadays, clinicians have electronic apex 
locators that could work correctly in a vast number of 
clinical cases. However, there still are situations where 

such measurements are inaccurate or not relatable to what 
a conventional X-ray or the clinical approach suggests. 
This is the case with a third maxillary molar, where the 
palatal root is 6 mm shorter than their buccal ones. The 
conventional periapical image is unable to point this. Even 
a proper apex locator measurement would at least cause 
uncertainty to most clinicians
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Fig. 1.17 (continued)

Fig. 1.18 Comparison of pre-op and post-op X-rays, 
with the post-op CBCT of the case shown in Fig. 1.17. 
Note that it is difficult to understand and accept the final 
X-ray as an appropriate procedure without further infor-

mation of this particular situation, where the palatal root is 
considerably shorter than the buccals. CBCT slices 
explain correctly what this image is about
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Fig. 1.19 Deep splitting of root canals is also a situation 
neither easily viewable on conventional X-rays nor find-
able through most clinical approaches. Despite the fact 
that studies show its occurrence, when present, major 
chances is not to found nor solve it. Preoperative CBCT 
studies should minimize not recognizing this situation. 

This mandibular molar case is clear example of it, where 
a split occurs deep in the distal root. By having this infor-
mation preoperatively, appropriate measures could be 
regularly taken to address it without major structural 
compromise

omy, scales, and average sizes of root canals 
and roots at different levels. However, a valid 
method to determine the sizes or width of root 
canals and roots during clinical root canal treat-
ment has not been established. Current litera-
ture failed to suggest an optimum canal 
preparation size, and it still remains a subject of 
uncertainty [61]. In the absence of the original 
canal width and optimal horizontal dimensions 
for the prepared canals, clinicians continue to 
make treatment decision without sound scien-
tific basis [62].

Multiplanar radiographic imaging such as 
micro-CT (μ-CT) imaging has provided a com-
prehensive understanding of the root canal anat-
omy and the width of the root canals along its 

length, up to the apex [63–66]. However, due to 
the high dose of radiation, μ-CT is actually 
available only as an in vitro tool. CBCT appears 
to be the most promising preoperative investiga-
tion that delineates the canal width along the 
length of the tooth [67]. Pericervical dentin is 
the dentin located 4 mm above and 4 mm below 
the crestal bone [11], significant for the distribu-
tion of functional stresses in teeth. Preserving 
the pericervical dentin would aid in the biome-
chanical response of the tooth to chewing forces 
[68]. It has been suggested that no more than 
10% of the pericervical dentin should be 
removed when working in this region of teeth 
[69] (Fig.  1.21). Root canal preparation at the 
pericervical level without precise guidelines 
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Fig. 1.20 Mandibular third molar with a variety of clini-
cal anatomical variations not identifiable on a periapical 
X-ray. Lingual inclination, three canals, and a double cur-
vature on the distal root make this one difficult to solve by 

conventional approach. With the proper preclinical infor-
mation, a successful conservative approach could be 
executed

Fig. 1.21 With 3D CBCT imaging horizontal sizes 
become precisely measurable at any given level, provid-
ing valuable information that a 2D conventional X-ray 
image cannot offer. This becomes particularly valuable 

when directed size preparation is considered in the hori-
zontal plane, mainly in the pericervical area. 2  years 
follow-up
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Fig. 1.22 Cases with thin roots, particularly in the peri-
cervical area, undetected lesions, and apical curvatures 
could result in inadequate treatment by a conventional 
approach, mainly from a structural point of view. Such 

variables are precisely taken into consideration when a 
high-resolution focalized CBCT is analyzed previous to a 
primary endodontic procedure. 4 year follow-up

may render its preservation difficult. CBCT 
images can provide the actual sizes of the tooth 
at any given level. With this information, the 
pretreatment size and proposed controlled root 
canal preparation at the pericervical region may 
be performed (Fig. 1.22).

1.3  Technologies for Dentin 
Preservation: 
Phase 2—Treatment

1.3.1  Image-Guided Endodontic 
Access

Image-guided access employs image modalities 
such as 2D projection radiography as well as 3D 
CBCT images to precisely plan the access cavity 
and the root canal preparation. Instead of practic-
ing a standard access design, a tooth specific and 
unique access design is proposed. The goal of the 
customize image-guided endodontic access 

design is to strategically remove and preserve 
dentin, and not to prepare the smallest access 
cavity possible.

There are two types of image-guided end-
odontic access preparations: (a) static and (b) 
dynamic. Static-guided access utilizes a stent or 
guide, which is fabricated using computer-aided 
design/computer-assisted manufacture (CAD/
CAM) technology and/or 3D printing  technology, 
based on the preoperative CBCT scans and a tra-
ditional or an optical impression giving an STL 
file that can be matched with the DICOM files 
originated by the CBCT. This system seems to 
be easy to use and very effective in predictable 
treatment of deeply calcified canals, guiding the 
operator who has to trust the precision of the sys-
tem (Fig. 1.23) [70]. Other applications of such 
static guides have been described in identifying 
root canal orifices in teeth with crowns or bridge, 
guided removal of fiber post, and guided cre-
ation of the stage platform coronally to a frac-
tured instrument fragment before attempting its 

C. Bóveda and A. Kishen



21

removal. Advantages of this technique against 
classic throughing with ultrasonic tips are shorter 
operative time needed, less stress for the opera-
tor and the patient, it can be performed in absence 
of an operative microscope, and the abscence of 
heat that a prolonged use of a ultrasonic vibra-
tion may cause. Some of the drawbacks of the 
static guides include: (1) the shape/dimensions 
of the guide cannot be changed easily after fabri-
cation, (2) cost of production, (3) time required 
to plan and fabricate the guide, and (4) difficulty 
to use them in patients with limited mouth open-
ing, or in the second molar regions where access 
is poor [71].

Dynamic guidance utilizes the computer- aided 
surgical navigation technology, which corresponds 
to the global positioning systems (GPS). Dynamic-
guided access preparation uses CBCT image vol-
ume to plan an access cavity. The overhead 
tracking cameras in the system are used to relate 
the position of the jaw and the bur in a 3D space. 
During the therapeutic procedure, the clinician 
views the software interface and obtains immedi-
ate feedback on the bur position, which is related 
to the position of the planned access cavity in the 
tooth. Dynamic-guided access provides advan-
tages such as: (1) the system integrates inter-
occlusal distance in access plan, (2) it is compatible 

Fig. 1.23 Case of a severely calcified mandibular premo-
lar. The canal was located using a static guide created via 
3D project using a particular software starting from a 
CBCT volume. A specific bur was used oriented by the 

metal sleeve in the guide to the mid-apical portion of the 
root where the canal was located, negotiated, instru-
mented, and filled. The tooth was later reconstructed. 
Case courtesy of Dr. Gianluca Plotino (Rome, Italy)
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with the high-speed handpiece burs, (3) it does not 
require wait time for the fabrication of static 
guides, and (4) allows treatment procedures to be 
changed if required [71, 72] (Fig. 1.24). Main dis-
advantages of this system are the high cost, the fact 
that the clinician should change its way to work by 
looking on a screen and being able to precisely fol-
low the correct direction by free-hand; in fact this 
technique indicates the operator if he/she is mak-
ing a directional error but does not guide opera-
tor’s hand to the point to be reached. Furthermore, 
these systems are originally designed for guided 
implant placement giving a precision that is good 
enough for this purpose, but that should still be 
confirmed to be precise enough in smaller spaces 
as the endodontic anatomy.

1.3.2  Magnification Aids in Root 
Canal Treatment

Root canal procedures are performed in narrow 
spaces, where visual acuity is very demanding. 
Traditionally, locating all root canals during a treat-
ment represent a principal step in endodontic ther-
apy. Failing to locate all the root canals can 
compromise the outcome of the root canal therapy 
[73]. Therefore, visual aids represent a major help 
towards successful procedures, mainly if a conser-
vative approach is intended. Clinicians with normal 
20/20 visual resolution, those able to separate con-
tours 1.75 mm apart at 20 ft. [74], find it challeng-
ing to identify relevant points inside a tooth since 
they are closer than what is normally discernible, 

Fig. 1.24 Clinical case where the two calcified canals of 
a maxillary premolar with a distal caries penetrating the 
pulp chamber were located using a dynamic navigation 
system. The preoperative CBCT data is matched with the 

calibration system that guides the operator. The procedure 
is performed looking at the computer screen to monitor 
three-dimensionally the actual position of the bur. Case 
courtesy of Dr. Gianluca Plotino (Rome, Italy)
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and/or the examining conditions with limited intra-
canal illumination can be perplexing. The unaided 
eyes can only discern visually up to the level of 
canal orifice [75]. Introduction of varieties of mag-
nification in endodontics, in the form of loupes and 
microscopes, in conjunction with increased illumi-
nation, has resulted in the improved clinical perfor-
mances with enhanced technical accuracy [76].

All root canals are not visible at the base of the 
pulp chamber even after establishing a traditional 
access cavity. It was reported that additional root 
canals could be detected with the application of an 
operating microscope [77]. It has already been 
established that magnification can facilitate identi-
fication of difficult endodontic anatomy [78, 79]. 
The use of microscopes also has a positive impact 
towards improving access cavity preparations [80]. 
The application of microscope aided in avoiding 
unnecessary destruction of mineralized hard tis-
sues. The use of magnification leads to a MB2 

detection rate approximately three times more than 
that achieved without magnification [81]. The use 
of microscopes allows detection and negotiation of 
more accessory canals, both in mandibular [82] 
and in maxillary molars [83] (Fig. 1.25).

1.3.3  Ultrasonic Tips

Working under magnification requires direct 
visual control, not possible with the use of burs, 
despite the many variations available, just 
because is not possible to see when acting 
(Fig.  1.8). Refinement of access cavities, and, 
more important, searching for smaller canals 
require very selective actions quietly possible 
with appropriate energy activated inserts inside 
the root canal. Use of mechanical energy to pro-
duce microvibratory movements generated from 
electrical energy in ultrasonic tips, instead of tra-

Fig. 1.25 Limited visibility and maneuverability through 
a contracted endodontic access cavity should not limit 
treatment goals when they are certainly determined via 
CBCT and taken into consideration prior to the procedure. 

Magnification under a clinical microscope with 10× capa-
bility and proper light source provides enough visibility 
for most clinical situations
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ditional burs, has improved clinical efficiency in 
endodontic therapy for a variety of purposes. The 
search for less invasive dentistry and evolving 
concepts to a smaller cavity preparation has 
included the use of sound energy with a fre-
quency above the range of human earing (20 kHz) 
to make root canal insert to work in a linear back- 
and- forth motion within root canal lumen [84]. 
Ultrasonic tips have showed increased enhanced 
safety and control compared to burs as they do 
not rotate, making it easy to control while having 
a high cutting efficiency [84]. Use of ultrasonic 
tips in minimally invasive endodontics includes 
access refinement, search for smaller canals, 
removal of pulp stones and irrigant activation via 
acoustic streaming and cavitation [85].

Many advantages are found in the use of ultra-
sonic tips over burs. There is no obstruction of 
vision, since there is no headpiece head to block 
the view, better control, since its use under vibra-
tion represents a smaller risk of deviation com-
pared to the rapid cutting effect of a bur, smaller 
area of action as many ultrasonic tips are smaller 
than the smallest bur [85], and ample area of 
action, because the neck of an ultrasonic tip is lon-
ger than most burs. When selecting ultrasonic tips, 
it is important to know that diamond-coated tips 
show significant better cutting efficiency, but are 
easier to break than either stainless steel or zirco-
nium nitride [86]. The thinner the diamond coat, 
the more effective becomes the tip [87]. Cutting 
efficiency of ultrasonic tips is also dependent on 
the type of ultrasonic unit used [87] and the power 
setting [88]. Therefore, it is important to under-
stand this synergy in order to produce only the 
desired effect. Furthermore, the use of ultrasonic 
tips is important to better clean the access cavity 
when a conservative approach is used and pulp 
horns and undercuts are left untouched.

However, it is significant to realize that ultra-
sonically activated inserts within the root canal 
can result in uncontrolled contact with root canal 
wall and subsequent dentin removal in the apical 
third, particularly in combination with root canal 
irrigant. This contact with root canal wall and 
dentin removal can occur even if the insert is 
applied within the manufacturer-recommended 
power settings and activation time [89].

1.3.4  Heat-Treated Ni-Ti Files

Root canal preparation techniques with modern 
nickel-titanium rotary and reciprocating instru-
ments have shown the potential to avoid some of 
the major drawbacks of traditional instruments 
[90] that relied on conventional endodontic 
access cavity design and instrumentation tech-
niques, particularly the strict requirement of 
straight-line access to enhance unimpeded entry 
of instruments into the canal curvatures. In a 
stainless steel world of instruments this was 
 necessary to maximize the ability to reach and 
plane more canal walls, and to minimize proce-
dural errors [91]. In order to obtain this objec-
tive, gates glidden and orifice openers drills were 
used as cervical actors, even to facilitate the 
appropriate selection of the first apical binding 
file. This raises the concern between the desired 
effect of orifice enlargement versus the unde-
sired effect, orifice relocation created as a conse-
quence of using such instruments. Orifice 
enlargement suggests uniform expansion in its 
original position, circumferentially on the entire 
canal wall. Use of gates glidden drills and ori-
fices openers may result in non-uniform prepara-
tion circumferentially causing indiscriminate 
dentin removal and can result in thinning of the 
furcal side radicular dentin [92]. Any non-uni-
form removal of dentin around the centroid of 
the root canal lumen would reduce even more the 
resistance to root flexing. When exposed to 
chewing cycles, this repeated and increased root 
flexing (fatigue) may predispose root-filled teeth 
to vertical root fracture [8, 93].

More conservative access designs attempt to 
maintain original canal curvatures. If a decreased 
angle of curvature is intended, as with straight- 
line furcation and straight-line radicular access 
designs, greater amount of orifice relocation is 
needed, which can thin one side of the root more 
than the other sides [94]. Historically, straight- 
line endodontic access was proposed to reduce 
the difficulty in instrumenting curved root 
canals due to the limitations in the flexibility of 
endodontic instruments used. Teeth with incli-
nations of 30 or more degrees or S-shaped 
curves are considered as high difficulty by the 
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AAE endodontic case difficulty assessment 
form and guidelines. Modern alloys used for 
endodontic instruments have shown effective 
and safe for use in these conditions [95, 96]. 
Thermal treatment of NiTi alloys is used to 
increase their mechanical properties, resulting 
in increased flexibility [97, 98]. Maintaining 
canal curvature in order to eliminate transporta-
tion while avoiding instrument separation has 
always been one of the ideal requirements for 
endodontic files. Heat-treated NiTi instruments 
show adequate preparations of complex canals, 
even in cases with an S-shape canal morphology 
[90]. Modern NiTi heat-treated instruments 
come in a variety of designs, including multi-
ples sizes and variable tapers. This facilitates 
instrument selection and instrumentation 
depending on the case-specific requirements 

conceived by the clinician (Figs.  1.26, 1.27, 
1.28, 1.29, 1.30, 1.31, and 1.32).

1.4  Conclusive Remarks

Preservation of residual tooth or dentin structure 
is of supreme importance in basic operative den-
tistry, endodontic therapy, or post-endodontic res-
torations. In conclusion, treatment modalities to 
maximize longevity of endodontically treated 
teeth include well-planned conservative access 
cavities that leverage caries and restorations, con-
servative root canal preparations and placement of 
immediate coronal restorations. Dentin preserva-
tion in root canal treatment can be implemented in 
two phases. Phase 1 is aimed towards patient-spe-
cific planning for access/canal preparation, while 

Fig. 1.26 Despite the fact that most teeth requiring end-
odontic treatment shows significant loss of enamel and 
coronal dentin, that is not always the case. When present, 
every dental structure should be preserved and only 
removed if strictly required to contribute to the procedure 
itself. Resources available heavily reduce the need of this 
removal, making possible successful endodontic treat-
ments through contracted cavities and limited shaping 
even in the presence of bacterial proliferation in the root 

canal system. Infected mandibular molar case success-
fully treated through a less invasive approach. This also 
reduces the restorative need, making unnecessary the cusp 
protection to every posterior endodontically treated tooth, 
where the resulting cavity shows an ampleness smaller 
than one-third of the intercuspal distance, like the one pre-
sented. 3  years follow-up. Restorative dentistry by Dr. 
Tomás Seif (Caracas, Venezuela)
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Fig. 1.27 Controlled shaping at the pericervical area. By 
measuring dental thickness and canal size at this level, 
preparation goals can be determined to ensure proper 
structural preservation and limiting chances of wall perfo-
ration, particularly in cases with increased risk due to their 

particular shape. By minimizing dentin removal, struc-
tural behavior is maintained. This tooth treated in a less 
invasive manner than with traditional maneuvers shows 
proper success in 5 years follow-up, even considering that 
is basically restored

Fig. 1.28 Mandibular bicuspids in need of root canal 
treatment with different canal configurations. Without 
proper preoperative consideration, this case could easily 
end mistreated in one of the two canals present in the first 
mandibular bicuspid. Occasionally conventional X-rays 
suggest this canal configuration by mid root rapid disap-
pearance of the radiolucency of the canal, as this one. 
Even though conventional X-rays may show this configu-

ration, high-resolution CBCT slices give so much infor-
mation quiet convenient for the proper resolution of the 
case: exact configuration, point of separation, sizes of 
each canal, length, curvatures, size, and convenient posi-
tion of the access cavity. All this information taken into 
consideration should result in proper handling of the case 
with maximum dentin preservation
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Fig. 1.29 Case of primary root canal treatment to resume 
concepts presented in this chapter. As a complement to 
conventional endodontic evaluation, a CBCT study pro-

vides relevant information not available by other noninva-
sive technique

Fig. 1.30 Analysis of the information contained in the 
CBCT slices reveals for this maxillary first molar case the 
presence of three roots, two canals in the MB root, one in 
the DB and one in the palatal. Projection of the axis of the 
canals, as in majority of cases, points towards the center 
of the occlusal surface, allowing a contracted cavity to 
adequately provide enough access for all present canals. 
The pericervical bottom is located at 9 mm from the tip of 
the root for the DB and the P root, and at 10 mm to the MB 
root. At this point original canals measured 0.5 mm wide 

for the MB1 with a total thickness of the root of 2.8 mm, 
0.2  mm for the MB2 (2.2  mm thickness of the root), 
0.5 mm for the DB with 3.3 mm radicular thickness and 
1.0 mm for the P canal in a 4.8 mm wide root. Distance 
between MB1 and DB is 2.4 mm, between MB1 and MB2 
is 1.9 mm, between P and MB2 is 2.9 mm, and 3.9 mm 
from P to DB. Length of the canals measured in the CBCT 
slices are in the 22 mm in the buccal side and in the 23 mm 
for the palatal, to be precisely determined later in conjunc-
tion with an electronic apex locator
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Fig. 1.31 Clinical sequence of the procedure performed. 
A contracted access cavity was created in the center of the 
occlusal surface, where all the four canals present joined 
and can be accessed following its particular axis. Note 
again that the projected canals converge freely to the 
access cavity. Length of the canals where electronically 

determined, cleaning and shaping procedures completed, 
preparation was set at 35/0.04 for the MB1 and DB, 
35/0.03 for the MB2, and 40/0.05 for the P. The access 
cavity was sealed with fluid resin. No indication for cus-
pal protection post endodontic treatment since the access 
cavity is less than one-third of the intercuspal distance

Fig. 1.32 Comparison of periapical X-ray and clinical 
view between the initial condition and 3 years later. Note 
the normal appearance of the supportive structures on the 
follow-up CBCT slices. Restorative procedure was lim-

ited to a new surface direct resin at the limit of the previ-
ous cavity prior to the endodontic procedure. Restorative 
dentistry by Dr. Tomás Seif (Caracas, Venezuela)

C. Bóveda and A. Kishen



29

Phase 2 is aimed towards treatment steps that pre-
serves root dentin. Preoperative limited FOV 
CBCT is recommended as a standard of practice. 
Information obtained from the preoperative 
CBCT volume can be used to plan minimally 
invasive endodontic procedures. The advent of 
new concepts and technologies that includes 
image-guided access and dynamically guided 
access appears to be promising technologies to 
preserve dentin tissue and improve patient-cen-
tered outcomes in root canal treatment.
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2.1  Introduction

Recent research advances demonstrating that the 
dentin-pulp complex is capable of repairing itself 
and regenerating mineralized tissue offer hope of 
new endodontic treatment modalities that can pro-
tect the vital pulp, provoke reactionary dentinogen-
esis, and stimulate revascularization of a damaged 
root canal [1]. The dental pulp is a complex and 
highly specialized connective tissue that is enclosed 

in a mineralized shell and has a limited blood supply; 
these are only a few of the many obstacles faced by 
the clinicians and researchers attempting to design 
new therapeutic strategies for its regeneration.

The primary aim of pulp capping is to protect 
the underlying tissue from any external stress, 
especially bacteria, meaning that the quality of 
the filling and its seal are of the utmost impor-
tance. For many years, only this seal was thought 
to determine the success of the procedure. In the 
1990s, direct pulp caps with adhesive seemed to 
deliver good medium-term results [2]. However, 
the deterioration of the material, especially the 
sealing junctions, had not been taken into account. 
Although the results proved acceptable over a 
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period of months, the destruction of the seal and 
subsequent infiltration of bacteria prompted either 
acute inflammatory responses several months 
after treatment or ‘low-level’ pulpal necrosis [3].

These shortcomings caused a paradigm shift in 
the underlying biological concepts. A complete, 
biological closure of the wound comprising a long-
term seal came to be seen as essential. To do this, 
materials with bioactive properties were used and 
eventually others were developed with the explicit 
goal of inducing dentin-bridge formation. For 
years, calcium hydroxide was used as a capping 
material, either undiluted or in combination with 
resins for easier manipulation [4]. The best-known 
product of this kind is Dycal® (Dentsply, De Trey). 
Though applying this material directly to the pulp 
causes a mineral barrier to form, this barrier is nei-
ther uniform nor bonded to the dentin wall; thus, a 
long-lasting seal cannot be formed [5]. Since this 
material tends to dissolve over time, after a mat-
ter of months the clinical situation would be the 
same as that of a treatment involving no capping 
material. While calcium hydroxide was the pulp-
capping material of choice for many years, this is 
no longer the case today.

Of the many traits a given capping material 
should have, the following three are essential [6]:

• Creates an immediate seal of the dental cavity 
in order to protect the pulp in the first few 
weeks before the dentin bridge is formed.

• Meets all non-toxicity and biocompatibility 
criteria.

• Has bioactive properties that trigger the bio-
logical principles involved in forming a min-
eralized barrier between the pulp being treated 
and the material itself.

After pulp exposure, the odontoblasts layer 
is damaged. But these cells are the only dentin- 
producing cells. Then, to form the mineralized 
barrier, it is necessary to induce the growth of 
neo-odontoblasts, the only cells that can secrete 
dentin. Since these highly differentiated cells are 
post-mitotic (so no renewal by simple mitosis as 
for the other tissues), the healing process requires 
regenerative processes [7].

In a reparative process, progenitor cells are 
recruited on the wound site by chemotaxis or 
plithotaxis [8]. As soon they are in contact with 
the capping material, these cells differentiate into 
dentin-secreting cells and biological activity is 
stimulated and activated (Fig. 2.1).

Ideally, the biomaterial used should have 
these three abilities: chemiotaxis, stimulation of 

Material

Material

Material

Material

Fig. 2.1 The pulp healing process occurs in a three-step process after pulp capping with a dedicated material: progenitors 
recruitment, cell-differentiation and dentinogenesis stimulation
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differentiation and activation of dentin synthesis. 
The results obtained from biomaterials until now 
have often been discovered by chance, once the 
dental device is on the market.

Dentin is a partially mineralized tissue whose 
organic phase consists of a matrix of collagen I 
enriched with a number of non-collagen matrix 
proteins. These proteins are initially secreted by 
the odontoblasts and then fossilized during the 
mineralization process [9]. The many matrix pro-
teins include a large number of growth factors, 
including TGF Beta, VEGF and ADM.

Any biological (carious) or therapeutic pro-
cess (etching) that demineralize dentin will 
release these growth factors from the matrix [10]. 
Even if most of the growth factors disappear into 
the saliva, some will diffuse through the dentinal 
tubules and reach the dental pulp [11].

Another way for stimulating growth factors 
release from dentin is to use a biomaterial that 
triggers partial but fairly controlled demineral-
ization when the biomaterial comes into contact 
with dentin. The Dentine Matrix Proteins can be 
released from dentin by using calcium hydrox-
ide [12], mineral trioxide aggregate [13] or any 
etching substance used during bonding [14]. The 
dentin matrix proteins boost chemotaxis, angio-
genesis (18) and the differentiation of progenitor 
cells into dentinogenic cells [15]. Nevertheless, 
there are currently no viable therapeutic solutions 
available that can make use of these proteins’ 
properties.

Odontoblasts are best known for their role in 
producing dentin, for both secreting it and min-
eralizing it during primary and secondary den-
tinogenesis [16]. When a carious lesion occurs, 
odontoblasts asleep and the ‘quiescent’ phase of 
synthesis can be reactivated to synthesize tertiary 
dentin, known as reactionary dentin [17].

If the secretion activity of odontoblasts is the 
most described, these cells have two other special 
roles: one in immunocompetence in relation with 
the Toll-like receptors (TLRs) on their mem-
branes which transform the bond of bacteria tox-
ins into a cellular signal that is communicated to 
the underlying connective tissue [18]; the second 
one is mechanosensation due to the presence of 
cils on the surface of the membrane [19]. Thanks 

to these two abilities, odontoblasts act as a protec-
tive barrier for the pulp by fending off aggressors 
and producing a suitable, intelligible signal for 
immune cells residing therein. Odontoblasts can 
transform information they receive into transmis-
sible information that the underlying tissue can 
interpret. Odontoblasts are also especially sensi-
tive to growth factors and biostimulators. When 
dental tissue is demineralized due to caries, den-
tin matrix proteins are released and can circulate 
freely in the dentinal tubules [15].

2.2  Pulp Inflammation 
and Healing

In dentistry, inflammation has a strong nega-
tive connotation. Pulpitis is immediately asso-
ciated with pain and adverse effects leading to 
destroyed and necrotic pulp tissue. Treating this 
pain requires removing the inflamed tissue with a 
surgical procedure which is often quite invasive, 
and difficult to find the limit in accordance with 
minimally invasive treatments. Because of the 
difficulties to find the limits of the disease, the 
majority of cases end in a complete pulpectomy 
and root canal treatment.

However, the adverse effects of inflam-
mation should be contrasted with its benefits. 
Inflammation marks the first step of tissue heal-
ing. Inflammation helps by cleaning and disin-
fecting the wound to be healed on one hand, and 
on the other hand by secreting a variety of sub-
stances (cytokines) that help in the healing and 
regeneration process [20].

In a clinical setting, pulpal inflammation is 
commonly referred to as ‘reversible’ or ‘irre-
versible’. The process of inflammation exists or 
not and then, cannot be reversible. This idea of 
reversibility means that the process is controlled 
well enough that it can be stopped, and then 
guided to aid in healing. When the inflammation 
is too advanced to be controlled, the inflamma-
tion process is called ‘irreversible’. This term 
refers to a certain clinical situation associated 
with relatively basic diagnostic elements (type of 
pain, persistence, etc.) which are poorly related 
to the right histo-physio-pathological status of 
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the tissue. This lack of correlation has been dem-
onstrated for years [21] and has been confirmed 
with some additional nuances multiple times 
[22]. Some studies have looked into markers of 
pulp inflammation and their potential use in diag-
nosis or treatment [23]. Although these markers 
are known to exist, more specific information 
remains elusive and more robust studies are still 
required to eventually imagine reliable diagnos-
tic tools and reproducible use-cases.

So far, without more biological help, practi-
tioners must do with what is available now: tooth 
anamnesis to define the patient’s pain as well as 
heat and electrical tests whose reliability is still 
suboptimal. More options based on observation, 
including controlling haemostasis at the time of 
pulp exposure and/or partial pulpectomy, can be 
used as clinical marker. Inflammation is associ-
ated with hypervascularization, which could be 
identified by the bleeding. Nevertheless, the same 
bleeding may arise when vascular connective tis-
sue is cut. To understand the difference, the lesion 
can be packed with a damp cotton pellet placed 

directly on the tissue with pressure applied for 
1–2 min. This is enough time to achieve haemo-
stasis under physiological conditions. If bleeding 
persists, it may be assumed that some of the pulp 
tissue is still inflamed and partial removal is nec-
essary until healthy tissue is exposed.

Given the huge difference from one situa-
tion to another one, and because of the variabil-
ity from one practitioner to another one, these 
markers are not reliable enough to state on the 
inflamed pulp tissue status. Thus, it becomes 
clear that the means for identifying and testing 
the presence of inflamed tissue in exposed pulp 
are both arbitrary and inadequate. Despite the 
binary description (reversible versus irrevers-
ible), histological section observations confirm 
that it is not so easy to differentiate the first one 
from the second one. Indeed, a precise obser-
vation of an inflamed pulp confirms that all 
the pathological status (necrosis, irreversible 
inflammation and reversible inflammation) of 
the tissue are present on the same disease on 
different layers (Fig. 2.2).

Fig. 2.2 Pig dental pulp exposed to the oral cavity for 
7 days. This was done for miming the pulp inflammation. 
This histological slice (7 microns cut, haematoxylin- eosin 
staining) clearly shows that on the same tissue, all the 

disease levels are present (necrosis, irreversible inflamma-
tion, reversible inflammation, pulp stone given by a low 
level of inflammation)
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Additional research is therefore necessary 
to identify more specific markers (biological or 
clinical) to develop suitable, accurate diagnostic 
tools and improve long-term results. This is an 
important point to consider because controlling 
inflammation remains the key for the success of 
pulp capping therapies.

2.3  Pulp Capping 
and Biomaterials

Mineral trioxide aggregate (MTA), marketed 
under the name ProRoot MTA® (Dentsply 
Sirona), gradually became the material of choice 
over the years, as scientific evidence mounts [3]. 
Sold as a powder to be mixed with water, the 
substance is placed onto a glass tray and applied 
directly to the pulp using a dedicated instru-
ment, such as the MAP System® (PDSA, Vevey, 
Switzerland). The material is not packed in but 
placed into direct contact with the pulp, lightly 
tapped into the dentin wall using a bit of thick 
paper or a cotton pellet. It is now recommended 
to amend the usage protocol for this specific 
circumstance and restore the tooth immediately 
with bonded composite resin. Since the material 
takes over 4 h to set, it requires taking all neces-
sary precautions because spraying water to rinse 
the cavity, for example, would wash away the 
material that has just been applied. If the res-
toration protocol includes spraying dental tis-
sue with water, we recommend completing this 
step first before applying the capping material 
(Fig. 2.3).

The advantage of biological properties of this 
material has been shown with in vitro and in vivo 
studies, as well as in clinical trials comparing it 
to other materials [24]. The higher histological 
quality of the dentin bridges formed using this 
material compared with calcium hydroxide has 
been demonstrated.

One of the most common disadvantages of 
this material is the difficulty to manipulate it and 
the risk to induce dyschromia of the tooth, given 

to the presence of bismuth oxide added in the 
material to improve its radio-opacity. Multiple 
manufacturers have developed during the years 
some similar materials (hydraulic cements) try-
ing to limit its inconvenience by replacing bis-
muth oxide by zirconium oxide.

Some years ago, a tricalcium silicate-based 
material (Biodentine®, Septodont, France) has 
been launched on the market. Initially developed 
as a dentin substitute for coronal fillings, it dem-
onstrated effects on biological tissues that led to 
an extension of its indications to include pulp 
capping [25]. One of its notable qualities is its 
effect to start mineralization [26] and cellular dif-
ferentiation [25]. These results provide excellent 
proof for optimism about its long-term clinical 
potential.

In addition to their sealing ability (to protect 
the pulp) and their biological activity (inflamma-
tion control), these capping materials also have 
the ability to release the dentin matrix proteins 
from the dentin upon contact with such a material. 
In particular, this has been demonstrated for cal-
cium hydroxide [12] and MTA [13]. Therefore, 
these substances combine a direct biological 
effect on the pulp with an indirect effect by caus-
ing a gradual, delayed release of growth fac-
tors, including some anti-inflammatories. It may 
therefore be worthwhile in the future to extend 
the application area of these materials to include 
the adjacent dentin walls where preparation of the 
cavity has made the dentin thinner. The material 
in contact with the dentin can extract the matrix 
proteins, which could travel through the dentinal 
tubules (which are quite large at this depth) and 
help to heal the pulp [27] (Fig. 2.4). This is an 
application in which the use of Biodentine may 
have a real potential, as it may be used to fill an 
entire coronal cavity, which is not the case for 
MTA. However, the mechanical behaviour of the 
material still necessitates an additional procedure 
in which it is coated with a bonded composite 
which both makes the restauration more aestheti-
cally pleasing and keeps the substitution material 
from dissolving.
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Fig. 2.3 Pulp capping on a permanent tooth suffering of 
deep carious lesion. (a) pre-operative X-ray; (b) cavity 
after removal of the carious tissue; (c) cavity disinfection 
with a 2% chlorhexidine solution; (d) placement of the 
pulp capping material in direct contact with the pulp and 

also used for a bulk coronal restoration; (e) final view 
before bonded composite resin restoration will be placed. 
(f) Post-operative X-ray; (g) clinical image at 10 months 
recall, the tooth responds normally to pulp sensitivity 
tests; (h) 10 months recall radiograph
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2.4  Step-by-Step Procedure

2.4.1  Pulp Capping (Fig. 2.3)

The objective is to cap the pulp when it is exposed, 
with a dedicated material. The following step by 
step can be used in most of the clinical situations.

 1. Anaesthesia of the tooth is completed first as 
for a restorative procedure. The use of a 
vasoconstrictor is possible, but must be 
 considered for the rest of the treatment 
(bleeding control step).

 2. Placement of the rubber dam and 
disinfection.

 3. Remove the carious tissues and clean the 
cavity with sterile excavators and burs under 
cooling water. It is recommended to remove 
first most of the carious tissue before expos-
ing the dental pulp.

 4. When the cavity is very deep, the pulp is 
exposed.

 5. Control the bleeding with a moist sterile cot-
ton pellet (with sterile water) placed into the 
cavity with a gentle compression.

 6. Remove the cotton pellet and control the stop 
of the bleeding. Do not use other product to 
stop the bleeding (ferric sulphate, laser, etc.). 
Indeed, the control of the haemorrhage is the 
only reliable technique to evaluate the inflam-

mation status of the pulp. If the pulp is not 
inflamed, the bleeding due to the wound only 
can be stopped with a gentle compression.

 7. If the bleeding cannot be controlled, the 
exposed pulp must be removed with a sterile 
bur under copious water to process a partial 
pulpotomy. Then try again to control the 
bleeding with the same technique than 
before. At this stage it is important to keep in 
mind that the bleeding control is necessary, 
being a poor clinical diagnostic tool, but the 
only one we have until new diagnostic tools 
will be developed. One more limiting factor 
is the use of a vasoconstrictor for anaesthe-
sia; then the blood stream into the pulp is 
modified. Furthermore, bleeding can also be 
restricted leading to a good control even if 
the pulp is inflamed.

 8. The exposed pulp can be inflamed, but is not 
infected. The dentine can be disinfected with 
a 2% chlorhexidine solution left into the cav-
ity for 2–3 min. Laser (Er-Yag) can also be 
considered. Sodium hypochlorite is not rec-
ommended, as it modifies the dentinal struc-
ture and interferes with the bonding process 
to follow.

 9. Place the capping material directly in contact 
with the pulp with a dedicated device, but do 
not plug it.

 10. The cavity is filled out with the same mate-
rial, if it is dedicated or the bonded restora-
tion covering the capping material can be 
done in the same session.

 11. The post-operative X-ray is then taken and 
the occlusion is checked.

 12. Follow the patient at short (1–3 months) and 
long term (every 6 months). The pulp sensi-
bility is checked with a cold test and a recall 
X-ray is also recommended.

2.4.2  Pulp Chamber Pulpotomy 
(Fig. 2.5)

The clinical procedure is similar. The pulp cham-
ber pulpotomy is indicated when the bleeding 
control of the pulp exposure site is not possible 
or in case of any doubt of the inflammation status 

Material

Fig. 2.4 The bioactive material can act in two ways for 
pulp healing: with a direct effect onto the pulp tissue and 
with an indirect pathway by controlled dissolution of the 
dentin leading to growth factors release
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Fig. 2.5 Full pulp chamber pulpotomy. (a) pre-operative 
image; (b) pre-operative X-ray; (c) view after enamel 
removal; (d) coronal view after full carious tissue removal, 
some carious tissue remains in direct contact with the 
pulp; (e) after complete affected dental tissue removal the 
pulp is exposed and bleeding is difficult to control; (f) it 
was decided to remove the full pulp of the pulp chamber 

instead of doing a conventional pulp capping; (g) after 
control of the bleeding, capping material is placed into the 
cavity with an amalgam carrier; (h) the material is gently 
packed on the floor of the cavity with an amalgam plug-
ger; (i) the full cavity is filled with the material; (j) the 
10 months recall associated to normal clinical tests con-
firm the short-term success of the treatment

a b

c d

e f
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of the pulp. In that case, it is probably safer to 
process a deep pulpotomy. The six first steps of 
the pulp capping remain the same. Then the fol-
lowing steps are performed:

 1. The pulp chamber is emptied of the whole 
coronal pulp with a sterile carbamide bur used 
with a low-speed handpiece under copious 
water cooling.

 2. The pulp is cut with a sharp and sterile exca-
vator at the entrance of the root canal.

 3. The bleeding is controlled by a gentle pres-
sure with a moist sterile cotton pellet.

 4. Radicular pulp stamps are capped with the 
capping material as described before.

 5. Fill the rest of the coronal cavity with the same 
material or with a bonded composite resin.

 6. Control the quality of treatment with a post- 
operative X-ray and check the occlusion.

 7. Recall the patient for short- and long-term 
checks. Note that in the case of a pulp chamber 
pulpotomy, the sensibility tests are not reliable.

g h

i j

Fig. 2.5 (continued)
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2.5  Application of Pulp Capping 
and ‘Bio-Products’ 
to Stimulate Regeneration

The extracellular matrix (ECM) of dentin con-
tains a variety of molecules involved in regulating 
dentinogenesis. Attempts have been made to use 
ECM proteins (expressed in recombinant bacte-
ria) to stimulate pulp regeneration [28]. The bio-
logical effects of several other ECM molecules 
have also been examined, including dentonin, an 
acid synthetic peptide derived from matrix extra-
cellular phosphoglycoprotein (MEPE), and A + 4 
and A−4, two splice products of the amelogenin 
gene. Each molecule induced regeneration of a 
superficial pulp [29].

Such biological approaches helped to eluci-
date what is occurring during pulp capping and 
regeneration; however, before their clinical appli-
cation, more studies are necessary to confirm the 
advantages and safety of such bio-products ver-
sus mineral hydraulic cements.

2.6  Short- and Long-Term Future 
Developments

Progress in developments of capping bioma-
terials in the past 10 years helped to reawaken 
interest in techniques to preserve pulp vitality. 
Our understanding of pulp biology continues to 
progress, which makes it possible to explain the 
reason for certain failures because the Achilles 
heel of these procedures remains the assessment 
of the state of inflammation of the pulp in need of 
treatment. Clinically, it remains difficult to know 
exactly how deep down the pulp tissue needs to 
be removed, in order to eliminate the risk of leav-
ing any inflamed tissue.

A suggestion deriving from this idea was 
recently made in which a larger portion of the 
pulp may be removed, thus ensuring that all of 
the inflamed tissue has been eliminated, but with-
out resulting in a complete pulpectomy of the 
tooth.

Until now, this treatment was restricted to pri-
mary teeth or certain immature teeth. However, 

in the coming years, pulp chamber pulpotomies 
might come to be seen as an endodontic thera-
peutic alternative to pulpectomies and root canal 
treatment. In this procedure, the whole tissue 
of the pulp chamber is removed and the radic-
ular stumps are capped with a capping mate-
rial (Fig.  2.5). Preliminary studies have shown 
promising results [30], but these must be supple-
mented with more formal studies before it can be 
proposed as a generally viable procedure.

2.7  Conclusions

The aim of any endodontic treatment is to prevent 
the bacterial leakage from the mouth (which is 
infected with commensal flora), up to the max-
illary bone underneath, which is free of any 
infection and must be prevented to any bacterial 
contamination.

Based on this postulate, every clinical process 
permitting to block the bacteria progression must 
be considered.

Pulp capping and pulp chamber pulpotomy 
allow to close the door of bacterial penetration, 
by just placing a material in direct contact with 
the pulp connective tissue. This material ensures 
the sealing of the wound in few minutes/hours 
and will create a double protection by inducing 
the setting of a mineralized barrier between mate-
rial and pulp tissue. Thus, partial and full cham-
ber pulpotomies followed by pulp capping must 
be considered as minimally invasive endodontic 
treatments. Furthermore, the new strategies of 
coronal restoration with bonded composite res-
ins or bonded prosthetic restoration allow now to 
minimize the root canal treatment indication, at 
least for restorative reasons.
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3.1  Introduction

Traditionally endodontic access cavity designs 
were dictated by the underlying anatomy and 
the need to facilitate all the subsequent stages of 
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root canal treatment. In this regard, the outline 
form of the access cavities was guided by the 
operator convenience through the extension for 
prevention form. Although such access designs 
offered many advantages to the operator needs, 
they disregarded the need to preserve sound 
tooth structure to allow the long-term function 
of the tooth. Recently, minimal invasive den-
tistry concepts highlighted the importance of 
dentin preservation for the longevity of end-
odontically treated teeth. Traditional access cav-
ity designs were questioned, regarded as legacy 
concepts, and modified to fit the current trends 
of tissue preservation in endodontics. Current 
technological advancements enabled this pro-
cess. This chapter will describe the advantages 
and disadvantages of traditional and conserva-
tive access cavity designs and will suggest mod-
ifications that will lead to the concept of 
dynamic access cavity design dictated by the 
anatomy, the pathology, and the available 
equipment.

3.2  Access Cavity Designs 
in Endodontics

The first step of the endodontic treatment proce-
dures is always the creation of an access cavity to 
the internal anatomy of the tooth to be treated. 
Access cavity designs in endodontics are geo-
metrically predesigned shapes dictated by the 
underlying chamber anatomy of the tooth to be 
treated [1]. Therefore the alliance between access 
cavity design and anatomy is inflexible and 
inseparable [2]. This means that in order to mas-
ter the anatomic concept of cavity preparation the 
operator should develop a clear mental three- 
dimensional image of the inside of the tooth from 
pulp horns to the apical foramen. Unfortunately, 
for many years periapical radiographs only pro-
vided a two-dimensional blue print of pulp cham-
ber and canal anatomy. It was the third dimension 
that we should visualize as a supplement to the 
two dimensional thinking in order to locate and 
negotiate the aberrant canal system (Fig. 3.1).

a b c d

e f

Fig. 3.1 (a) C-shape canal anatomy in a mandibular pre-
molar as seen in the two-dimensional preoperative peri-
apical radiograph; (b) working length radiograph 
revealing the anatomy in two dimensions; (c, d) micro-CT 

images of a similar anatomy on scanned extracted teeth 
(courtesy of dr. Ronald Ordinola Zapata); (e) access cav-
ity extended accordingly in order to negotiate the middle 
third c-shape; (f) postoperative radiograph
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Knowledge of the most common anatomical 
patterns of pulp chamber spaces and projecting 
these anatomical patterns through a traditional 
access cavity was the main focus for many years 
to facilitate clinical exploration and negotiation 
of the deeper parts of root canal anatomy.

3.3  Anatomy of the Pulp 
Chamber

The pulp chamber is located in the center of the 
tooth crown and its anatomy under no pathologi-
cal conditions resembles the shape of the crown 
surface.

Based on the anatomical study of 500 teeth, 
Krasner and Rankow [3] proposed some laws for 
aiding the determination of the pulp chamber 
position as well as the location and number of 

root canal entrances in each group of teeth 
(Fig. 3.2):

• Law of centrality: The floor of the pulp 
chamber is always located in the center of the 
tooth at the level of the cemento-enamel junc-
tion (CEJ).

• Law of concentricity: The walls of the pulp 
chamber are always concentric to the external 
surface of the tooth at the level of the CEJ, i.e., 
the external root surface anatomy reflects the 
internal pulp chamber anatomy.

• Law of the CEJ: The distance from the exter-
nal surface of the clinical crown to the wall of 
the pulp chamber is the same throughout the 
circumference of the tooth at the level of the 
CEJ.

• Law of symmetry 1: Except for maxillary 
molars, the orifices of the canals are equidis-

Fig. 3.2 Krasner and Rankow [3] laws for aiding the determination of the chamber position as well as the location of 
canal entrance
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tant from a line drawn in a mesial-distal direc-
tion, through the pulp chamber floor.

• Law of symmetry 2: Except for the maxillary 
molars, the orifices of the canals lie on a line 
perpendicular to a line drawn in a mesial- 
distal direction across the center of the floor of 
the pulp chamber.

• Law of color change: The color of the pulp- 
chamber floor is always darker than the walls.

• Law of orifice location 1: The orifices of the 
root canals are always located at the junction 
of the walls and the floor.

• Law of orifice location 2: The orifices of the 
root canals are located at the angles in the 
floor-wall junction.

• Law of orifice location 3: The orifices of the 
root canals are located at the terminus of the 
root developmental fusion lines.

In addition of knowing these laws, the use 
of illumination and magnification through an 
access cavity would provide the best approach 
to explore all anatomic variations of the pulp 
chamber in order to locate all canal orifices and 
avoid missed canals, which has been consid-
ered one of the main causes of endodontic 
failure.

3.4  Traditional Access Cavity 
(Fig. 3.3)

For more than 50 years, the “traditional” access 
cavity designs were subjected to some principles 
that were left unchanged over the time. The tradi-
tional endodontic access cavities principles 
include [2, 4]:

a b

c d

Fig. 3.3 (a, b) Clinical view of the pulp chamber floor 
after shaping procedures and after completion of obtura-
tion in a maxillary molar with fused roots as seen through 
a traditional access cavity; (c, d) clinical view of the 

chamber floor after shaping procedures and after comple-
tion of obturation in a mandibular molar with middle 
mesial canal as seen through a traditional access cavity
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• The removal of all carious dentin and defec-
tive restorations.

• The outline form that is dictated by the occlu-
sal extent of the prepared cavity with diver-
gent axial walls.

• The convenience form that is dictated by the 
degree of dentin to be removed at specific 
locations so as to achieve a straight-line access 
to root canal orifices.

• The “toilet” cleaning of the cavity.
• The extension for prevention that is dictated 

by the removal of dentin obstructions to 
extend the straight line access to the apical 
foramen or the primary curvature of the root 
canal.

These traditional access cavities offered 
some inherent advantages, such as the enhanced 
visibility, the improved clinical exploration of 
the floor anatomy and canal openings, the facil-
itation of cleaning, shaping, and obturation pro-
cedures, and the alteration of root canal 
curvature parameters in a way that would mini-
mize complications [4].

Traditionally the instrumentation difficulty of 
a given canal was assessed by the arbitrary 
Schneider angle of curvature [5]. The angle of 
curvature as described by Schneider is the angle 
forming by the interception of a line passing 
through the long axis of the root and a line pass-
ing through the apical foramen to the point that 
the canal starts to deviate. Increase in angle of 
curvature results in increased instrumentation 
difficulty. Some years later, Pruett et  al. [6] 
noticed that two roots can have the same angle of 
curvature, but totally different abruptness of 
 curvature. In order to describe the abruptness of 
curvature they introduced the radius of curvature. 
Radius of curvature is the radius of a circle pass-
ing through the curved part of the root. A decrease 
in radius of curvature results in increased abrupt-
ness of curvature and increased instrumentation 
difficulty. Additionally to these parameters, 
Schafer et  al. [7] stated that, in order to define 
mathematically and unambiguously the canal 
curvature, the length of curve should be reported 
as well. An increase in length results in increased 
instrumentation difficulties. Finally, Gunday 

et al. [8] introduced the concept of the location of 
the curve by describing the canal access angle 
(CAA) parameter. Canal access angle is the angle 
forming from the intersection of a line passing 
through the long axis of the root with a line drawn 
from the apical foramen to the canal entrance. 
Curvature height and distance together with the 
CAA define the instrumentation difficulty. The 
more the curvatures are located coronally, the 
more stressful they are for the endodontic instru-
ments [9]. A traditional access cavity with conve-
nience form and extension for prevention can 
shift the aforementioned parameters in a way that 
facilitates instrumentation as shown in Fig. 3.4. 
Especially for the curvature parameters, conve-
nience form and extension for prevention will 
decrease the angle of curvature, increase the 
radius of curvature, shorten the curved part of the 
canal, and relocate the curvature apically facili-
tating root canal instrumentation to a great extent 
(Fig. 3.4). Although access cavities with conve-
nience form and extension for prevention improve 
the parameters of curvature, unfortunately they 
selectively remove dentin from the cervical tooth 
area. However the benefits of fewer complica-
tions in endodontic instrumentation outweighed 
the drawbacks of tissue removal for many years, 
until minimal invasive treatment concepts 
affected dentistry.

3.5  Minimal Invasive Dentistry

Recently medicine and dentistry in general 
moved towards minimal invasive concepts that 
might benefit most the patients. This patient- 
centered approach affected also endodontic con-
cepts. Minimal invasive dentistry concepts seek 
to bridge the gap between prevention and dental 
intervention. They highlight the application of a 
systematic respect for the original tissue. This 
implies that the dental profession recognizes that 
an artifact is of less biological value than the 
original tissue. The common delineator is tissue 
preservation preferably by preventing disease 
from occurring and intercepting its progress, but 
also by removing and replacing as little tissue as 
possible [10].
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In endodontology, minimal invasiveness is 
defined as the process of achieving the objectives 
of endodontology by removing and replacing as 
little tissue as possible. These objectives include 
not only the prevention and treatment of apical 
periodontitis but also the lifetime retention of the 
natural teeth. Especially with regard to the last 
objective, the traditional endodontic access cav-
ity concepts were questioned and modified.

The most frequent reason for the failure of end-
odontically treated teeth was reported to be the 
pronounced loss of dental tissues due to non- 
restorable caries and fractures [11]. The fracture of 
endodontically treated teeth is suggested to be 
directly related to the quantity of tissue lost and to 
the specific cavity configuration [12]. The more 
the tissue removed, the more the weakening of the 
tooth structure and the reduction of tooth stiffness 
and resistance to fracture [13]. In fact, it was 
showed since late 80s that access cavity and end-
odontic procedures per se had only a small effect 

on the tooth, reducing the relative stiffness by 5%, 
compared with 20% reduction in tooth stiffness 
because of restorative procedures for an occlusal 
restoration or 63% if both marginal ridges were 
lost in an MOD cavity [14], suggesting that the 
marginal ridges are very important elements for 
the fracture resistance of the tooth. In agreement 
with the above findings, Lang et al. [15] reported 
that access preparation (removal of the pulp cham-
ber roof), as well as post preparation, resulted in a 
significant increase in deformability of the tooth, 
while the removal of dentin at the wall of the canal 
without extensive alteration of the root canals’ out-
line (by manual widening) resulted in no signifi-
cant increase of deformability.

However, in molars cuspal deflection always 
increased with increasing cavity size and was 
greatest following endodontic access cavity prep-
aration [16], suggesting that a cuspal coverage 
protective restoration was always needed in 
molars after endodontic access cavity prepara-

Fig. 3.4 Alteration of curvature parameters after creating convenience form and extension for prevention form in a 
traditional access cavity
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tion. Over the years different types of restoration 
were developed and recommended for the end-
odontically treated teeth [17]. According to the 
clinical situation the objective was always to 
compensate for tissue loss and design a restora-
tion that might protect the remaining tooth from 
fracturing. The reason that endodontically treated 
teeth can fracture is because of trauma or fatigue 
failure from repeated stress overloading. With 
normal functional stresses a tooth can fracture 
because of the reduced mechanical properties of 
teeth with incomplete root formation, caries, 
wear, and highly invasive operative dentistry pro-
cedures and because of the changes in tooth 
structure that happen due to aging, vitality loss, 
and endodontic treatment [18].

Considering all the aforementioned growing 
evidence, an attempt to minimize tissue loss in all 
aspects of dentistry was initiated and rapidly 
became very popular and evolved in a trend. This 
attempt was triggered with the introduction of 
new cutting edge technological advancements.

The current technological advancements that 
enabled the process of tissue preservation in end-
odontics can be summarized as follows:

• Dental operating microscopes (DOM)
The DOM, although not new, provide 

visual feedback, depth perception, magnifica-
tion, coaxial illumination, and improved ergo-
nomics for use in all stages of dental treatment 
[19].

• Small field of view cone-beam computed 
tomography (CBCT) imaging

Current advancement in CBCT imaging 
resulted in visualization of the three- 
dimensional root canal anatomy for most con-
figurations [20].

• Ultrasonic (US) tips and devices
US may guarantee clinicians with an 

increased visibility and precision during the 
operating procedures, thus promoting more 
conservative treatments.

• Martensitic flexible and resistant files
Current advancements in thermo-mechani-

cal processing of NiTi alloys resulted in the 
manufacturing of extremely resistant and flex-
ible instruments. These instruments can be 

pre- curved and they can be used safely through 
confined spaces without the need for conve-
nience form and extension for prevention [21].

• Evolution of irrigation techniques
Recent advancements in irrigant activation 

techniques (ultrasonic, high-power-sonic, 
multisonic or laser-assisted activation) sug-
gest that disinfection of the root canal system 
may be possible with minimal or even no 
instrumentation [22].

• Evolution of biocompatible root canal filling 
materials

Recent evolutions in bioactive obturation 
materials resulted in the development of sim-
plified techniques to fill the root canal system 
[23].

• 3D fixed (static) and/or dynamic guidance [24]
These new technologies may help the clini-

cian to perform conservative treatments even 
in the most difficult cases, such as completely 
calcified canals or access through crown and 
bridges.

• Adhesive dentistry procedures
Increase in the quality of the restorative 

procedures may help to achieve a better prog-
nosis even with partial adhesive restorations 
of endodontically treated teeth.
Under this framework, removing tissue to 

facilitate the stages of root canal treatment seems 
obsolete in endodontics. Tissue preservation 
emerges as the new paradigm shift that might 
result in the lifetime retention of natural teeth. 
Tissue preservation in endodontics can take vari-
ous forms including prevention, early diagnosis, 
vital pulp therapy concepts, access cavity 
designs, canal preparation sizes, irrigation tech-
niques, and microsurgical endodontics. This 
chapter will deal only with access cavity designs 
and tissue preservation.

3.6  Conservative Access Cavity

According to Boveda and Kishen [4], conservative 
endodontic access shapes are geometrical shapes 
that prioritize the removal of (i) restorative mate-
rial ahead of tooth structure, (ii) enamel ahead of 
dentin, and (iii) occlusal tooth structure ahead of 
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cervical dentin. The objective is to increase the 
mechanical stability of the tooth and its fracture 
resistance resulting in long-term survival and 
function. The common delineator of all conserva-
tive access cavities is the creation of a shape that:

• Overlooks the traditional requirements of 
extension for prevention and convenience form.

• Overlooks straight-line access and complete 
unroofing of the pulp chamber.

• Emphasizes the importance of preserving the 
pericervical dentin in posterior teeth (pericer-
vical dentin is the dentin located 4 mm above 
and 4 mm below the CEJ).

• Emphasizes the importance of preserving the 
pericingulum dentin in anterior teeth.

A dynamic approach is needed to perform a 
conservative access cavity, opening it in a conser-
vative way without performing a predefined 

shape from the beginning, until an enlargement 
of the cavity becomes necessary to ensure a 
greater visibility.

3.7  Access Cavity Terminology

When discussing new concepts of access cavity 
design, it is important to define the common new 
terminology that will help the clinician commu-
nicate in a common ground.

The Traditional Endodontic Cavity (TEC) 
has been defined as a cavity that “aims to per-
form a complete unroofing of the pulp chamber, 
exposure of all the pulp horns and a straight-
line access to the root canals with coronally 
divergent walls without undercuts, to visualize 
the pulp chamber floor and all the root canal 
orifices from the same visual angulation” [25] 
(Fig. 3.5).

a b

Fig. 3.5 (a) Typical traditional extended access cavity design in a maxillary first molar before the negotiation of the 
MB2 canal and (b) after finding and shaping the MB2 canal
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The Conservative Endodontic Cavity 
(CEC) “aims to perform a partial unroofing of 
the pulp chamber with preservation of the pulp 
horns, with slightly convergent walls occlusally 
beveled, to visualize the pulp chamber floor and 
all the root canal orifices from different visual 
angulations” [25], following the principles given 
by Clark and Khademi [26]. It means that clini-
cians can visualize the chamber space and the 
floor even if not by the same angulation, but also 
tilting the mirror (Fig. 3.6).

The Ultra-Conservative Endodontic Cavity 
or Ninja Endodontic Cavity (NEC) “aims to 
perform an ultra-conservative cavity just locating 
the orifices, with an extreme unroofing of the 
pulp chamber and preservation of all the pulp 

horns, extremely convergent walls and preserva-
tion of the occlusal enamel” [25] (Fig. 3.7).

The Orifice-Directed Endodontic Cavity or 
TRuss Endodontic Cavity (TREC) is “an 
orifice- directed access, in which separate cavities 
are prepared to negotiate the different roots of 
molars avoiding removal of the central part of the 
pulp chamber’s roof” [27] (Fig. 3.8).

The Opportunistic Endodontic Cavity or 
Caries-Driven Endodontic Cavity (CDEC) is 
“a strategic interproximal (Fig.  3.9) or buccal 
(Fig. 3.10) access aiming to remove all the cari-
ous tissue and the entire old fillings, taking 
advantage of the loss of tooth structure to enter 
the root canal system from the pre-existing cavity 
without enlarging it with a predefined shape.”

a b c

d e

f g

Fig. 3.6 (a) Preoperative periapical radiograph of a max-
illary molar with previously initiated root canal treatment; 
(b, c) postoperative radiographs with different angulations 
after completed the root canal treatment through a conser-
vative access cavity; clinical view of palatal canal (d), 

mesio-buccal canals (e), and disto-buccal canal (f) through 
the conservative access cavity; (g) lower magnification of 
the conservative access cavity for the estimation of the 
coronal tooth structure removal
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a

c

b

d

Fig. 3.7 (a) Preoperative occlusal image of an ultra-con-
servative “ninja” access cavity; clinical view of the MB1 

and MB2 (b), DB (c) and P (d) canals after instrumenta-
tion through the ultra-conservative access cavity

3.8  Conservative Access Cavity 
Equipment

The review article of Bóveda and Kishen [4] 
describes the contracted endodontic cavities and 
the foundation for less invasive alternatives in 
the management of apical periodontitis. The 
specific equipment needed to apply the conser-
vative access cavity concepts in the clinical 
practice include specially designed and minia-
turized burs, thin and double curved endodontic 
explorers, reflective miniaturized mirrors, end-
odontic file holders, magnification and coaxial 
illumination equipment, ultrasonic tips, and 
diagnostic tools.

3.8.1  Burs

The main instrument available to penetrate the 
pulp chamber of all the teeth is a diamond, 
slightly tapered, round ended, gross grain (blue, 
green or black) bur.

This bur can be conical or even cylindrical.
There are different sizes available depending 

on the size of the tooth. Usually, a size #10–12 
bur can be used to access smaller teeth, like lower 
incisors, upper lateral incisor, lower canine, or 
calcified pulp chambers, and the size #12 and #14 
ones to access bigger teeth, like molars, bicus-
pids, upper central incisors, or “young teeth” 
with large pulp chambers.
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The round characteristic end of this bur cre-
ates smoother cavities and it lasts more in time, 
because of less consumption. Flat-end bur may 
create more steps. High-speed ball bur is effec-
tive, but it does not have a great directional con-
trol and cuts indiscriminately even laterally. It 
can also create undercuts and a ball-shaped 
access cavity with unnecessary removal of peri-
cervical dentin; in non-expert hands it can lead to 
iatrogenic damages. The only recommended ball 
bur is a multiblade carbide stainless-steel bur for 
low-speed handpiece, in #12 or #14 size, ideally 
with long neck for a better visibility: it can be 
used after the diamond-coded bur as above, only 
for caries and pulp removal and to access the ori-
fices. The low-speed ball multiblade bur must not 

be used touching the axial walls nor to remove 
undercuts, in order to avoid a round-shaped 
access cavity and the removal of pericervical 
dentin. As already mentioned, a conservative 
access does not require the removal of every 
undercut, because the canal should be just entered 
following its projection on the occlusal surface 
and not straight on the occlusal surface. A possi-
ble solution is to bevel occlusal enamel and this is 
a paradigm shift in changing the access cavity.

There are some carbide multiblade burs with 
non-cutting tips, like Batt’s bur type, that can be 
useful in refining access cavities. These burs 
were designed to remove all the pulp horns and 
interferences, so they tend to create traditional, 
excessively tapered cavities and increase the 

a b

c d

Fig. 3.8 (a) Preoperative periapical radiograph of the 
first mandibular molar diagnosed with acute pulpitis; (b) 
postoperative periapical radiograph after the completion 
of root canal treatment through an orifice directed or truss 

access cavity; (c) clinical view of distal (c) and mesio- 
buccal (d) canal through the orifice-directed-truss access 
cavity
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 possibility of over-enlarging cavities. 
Furthermore, they can create extra-smooth sur-
faces on the axial walls, but the roughness of 
axial walls is not as important as the preserva-
tion on sound structure.

For a deeper search of root canals through the 
pulp chamber floor, smaller and longer burs may 
be suggested, such as the conical diamond-coded 
Clark’s EG3 micro-access bur and the round-end 
low-speed Munce discovery burs. These burs 
may be helpful to clean pulp horns, open the ori-
fices area, and in all the situations in which dentin 
should be saved, because they increase visibility, 
permit a directional control, and reduce the risk 
to indiscriminately remove the axial dentin. The 
small Munce discovery burs are used to reach 
deep areas under the orifices and isthmuses and 

they are useful in difficult cases when it is needed 
to discover canals deep inside the root.

Gates-Glidden (GG) burs have been intro-
duced to be used inside the root canals, but they 
are too demolitive for the pericervical dentin 
down the orifice. In a minimal invasive approach, 
GG burs should be only used inside the pulp 
chamber but outside the root canal, with lateral 
brushing movements to selectively remove some 
coronal interference and refine the dentin up to 
the orifice, on the axial walls or in the pulp horns. 
Usually, a GG n°3 (0.90 mm) or n°4 (1.10 mm) 
may be used for this purpose.

Football-end small grain (yellow or red) burs 
may be used to create the enamel/dentinal occlu-
sal bevel to avoid interferences in the coronal part 
of the instruments.

a b c

d e

Fig. 3.9 (a) Preoperative radiograph of a first mandibular 
molar diagnosed with acute pulpitis; (b) postoperative 
periapical radiograph after the completion of root canal 
treatment through an opportunistic or caries-driven mesial 

access cavity; (c) 1-year follow-up periapical radiograph 
after the completion of root canal treatment; clinical view 
of mesial canals (d) and distal canal (e) through the oppor-
tunistic access cavity
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About the handpieces, the low-speed 1:1 contra- 
angle is necessary for round multiblade burs or 
Gate Glidden burs, while the high-speed 1:5 con-
tra-angle can be helpful for high-speed burs, but at 
a lower speed than turbine. High- speed contra-
angle is not mandatory rather than turbine, but it is 
suggested to reduce the risk to remove too much 
dentine.

3.8.2  Mirrors

The best mirror possible is needed to increase 
visibility. Rhodium surface mirrors give the best 
visibility and light transmission, especially 
through small access cavities and avoid double 

image and refraction. A black contour usually 
indicates rhodium surface.

Magnifying mirrors are not suggested, because 
they increase distortion. If magnification is 
needed, it is better to use loupes or microscopes. 
The key is magnification, illumination, and 
reflection through a high-quality clean mirror.

3.8.3  Endodontic Explorers

Endodontic explorers are useful in the location 
and determination of direction of the root canals. 
In everyday clinical practice standard straight 
explorers are enough effective, but there are also 
specialized endodontic explorers (DG-16 and 
JW-17) that can be useful.

a b c d e

f g h

Fig. 3.10 Preoperative clinical view (a) and periapical 
radiograph (b) of a buccal carious lesion in the first man-
dibular premolar; working length determination (c), cone- 
fit (d), and postoperative (e) radiograph of the root canal 
treatment through the buccal opportunistic access; (f) 

clinical view of rotary file negotiation through the buccal 
opportunistic caries-driven access cavity; (g) clinical view 
after the completion of root canal treatment (g) and post- 
endodontic restoration (h) through the opportunistic buc-
cal access cavity
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3.8.4  Handle Files

These files are attached to a handle. Clinicians 
can easily use them like probes to go inside the 
orifices. There are different types, sizes, and 
tapers. Some examples of these instruments are 
the MC K-files and H-files (VDW, Munich, 
Germany), in the sizes 0.08, 0.10, and 0.15, taper 
0.04, the Micro-Openers K-files, in the sizes 0.10 
and 0.15/taper 0.04 and 0.10/taper 0.06 (Maillefer, 
Baillagues, Switzerland) and the Micro-Debriders 
H-files (Maillefer, Baillagues, Switzerland), in 
the sizes 20 and 30, taper 0.02. They may act like 
probes, because they are tapered and so resistant 
to axial pressure and can be used to clean the root 
canal walls going in lateral brushing motion if 
there are some pulp or filling material remnants.

They are particularly useful under the micro-
scope, because they let the clinician not to use 
fingers to handle the files, thus increasing visibil-
ity during the procedures.

Existing alternative solutions are also to have 
a handle where to mount the hand files and that 
support any kind and size of endodontic files, act-
ing like an effective probe.

3.8.5  Microscopes and Loupes

Magnifications are helpful to be more conserva-
tive. In authors’ opinion, at least loupes are man-
datory, in particular 4.5× to 5× magnification 
loupes may help to solve nearly 80% of all end-
odontic case, but there are some specific cases 
that can be solved only with microscope.

Prismatic magnification loupes, with different 
kind of support on glasses or head-set, are the 
ideal initial solution for regular cases. Galilean 
loupes have usually a lower magnification and a 
different transmission of the light.

It is important to select the appropriate loupes 
for personal working distance. If young practitio-
ners want to start from lower magnifications to 
have a contact with the magnification field, 3.5× 
magnification Galilean loupes can act as a start-
ing point, to pass then to 4.5–6× magnification 
prismatic loupes that are more indicated for end-
odontic cases.

LED lights are also available to be mounted 
on loupes. They are important to increase visibil-
ity of loupes.

Normally, access cavity preparation step of 
the endodontic treatment may be successfully 
performed with loups and lights even when a 
conservative approach is attempted. In these 
cases, the microscope may be mainly useful in 
the control phase of what clinicians are doing or 
in particularly difficult cases. When, instead, cli-
nicians have to perform procedures deep inside 
the root, such as to search for calcified root 
canals, attempt the removal of fractured frag-
ments or remove fiber posts or even just try to 
locate difficult root canal orifices, it is difficult to 
do it safely and effectively with the use of loupes 
with LED lights only. In these cases the use of a 
microscope with coaxial light is mandatory to see 
so deep inside the tooth.

3.8.6  Ultrasonic Devices 
and Ultrasonic Tips

The use of ultrasonic tips in access cavity refine-
ment and orifice location permit to be less aggres-
sive and more conservative than when using 
high- or low-speed handpieces, because of better 
control and greater visibility. Ultrasonic tips help 
to remove calcifications of the pulp chamber 
without touching the walls or the pulp chamber 
floor. Furthermore, when ultrasonic tips are asso-
ciated to microscope to locate root canal orifices, 
the accessory anatomy may be discovered more 
easily [28].

Diamond-coated or the less aggressive non- 
diamond- coated tips should be mainly used on 
the pulp chamber floor to search root canals or to 
refine the orifices. Their use should be limited to 
dentin when refining the access cavity walls, to 
avoid contact with the enamel that may crack 
under the vibration produced [29].

The endo-chuck is a device with different 
angulation (90° and 120°) in which some tips or 
files can be mounted to search for root canals or 
to go through isthmuses. There are some chucks, 
in which burs may be also mounted on to clean 
pulp horns and remove pulp remnants from the 
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access cavity. For this purpose, there are also 
microsurgical bendable tips that may be adapted 
to clean pulp horns and undercuts.

3.8.7  CBCT

Despite this 3D diagnostic tool is regularly used in 
retreatment cases and endodontic surgery, because 
it is helpful to study if there are missed anatomy, 
problems inside the root canals, like ledges, perfo-
rations and fractured files or the relationship 
between teeth and the surrounding anatomical 
structures, standard primary treatments may be 
usually completed without CBCT, unless the clini-
cian finds difficulties to understand root canal 
anatomy in three dimensions and the relationship 
between teeth and lesions or to study the anatomy 
of completely calcified root canals. These are the 
cases in which a 3D planning of the access cavity 
based on the CBCT scan may be more useful. In 
fact, in case of completely calcified canals, it is 
possible to design silicon- metal guides for special 
burs, like those used in implantology, following 
the indications of the CBCT.  Microguided end-
odontics provides an accurate technique for the 
preparation of access cavities and is therefore of 
high clinical relevance [24, 30–32].

Intraoperatory 3D navigation is also an innova-
tive experimental method to perform endodontic 
access. This idea is borrowed from the implant-
guided surgery, so that in endodontics the opera-
tor can see the progression of the bur inside the 
tooth crown and roots directly in a screen in real 
time on the CBCT images. So, the “CBCT-based 
cavity access” may represent the future.

In any case, treatment planning of the access 
cavity and of all the treatment may be also done in 
standard cases by dedicated 3D software with the 
rendering of the 3D CBCT exam, to perform a tri-
dimensional examination of the tooth anatomy.

3.8.8  Time

The most important “special equipment” the cli-
nicians need to perform a conservative access 
cavity and endodontic treatment in general, aim-

ing to preserve as much sound tooth structure as 
possible is the time. In fact, the canal preparation 
time was significantly increased when working 
through a conservative access design rather than 
traditional cavities [33].

3.9  Conservative Access Cavity 
Drawbacks

Although conservative access cavities have the 
potential of preserving tooth structure that might 
result in better long-term prognosis, some con-
cerns may be raised.

Conservative access cavities might:

• Jeopardize disinfection of the pulp cham-
ber [34].

• Increase the risk of missed canals [28].
• Increase the untouched canal walls [35].
• Increase the stress on the mechanical files [36].
• Compromise irrigant penetration, needle 

wedging, vapor lock, dampening of ultrasonic 
energy [4].

• Complicate root canal obturation and coronal 
restoration (existence of under cuts that make 
the utilization of some techniques and materi-
als difficult).

• Increase the time span of the treatment to 
unacceptable level [33].

The benefits and the possible drawbacks of 
conservative access cavities have become the 
topic of extensive research effort in order to for-
mulate the best available evidence for the clinical 
endodontic practice.

3.10  Research Evaluation 
of Conservative Access 
Cavities

New research focuses on the comparison between 
different access modalities as they were defined 
earlier. In the first study recently published on this 
topic [35], the fracture resistance of unrestored 
molars and premolars with CEC was about 2.5-fold 
and 1.8-fold more, respectively, than in matched 
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teeth with TEC but comparable for incisors with 
both cavity designs. The fact that in this study teeth 
were unrestored reduced its clinical relevance, so 
Moore et  al. [37] repeated the study on restored 
maxillary molars and reported that the fracture 
strength with CECs and TECs was comparable and 
consistently lower than that of intact molars. Thus, 
CECs in restored maxillary molars did not posi-
tively impact fracture strength, suggesting no 
apparent benefit in this regard. Considering that 
maxillary molars present with particularly chal-
lenging root canal systems in mesio-buccal roots, 
where secondary canals are difficult to locate and 
negotiate, the application of CECs in these teeth 
merits careful consideration. Similar to the previ-
ous findings, Corsentino et al. [27] reported that the 
endodontic access cavity design and the loss of one 
or two walls reduce the fracture strength of intact 
teeth. The access cavity designs tested (CEC, 
TREC) did not influence the fracture strength of 
treated teeth that was reduced by the loss of two 
marginal walls. Similarly, CEC preparation did not 
increase the fracture strength of teeth with class II 
cavities compared with TEC preparation in a study 
by Ozyurek et al. [38]. In the same line with the 
above findings the results of Rover et al. [28] did 
not show any benefits associated with CECs. They 
noted that this access modality in maxillary molars 
resulted in less root canal detection when no ultra-
sonic troughing associated to an OM was used and 
did not increase fracture resistance.

Sabeti et al. [39] reported that increasing the 
taper of the root canal preparation to 0.08 can 
reduce the fracture resistance of teeth. Although 
they reported that access cavity preparation can 
reduce the resistance, CEC in comparison with 
TEC had no significant impact. In addition, 
instrumentation time in teeth with CECs was 
found to be 2.5-fold longer than in teeth with 
non-extended TECs, reflecting the typical chal-
lenges associated with constricted access [33].

Although most of the initial in  vitro studies 
suggested minimal effect of access cavity dimen-
sions in the fracture strength of human teeth, 
other studies reported conflicting results. The 
most important variation in the published studies 
is that there is no consensus how to define the dif-
ferent type of access cavities and in some studies 
what is defined TEC instead correspond more to 

a CEC and what is defined CEC correspond more 
to a NEC.  For this reason several studies that 
found no differences have instead compared CEC 
to NEC instead of the declared TEC and 
CEC. The article which more clarify this aspect 
and better classify the different access cavity is 
the study by Plotino et  al. [25], in which teeth 
with TEC access showed lower fracture strength 
than the ones prepared with CEC or 
NEC. Ultraconservative “ninja” endodontic cav-
ity access did not increase the fracture strength of 
teeth compared with the ones prepared with 
CEC. Following this study, the same authors are 
trying to standardize the dimensions of the differ-
ent type of access cavities for a research point of 
view [40]. The authors showed a significantly dif-
ferent percentage of volume of dentin and enamel 
removed in molars and premolars measured by 
CBCT among the groups analyzed, being teeth 
with NEC < CEC < TEC and a new classification 
of access cavity preparation has been proposed 
according to percentage of volume of dentin and 
enamel removed: NEC less than 6%, CEC up to 
15%, and TEC more than 15%.

In Fig. 3.11 the superimposition of these three 
different types of access cavity is visualized in a 
simulation that clearly underlines the differences 
from an occlusal and a lateral point of view.

Unfortunately no randomized controlled trials 
exist at the moment to support or reject the effect 
that minimal invasive access cavity concept exert 
on the longevity of the teeth. Up to now the best 
available evidence indicates that the difference is 
very small to be relevant.

3.11  The “Less Is More” Concept 
in Endodontics

Although clear benefits of conservative access 
cavities are yet to be supported by randomized 
clinical trials, clinicians tend to embrace the con-
cept of less is more when it comes to tissue removal 
during access cavity preparation. Through the long 
history of endodontology the vision was always 
the lifetime retention of the natural dentition. 
However, lifetime is not always the same because 
the life expectancy of humans at birth is not a sta-
ble parameter. The estimate of the average number 
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of years a newborn infant would live if prevailing 
patterns of mortality at the time of birth were to 
stay the same throughout its life increased dramat-
ically through the years, from 20 years of age in 
1548 to nearly 85 years in some countries in 2015 
(https://ourworldindata.org) [41]. Aging popula-
tion results in huge challenges for the lifetime 
retention of the natural dentition. Dentin is sub-
jected to physiological and pathological changes 
that can affect the lifetime teeth retention. 
Physiological changes of dentin are age related 
and result in increased mineralization, increased 
dentinal hardness, peritubular occlusion, 40% 
lower fatigue crack growth, 48% lower endurance 
strength, over 100 times faster fatigue crack propa-
gation, reduction of flexure strength by 20 Mpa/
decade, increased collagen cross-link, and loss of 
matrix-degrading enzymes [42]. The caries associ-
ated pathological changes of dentin include the 
lowering of its mineral content, the increase in 
dentin porosity, the altering of collagen structure 
and distribution, the altering of non-collagenous 
proteins, the increase in wetness, the reduction of 
dentin hardness, stiffness and tensile strength, the 

reduction in the modulus of elasticity, the reduc-
tion in fatigue strength, the drying shrinkage, and 
the increase in fatigue crack growth [42].

Taken all these changes together it becomes evi-
dent that the less tissue is removed during operative 
dental procedures and endodontics, the more the 
chances of avoiding catastrophic tooth fractures 
might be. Especially in endodontics, tissue removal 
in combination with the age- and caries-related 
changes in dentin composition and structure that 
cannot be avoided may have deleterious conse-
quences. It is suggested that such catastrophic tooth 
fractures might be avoided if the endodontic and 
restorative procedures are performed not only to 
repair and limit the damage from caries but also to 
protect and preserve the tooth structure. Under this 
context minimizing tissue removal during access 
cavity preparation seems logical as far as the objec-
tives of root canal treatment are not jeopardized. 
This means that clinicians need to adapt their skills 
and equipment to work more effectively through 
confined spaces. Under this framework the intro-
duction of the concept of a customized dynamic 
access cavity design seems extremely relevant.

a b

Fig. 3.11 Superimposition of TEC (purple), CEC (green), and NEC (red) access cavity in a three-dimensional simula-
tion that clearly underline the differences from an occlusal (a) and a lateral (b) visualization
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3.12  Dynamic Access Cavity 
Design

A dynamic access cavity design is different from 
the traditional predesigned shapes dictated by the 
most common anatomical variations of root canal 
anatomy. A dynamic access cavity design can take 
different forms according to the pathology, anat-
omy assessment and the evolution in materials 
and techniques used. The dynamic access always 
prioritizes the removal of carious and damaged 
tissues ahead of the negotiation to the pulp space. 
The pulp space negotiation that follows always 
starts from a pinpoint exposure and progressively 

is enlarged to facilitate the removal of all irrevers-
ibly inflamed pulp tissue or the removal of all 
necrotic tissues. Difficulties in the negotiation and 
disinfection of the anatomical extensions of the 
root canal system are managed by strategically 
extending the access openings towards the most 
convenient direction that will facilitate the clinical 
management. The shapes of the dynamic access 
openings will be continuously modified under the 
future technological developments that will take 
place in diagnosis, prevention, and management 
of apical periodontitis. An example of a stepwise 
dynamic access cavity in a mandibular molar can 
be seen in Figs. 3.12 and Fig. 3.13.

a b c

d e f

g h i

Fig. 3.12 (a) Preoperative clinical view of a second 
mandibular molar diagnosed with acute pulpitis; (b) step-
wise removal of amalgam filling prior to dentine removal; 
(c) caries removal and initial access to the pulp chamber; 
(d) dynamic stepwise enlargement of the access to nego-
tiate the mesial root canal system; (e) dynamic strategi-

cally extended access cavity to negotiate the distal root 
canal (to note the distal groove); (f) unobstructed negotia-
tion of the engine-driven file in the mesio-buccal canal; 
(g) unobstructed negotiation in all three canals; postop-
erative clinical view of the mesial root canals (h) and the 
distal canal (i)
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3.13  The Future Concept 
of Biological Repair of Access 
Cavities

Recently, the concept of the biological repair of 
the access openings after regenerative endodontic 
procedures was introduced [43]. The removal of 
tooth tissue, despite its subsequent restoration 
with dental materials, weakens the tooth by 
changing the stress intensity and distribution 
through tooth structures [44]. Moreover, the 
replacement of missing tissue with artificial 
means cannot possibly compete with the biologi-
cal replacement of the missing tissue with natural 
dental structures. Regenerative endodontics has 
the potential to induce not only continuous root 

development and dentin wall thickening but also 
the biological repair of access openings in close 
continuity with the axial walls and resistant to 
displacement forces [43]. This biological repair 
might account for true fortification of endodonti-
cally treated teeth (Fig.  3.14). This area of 
research should continue to have a high priority 
for support because of this potential. The modu-
lation of this potential and the development of 
clinical protocols that can result in this biological 
repair might eliminate the need to create durable 
interfaces between the artificial materials and 
natural dentin, which remains a challenge. 
However, until such a time comes when these 
techniques will become predictable and main-
stream, there will be interest in alternative meth-
ods of root fortification [45].

a b

c d

Fig. 3.13 (a) Preoperative periapical radiograph of a sec-
ond mandibular molar suffering acute pulpitis; (b) work-
ing length determination radiograph after performing a 

dynamic access to the root canal system; (c) unobstructed 
negotiation of the rotary files after strategically extension 
of the access cavity; (d) postoperative radiograph
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4.1  Minimally Invasive Shaping: 
A Matter of Size

Vertical root fractures (VRFs) are defined as lon-
gitudinal fractures that follow the vertical axis of 
the root [1]. VRFs can occur in both endodonti-
cally and non-endodontically treated teeth; how-
ever, the root canal treatment has been associated 
with the incidence of this phenomenon since 
1931 [2]. Even after almost a century, it is still a 
clinical complication of utmost importance, as it 
often leads to tooth extraction [3]. The current 
understanding points out a multifactorial basis 
for the causes of fractures in endodontically 
treated teeth [1]. Unfavourable occlusal load, 
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steep cuspal incline, deep fissures on the crown, 
overflared canals and supraosseous post and 
dowel placement have been traditionally related 
to VRFs [1]. In a broader sense, these factors can 
be considered as iatrogenic and non-iatrogenic 
causes, but the weakening of the teeth by dentin 
mass loss is supported by logical reasoning and 
by the weak scientific evidence that is currently 
available. The logical reasoning on this topic is 
plain and says that overall dentin mass loss, miti-
gates the ability of the tooth to resist intermittent 
masticatory forces in the long term. There is lab-
oratory evidence showing a direct correlation 
between the amount of dentin removed and root 
strength [4–6]. Disease processes or clinical pro-
cedures that lead to dentinal loss or eccentric 
canal shaping result in more stress in the apical 
direction and in the bucco-lingual plane of the 
root, which may impact the overall resistance to 
root flexure. Rundquist and Versluis [7] called 
attention to the influence of the taper on the root 
stress during masticatory loading. They con-
cluded that, in a tooth under compressive force, 
the maximum stress resulting from bending is 
predominantly observed at the cervical aspect of 
the root (cervical dentin), which may be related 
to coronal pre-flaring procedures. While it is 
undeniable that unnecessary loss of dentin tissue 
should be avoided, other factors such as root 
canal geometry and volume also impact on the 
resistance to fracture [8]. Therefore, it is under-
standable why the resistance of the root to flexion 
depends upon the distribution of dentin tissue 
around the canal wall.

Despite the passionate way that some defend 
that conventional canal mechanical instrumenta-
tion decreases the resistance of teeth to fracture, 
the current literature is composed by a limited 
amount of laboratory studies [9, 10], which 
means low-quality evidence to shape and guide 
the clinical decision-making process. Therefore, 
the idea of providing optimum dimensions for 
root canal mechanical preparation is one current 
ongoing concern in endodontic practice and 
science.

The degree of mechanical shaping is deter-
mined by the pre-operative dimensions of the 
root canal, the obturation technique, and the 

restorative treatment plan. However, the greatest 
focus today is being able to clean the root canal 
space while preserving maximum strength of the 
tooth. Within this framework, one may argue that 
current mechanical preparations should keep the 
canal dimensions as small as possible, since 
instrumentation per se is ineffective in cleaning 
and disinfecting the inner dentinal walls in irreg-
ular and hard-to-reach areas, such as fins and 
isthmuses of oval-shaped canals [11–16]. On the 
other hand, mechanical preparation needs to suf-
fice for creating an operational pathway to irri-
gate the root canal space. For that, a minimal but 
optimal size/taper is necessary to be set, which 
was not currently supported by reliable docu-
mented formal evidence.

Considering the as yet unclear situation of the 
minimal invasive approaches and rationales pro-
posed to render an endodontically treated tooth 
predictably functional, the present text focuses 
on the optimal size/taper relationship necessary 
to avoid unnecessary overflared canals and, at the 
same time, to allow the turbulence and solution 
exchange indispensable for the minimal cleaning 
and disinfection conditions to assure healing. The 
big picture is to address and discuss the close-to- 
optimum operative conditions to maximize tooth 
strength and longevity. Moreover, advances and 
developments in nickel-titanium (NiTi) technol-
ogy have allowed endodontics to move towards 
the minimally invasive dentistry paradigm.

4.2  Limitations of the Current 
Technology for Mechanical 
Shaping

The ongoing debate around the so-called mini-
mally invasive canal shaping is indeed a matter of 
physical size, and it can be summarized into a 
single question: What’s the optimal minimal 
canal size preparation?

The problem emerges with the limitations of 
current technology for canal shaping. Ideally, 
adequate mechanical instrumentation should uni-
formly plane the entire perimeter of the root 
canal—a kind of scrubbing action on the canal 
walls—thus completely removing the inner lay-
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ers of heavily contaminated dentinal tissue. This, 
in turn, will ensure an effective removal of as 
much of the remaining soft tissue and bacterial 
biofilm as possible, which may predispose to 
cause or perpetuate disease, influencing the out-
come of treatment [17–19]. However, current 
rotary and reciprocating NiTi systems are only 
able to prepare the main root canal space into a 
circular final shape, because the instrument can-
not adapt to the irregular cross-section area of the 
canal; thus, they leave most buccal and lingual 
extensions unprepared [11–16, 20]. It is of note 
that this phenomenon cannot be observed in two- 
dimensional clinical periapical radiographs, 
which represent only the bucco-lingual projec-
tion. On the other hand, it can be easily observed 
in histological cross-sections and in the results 
from high-definition microtomography (micro-
 CT) studies [11–16, 20], which have underlined 
the suboptimal standard of mechanical prepara-
tion by the current NiTi systems. Using non- 
destructive micro-CT technology, it has been 
systematically shown that the amount of mechan-
ically prepared root canal surface is frequently 
below 60% [11–16, 20–22].

In short, available NiTi systems leave a sub-
stantial amount of untreated dentin areas; there-
fore, it is possible to say that the current 
technology for canal shaping is satisfactory from 
a mechanical point of view, but way limited from 
a biological standpoint. This situation is illus-
trated in the sequence of Fig. 4.1. The first image 
(a) shows a histological cross-section of a given 
oval-shaped canal and the black line in the sec-
ond image (b) roughly shows what the original 
anatomy of this canal should be—the canal 
before mechanical preparation. The green circle 
shows what is possible to obtain with the avail-
able NiTi preparation systems. The debrided 
area always follows this very same pattern, 
because, as far as the NiTi instrument penetrates 
towards the apex, the resulting force pushes the 
instrument towards a single direction, where cir-
cular cutting occurs. This means that a lot of 
sound dentinal tissue is cut (as shown in blue in 
[c]) and, at the same time, a lot of contaminated 

a

b

c

Fig. 4.1 Graphic illustration that exemplifies the dynam-
ics that affect all mechanized systems currently available 
in the preparation of oval-shaped canal. In (a), we have a 
histological section of the canal with oval section. In (b), 
the black line illustrates what the original canal anatomy 
looked like. The green area shows the region of dentin that 
the mechanized system has cut. Any commercially avail-
able rotary or reciprocating system penetrates into the root 
space, following the same pattern as the resulting forces 
of this process require the instrument to settle and press on 
one side of the canal and only touching a fraction of the 
original root space (c). This process reveals that much 
healthy dentin tissue is eliminated (c, blue area), while a 
considerable area that should be mechanically debrided is 
not removed due to the limitation of NiTi instrument tech-
nology (c, red area). Thus, the so-called real efficiency 
area of the mechanical debridement process is only 40%, 
in a hypothetical situation of an oval canal like this exam-
ple (c, yellow area)

4 Minimally Invasive Root Canal Instrumentation



70

dentin is left behind, as shown in the red area in 
(c). Only the yellow area is the effective cutting 
promoted by the NiTi preparation, which typi-
cally means that only around 40% of the effec-
tiveness of mechanical debridement is possible 
in a typical oval-shaped canal like the current 
example.

Accordingly, the messages are crystal clear:

 1. NiTi instruments only act on the central body 
of the canal, leaving almost all irregular areas 
untouched and undebrided. As such, the bac-
teria biofilm cannot be scrubbed out from 
most dentinal walls in a normal oval-shaped 
canal.

 2. This background puts too much responsibility 
on the shoulders of irrigation, which has its 
own limitations.

 3. Sound dentinal tissue is unnecessarily lost 
during shaping procedures. Future develop-
ments on mechanical shaping should be 
strictly focused on improving the scrubbing 
action and being able to uniformly plane the 
entire perimeter of the canal as much as 
possible.

Mechanical canal preparation is invasive in 
nature and different degrees of dentin removal 
may occur as different instrumentation tech-
niques and systems are used, which may alter the 
biomechanical response of teeth [23]. So, future 
work should focus on the quest for a balance in 
the ratio of canal enlargement to close-to-optimal 
irrigation.

4.3  Preservation of Pericervical 
Dentin—Is Coronal Pre- 
flaring Still Necessary?

Coronal pre-flaring, canal scouting and glide path 
are early steps in mechanical canal preparation. 
Coronal pre-flaring can be defined as an exten-
sion of the access cavity into the cervical-most 
third of the canal space. Flaring the coronal por-
tion of a narrow, calcified or difficult-to-access 
root canal affords several benefits by the reloca-
tion of the canal pathway, such as:

 1. Improving tactile sensation and control by 
removing cervical calcifications and dentin 
overhangs, which allows unimpeded access 
for the apical third stream, canal scouting and 
apical patency procedures.

 2. Facilitating larger instruments to reach the 
apical critical zone more loosely.

 3. Reducing procedural errors such as loss of 
working length and canal transportation.

 4. Optimization of infection control for twofold 
reasons: (a) most of bacteria is located in cer-
vical and middle thirds of the root canal. Thus, 
coronal pre-flaring removes most of bacteria 
present in the root canal space early in treat-
ment, contributing to the optimization of 
infection control and (b) coronal pre-flaring 
also allows deeper insertion of the irrigation 
needle in the earlier stages of cleaning and 
shaping procedures, which optimizes the irri-
gation. The enlarged area created by coronal 
pre-flaring acts as an escape space for the irri-
gating solution, enabling a better flow and 
reflux of the irrigating solution [24–26].

 5. Better control of the incidence of post- 
operative pain due to less bacterial extrusion 
through the apical foramen.

 6. Better control of instrument fracture. Ehrhardt 
et al. [27] performed 556 treatments and dem-
onstrated that the use of MTwo system (VDW, 
Munich, Germany) after coronal pre-flaring 
revealed a low fracture rate, even reusing the 
instrument five times.

 7. Coronal pre-flaring leads to more accurate 
apical sizing [28], and this information can be 
useful to define an appropriate final diameter 
for apical shaping.

Independently of all aforesaid advantages of 
the pre-flaring procedure, overflaring of canals by 
unbalanced enlargement of its coronal region 
through overusing large instruments can weaken 
the root. Ultimately, it can compromise the out-
come of the root canal treatment due to the amount 
of dentinal tissue removed in this key and strate-
gic structural region, the so-called pericervical 
dentin (PCD). The preservation of this region can 
be even more important to maintain strength of 
endodontically treated teeth as compared to very 
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reduced occlusal access preparations [29]. 
Overall, logical reasoning claims that the loss of 
PCD implies in the weakening of root structure 
and decreased resistance to VRF.  Actually, the 
more a canal is tapered and flared in the coronal 
region, the weaker the root tends to be. PCD was 
defined by Clark and Khademi [30] as “the dentin 
near the alveolar crest. This critical zone, roughly 
4 mm coronal to the crestal bone and extending 
4 mm apical to it, is crucial to transferring load 
from the occlusal table to the root, and much of 
the PCD is irreplaceable”. The authors move 
ahead saying that no man-made material can 
compensate the tooth structure lost in key areas 
of the PCD.

With all exposed plus the popularization of 
NiTi rotary files, it is easy to understand the rapid 
influx of new instruments specifically designed 
to perform a better-balanced coronal pre-flaring 
procedure. The introduction of superelastic alloys 
associated with variable taper instruments (not 
following the international ISO standardization 
system) and an improved cutting ability by an 
S-shape design has opened up a new technical 
possibility for the coronal pre-flaring procedure. 
Besides being specially designed to perform cor-
onal pre-flaring procedures, some NiTi rotary 
instruments—defined as orifice shapers such as 
ProFile (Dentsply Tulsa Dental; Tulsa, OK, 
United States) or Vortex orifice openers (Dentsply 
Tulsa Dental)—have never really become popu-
lar, and none of them has become the archetypal 
instrument for the coronal pre-flaring procedure.

The introduction of reciprocating systems in 
late 2010 brought the possibility of a new 
approach for the coronal pre-flaring procedure, as 
a single variable regressive taper reciprocating 
NiTi instrument is able to enlarge the main root 
canal space into a minimum acceptable taper 
size. This approach is able to perform a signifi-
cantly more conservative coronal pre-flaring 
procedure.

Coronal pre-flaring performed with a single 
reciprocating instrument is done synchronously 
with the canal glide path. This way, it is possible 
to didactically list four advantages of coronal 
pre- flaring directly performed with a single recip-
rocating instrument:

 1. More conservative coronal preparation due to 
the regressive taper of the single reciprocating 
instrument.

 2. Better technical workflow as a function of less 
transoperative stages and few instruments 
used.

 3. Shorter learning curve.
 4. Improved safety by the use of the reciprocat-

ing movement per se.

Thus, it is not erroneous to consider the coro-
nal pre-flaring done with a single regressive taper 
reciprocating instrument as an efficient technical 
approach, aligning the most up-to-date concepts 
of mechanical shaping and also valuing preserva-
tion of unreplaceable dental tissues.

4.3.1  The Role of the Danger Zone

One of the critical points of the mechanical dam-
age normally caused by over-instrumentation on 
an already thin dentinal wall is that it may seri-
ously compromise the outcome of root canal 
treatment [31]. This kind of damage is essentially 
mid-root perforations or excessive loss of dentin, 
which have been historically related to the distal 
area of mesial roots of mandibular molars and, 
based on that, Abou-Rass et al. [32] introduced 
the concept of the “danger zone” (DZ) in the 
early 1980s. In fact, these authors formally 
reported what experienced clinicians already 
knew-often: mesial canals of mandibular molars 
do not assume a central position in the root with 
the distal area between the canal and root bifurca-
tion being relatively thin, the so-called DZ, which 
is more vulnerable to strip perforations. On the 
other hand, the safety zone was described as the 
mesial area of the mesial root with a thicker den-
tine layer, which is often minimally instrumented 
by endodontic instruments.

In short, Abou-Rass et al. [32] pointed out the 
importance of this anatomical area during canal 
shaping. Nowadays, the concerns around the DZ 
have moved towards dentinal preservation of the 
critical cervical region since this over-weakening 
of the root seems to mitigate the overall fracture 
resistance standard of teeth. This topic is addressed 
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further where the taper of the mechanical prepara-
tion is discussed.

4.4  Evolution of NiTi-Based 
Preparations

4.4.1  NiTi Alloys

The use of NiTi alloy to produce instruments for 
root canal mechanical preparation has raised end-
odontic practice to a new level, revolutionizing it 
conceptually, practically and also economically. 
The NiTi technology made it possible to relate 
the geometric configuration of the instrument 
with the main anatomical features of the root 
canals, such as the angle and radius of curvature. 
Moreover, canal shaping became more central-
ized, giving a more precise adjustment to the 
canal anatomy and adequate modelling [33, 34] 
(Fig. 4.2). In addition, the mechanical properties 
and intrinsic characteristics presented by the NiTi 
alloy made it possible to use safety-mechanized 
canal shaping in a reduced treatment time with 
shorter learning curve [35, 36].

The NiTi alloy was developed by William 
Buehler in the United States in 1960, and it was 
firstly named NiTiNOL, an acronym for nickel 
(Ni), titanium (Ti) and Naval Ordinance Laboratory 
(NOL) [37]. In dentistry, Andreasen and Morrow 
[38] performed its initial application in orthodon-
tics due to its low modulus of elasticity, shape 
memory effect and super flexibility. In 1975, 
Civjan and colleagues [39] published a manuscript 
containing suggestions for applying this new alloy 
in different dentistry specialties, including end-
odontics. The authors concluded that, due to the 
low modulus of elasticity, the construction of 
instruments with this alloy would allow the 
mechanical preparation of curved canals more 
efficiency and with less iatrogenic risks than using 
conventional manual stainless- steel instruments. 
The first experimental endodontic instruments 
made from NiTi orthodontic wires were found to 
have two to three times more elastic flexibility in 
bending, as well as superior resistance to torsional 
fracture, when compared to similar instruments 
manufactured using stainless- steel [40].

The NiTi alloys used in the manufacturing of 
endodontic instruments have near-equiatomic 
nickel and titanium proportions [40]. NiTi alloys 
contain three microstructural phases named aus-
tenite, martensite and R-phase, and the amounts 
of these phases determine the overall mechanical 
properties of the alloy [41]. The transformation 
of austenite into martensite (classic martensitic 
transformation) is caused by the alloy’s ability to 
modify its atomic arrangement. The alteration of 
its crystalline microstructure and transformation 
characteristics directly influence the mechanical 
properties. Martensite, the low-temperature 
phase, is relatively soft and ductile, can be easily 
deformed and possesses the shape memory effect 
(SME) [41, 42]. In contrast, austenite, the high- 
temperature phase, is relatively stiff and hard, 
and possesses superior superelasticity (SE) [41–
43]. The phase composition of the NiTi alloy is 
dependent on the ambient temperature and 
whether the alloy is cooled or heated to this tem-
perature (Fig. 4.3). If the temperature is above the 
austenite finish temperature (Af), the NiTi alloy is 
in the austenitic state. If the temperature is below 
the martensite finish temperature (Mf), the NiTi is 
in the martensitic state [41–43].

Among the main characteristic properties of 
the NiTi alloy used to manufacture endodontic 
instruments are the SME and SE [43–45]. SME is 
characterized as a property that, after relatively 
high deformations at temperatures below the full 
formation of martensite, instruments use to regain 
their original shape and size through subsequent 
heating at temperatures where austenite forma-
tion occurs (Figs.  4.4 and 4.5). In other words, 
SME is the ability of the NiTi alloy to recover its 
original shape when heated above the martensite- 
to- austenite transformation temperature. While 
the SE is characterized by the ability of the alloy 
to recover its original shape, even after large 
strains, it only occurs with the removal of tension 
without the need for heating (Fig. 4.6). Bending 
instrument and after applying forces, the instru-
ment regains its original shape [44, 46].

In the last years, manufacturers have been per-
forming additional metallurgical treatments on 
the NiTi alloys of instruments in order to improve 
their clinical performance. Among the most used 
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Fig. 4.2 Representative 
3D reconstructions of 
the external and internal 
anatomy of curved 
mesial roots of 
mandibular molars, 
before and after root 
canal preparation. 
Changes in overall canal 
shape are visible in the 
superimposed root 
canals before (green) 
and after (red) 
mechanical preparation

4 Minimally Invasive Root Canal Instrumentation



74

treatment procedures are electropolishing and 
heat treatment. Electropolishing is the process of 
electrolytically removing components from 
metal parts in a highly ionic solution using an 
external source of electrical current. In this pro-
cess, a very thin layer of material on the surface 
is removed, resulting in the reduction of microas-
perities that characterizes metal surfaces. The 
electropolishing of NiTi mechanized instru-
ments, besides improving the finish of its metal-
lic surface, also makes it more rigid [47–49].

Moreover, technological advances in the ther-
mal management of NiTi alloy have allowed the 
development of instruments with altered crystal-
line compositions, which means alloys in inter-
mediate stages between the austenitic and 
martensitic phases, containing substantial stable 
martensite phase under clinical conditions [50]. 
Some examples of thermal treatments are the 
M-wire (Dentsply Tulsa Dental), R-phase 
(SybronEndo, Orange, USA), CM-wire (DS 
Dental, Johnson City, USA), EDM (Coltene/
Whaledent AG, Altstätten, Switzerland), Gold 
and Blue treatments (Dentsply Tulsa Dental), 
T-wire (MicroMega, Besancon, France), and 
MaxWire (FKG Dentaire, La Chaux-de-Fonds 
Switzerland). While M-wire and R-phase instru-
ments maintain an austenitic state, CM-Wire, 
Gold and Blue heat-treated instruments are com-
posed of substantial amounts of martensite. 

MaxWire is in the martensitic state at room tem-
perature and changes to the austenitic state at 
intracanal temperature.

From a practical point of view, all new thermo- 
mechanically treated NiTi alloys available on the 
market demonstrated increased fatigue resistance 
and flexibility when compared to conventional 
NiTi alloys [51–57]. It is well known that mar-
tensitic alloys also possess higher flexibility than 
austenitic ones [42, 56]. Due to its improved flex-
ibility, these martensitic instruments are  indicated 
in the presence of extreme curvatures (Fig. 4.7). 
Another advantage of heat treatment is that these 
instruments can better maintain the root canal 
anatomy, so they are supposed to have an equal or 
better quality of root canal preparation [15, 58–
60]. A recent study from Bürklein et al. [61] has 
demonstrated that both M-wire instruments and 
their Gold and Blue corresponding files have 
maintained the original canal curvature well with 
no significant differences and without fracturing. 
This means that M-wire files are already flexible 
enough to maintain root canal curvature, but pre-
sumably in most difficult root canals, the more 
flexible Gold and Blue alloys would better main-
tain the anatomy. Gold and Blue thermo-mechan-
ically treated files also have better centring ability 
in both coronal and apical portions with minimal 
transportation [61], which is a clear advantage 
from a minimally invasive perspective (Fig. 4.8). 
The pre-bendability of a martensitic file is help-
ful to have better access in difficult cases. In a 
small mouth opening, a martensitic instrument 
can be pre-bent to have an easier direction, being 
more conservative in the coronal portion without 
performing early coronal enlargement and 
straight-line access. In addition, pre-bending 
these files for difficult cases permits to overcome 
ledges or complicated apical anatomy, such as 
abrupt curvatures.

However, there are also some limitations of 
heat-treated alloys. The major limitation of a 
martensitic state instrument is that the martens-
itic phase has a low transitional temperature, so 
it requires less energy for deformation. This 
means that plastic deformation and unwinding of 
these instruments can be more often experienced 

Fig. 4.3 Temperature hysteresis diagram of NiTi alloy. 
Mi martensite start temperature, Mf martensite finish tem-
perature, Ai austenite start temperature, Af austenite finish 
temperature
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(Fig.  4.9). Martensitic thermally treated instru-
ments have a higher angle of rotation to fracture, 
so they can be rotated more before fracture; the 
force needed to deform and fracture them is 
lower [57, 62, 63]. Less stress is needed to 
deform these files inside the root canals; how-
ever, even deformed, they will fracture later. 
Martensitic files are very flexible and therefore 
perfect for highly curved root canals; however, 
extremely flexible instruments may have less 

cutting ability. For this reason, these types of 
instruments may be difficult to advance in very 
strict root canals, enhancing the risk of distor-
tion. In contrast, austenitic instruments reveal 
high torque values at fracture; thus, these files 
might be useful to shape straight or slightly 
curved constricted root canals. Therefore, it is 
important to find a balance between mechanical 
properties and flexibility and the resistance to 
torsion.

a

b

c

Fig. 4.4 (a) NiTi alloy 
wire in the original 
shape; (b) deformed 
NiTi alloy; (c) NiTi 
alloy recovering the 
original shape after 
being heated above the 
martensite-to-austenite 
transformation 
temperature
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a b c

Fig. 4.5 (a) NiTi martensitic instrument in the original shape; (b) deformed NiTi instrument; (c) NiTi instrument 
recovering the original shape after being heated above the martensite-to-austenite transformation temperature

a

b

Fig. 4.6 (a) Stainless-steel instrument after the application of tension being plastically deformed; (b) NiTi instrument 
recovering its original shape after applying forces
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4.4.2  Shaping Kinematics

In addition to the advancements related to NiTi 
alloys, innovative kinematics were developed 
with the purpose of overperforming the conven-
tional continuous rotation. Nowadays, recipro-
cating movement stands as a reliable and feasible 
alternative to the conventional continuous rota-
tion [64]. In fact, reciprocating kinematics have 

been extensively described and tested in mechan-
ical endodontic procedures for stainless-steel 
files since the 1960s [65–74]. This “first mode” 
of reciprocating movement is based on symmetri-
cal oscillation, in which the forward cutting angle 
is the same as the backward release angle (i.e. 
30° clockwise followed by 30° counterclockwise 
or 45° clockwise followed by 45° counterclock-
wise). This kinematic was basically used for 

Fig. 4.7 An upper premolar with an extreme double 
curvature

Fig. 4.8 A first upper molar treated with martensitic Blue 
files demonstrating respect of the original anatomy and a 
conservative approach

Fig. 4.9 Deformed files from several different brands
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stainless-steel instruments and now it is mainly 
used for mechanical scouting with stainless-steel 
instruments. In 2008, Yared proposed an approach 
to the use of the ProTaper F2 instrument (Dentsply 
Maillefer, Baillagueis, Switzerland) in a recipro-
cating movement [75] as an alternative to the 
conventional continuous rotation. This “second 
mode” of reciprocating kinematics is a partial or 
asymmetrical reciprocation, in which the forward 
angle is bigger than the backward angle. Doing 
this movement continuously generates a positive 
angle, so that a “rotary effect” can be maintained. 
This means that the reciprocating movement 
maintains the tendency to naturally advance 
towards the apex because of the “rotary effect”.

Asymmetrical reciprocation kinematics can 
be performed using different types of angle com-
binations (e.g. 60–40°, 108–72° or 150–30°), 
which overall relieves stress on the instrument by 
a forward (cutting action, the instrument advances 
in the canal and engages dentin to cut it) and a 
backward (release of the instrument, which is 
immediately disengaged releasing the stress) 
movement [64]. This new kinematics extended 
the lifespan of NiTi instruments when compared 
to continuous rotation [36, 76, 77]. When 
actioned in reciprocating kinematics, the instru-
ments travel a shorter angular distance than con-
tinuous rotation instruments, being subject to 
lower stress values, which extends its fatigue life 
[36, 76, 77]. Reciproc (VDW), Reciproc Blue 
(VDW), WaveOne (Dentsply Maillefer) and 
WaveOne Gold (Dentsply Maillefer) are the main 
examples of modern commercially available NiTi 
systems for root canal preparation using asym-
metric reciprocating motion.

There are several advantages of using recipro-
cating kinematics instead of continuous rotary 
kinematics. The opening is the possibility of a 
single variable tapered reciprocating NiTi instru-
ment able to enlarge the root canal into a mini-
mally acceptable taper size, which is indeed 
appealing by the oversimplification of technical 
workflow procedure and reducing the overall 
learning curve. Under a cost-effective perspec-
tive, the use of a single disposable NiTi instru-
ment is also advantageous over conventional 
multi-file rotary systems.

In addition, there is a strong body of evidence 
showing that reciprocating-based mechanical 
preparations are safer than conventional continu-
ous rotation [36, 76–79]. Studies reported a lower 
incidence of fracture for reciprocating instru-
ments (0.13–0.26%) rather than rotary files; thus, 
reciprocation is considered a safer movement 
[80–82]. It is of note that this safer shaping in 
clinical usage is directly related to an improved 
fatigue resistance shown by reciprocation over 
conventional continuous rotation. Actually, this 
was an unexpected but welcome “side-effect” 
once reciprocation was introduced to reduce tor-
sional failures, but it also increased the resistance 
to cyclic fatigue failure and consequently the 
lifespan of instruments [36, 76–78]. Torsional 
failure occurs when the tip of the instrument is 
locked in the canal, while the shaft continues to 
rotate. If the elastic limit of the metal is exceeded, 
the instrument undergoes plastic deformation, 
which can be followed by fracture if the load is 
high enough. When submitted to reciprocation 
kinematics, an instrument has reduced torsional 
stress, since during the reciprocating movement 
the instrument engages dentin during the cutting 
movement, whereas the opposite movement dis-
engages the instrument immediately afterwards. 
Moreover, an instrument used in reciprocation 
lasts longer used in a curvature rather than the 
same instrument used in rotation [77]. A rear-
rangement of the NiTi molecular structure of the 
instrument during the forward and backward 
movements may happen. Moreover, the back-
ward movement tends to reduce the propagation 
of initial cracks in metal, thus reducing the pos-
sibility of fracture by cyclic fatigue [77]. The 
more bent the curvature is, the higher the risk of 
fracture for cyclic fatigue. But reciprocating files 
are safe to be used in most curved root canals. 
Since the instrument’s lifespan is increased by 
the reciprocating movement [36, 76–78], a higher 
number of root canals can be prepared in a safer 
way than under continuous rotary movement.

The reciprocating movement has the same or 
even more cutting efficiency than full rotation. 
Since the first moment, doubts were raised if the 
reciprocating movement would reduce cutting 
efficiency as, until that moment, continuous rota-
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tion was considered the optimal movement from 
a cutting efficiency point of view. However, evi-
dence demonstrated that the same file used both 
in rotation and in reciprocation has the same cut-
ting ability [83, 84].

Moreover, reciprocating kinematics allows an 
equal or better quality of preparation. An instru-
ment used in reciprocation has an improved shap-
ing ability as compared to the same instrument 
used in continuous rotation. A recent study dem-
onstrated that a reciprocating file remains better 
centred inside the root canals when compared to 
a rotary file [85]. The superior shaping ability 
promoted by the reciprocating movement is espe-
cially true for instruments with bigger sizes, 
which yields less canal transportation [86]. 
Smaller files are not the problem, as they are flex-
ible enough to be used in both rotation and recip-
rocation without any clue of canal transportation. 
For single-file techniques, the main reason for 
these results is that a single-file is usually bigger 
than the root canal, so it can touch at least two of 
the opposite sides of the canal walls, the inner 
and the outer portion, cutting them equally. It 
resembles the classical “balanced force” tech-
nique by Roane et al. [87] for stainless-steel man-
ual files, which was proposed to allow bigger 
instrument sizes going beyond the canal curva-
ture with controlled canal transportation.

There are two main criticisms of reciprocation 
preparations: (i) instruments would be more prone 
to promote the development or propagation of 
dentinal microcracks and dentinal damage than 
conventional full-sequence rotary systems and (ii) 
the accumulation and apical extrusion of debris.

The idea that the reciprocating preparation is 
more related to root dentinal defects is based on 
the rationale that using only a single, large- 
tapered reciprocating instrument, which cuts sub-
stantial amounts of dentin in a short period of 
time, is more aggressive than conventional rotary 
preparation, which comprises a more progressive 
and slower cutting of the root dentinal tissue. 
However, the scenario was created by studies 
based only on root sectioning methods and direct 
observation by optical microscopy [88–94] 
(Fig.  4.10). These methods undoubtedly have a 
noteworthy drawback related to the destructive 

nature of the experiment. Despite the fact that the 
control groups, which used unprepared teeth, 
seemed to validate these results because no den-
tinal defects could be detected, this sort of con-
trol does not take into account the potential 
damage produced by the interplay among three 
sources of stresses on the root dentin [95]:

 1. The mechanical preparation.
 2. The chemical attack with sodium hypochlorite- 

based irrigation.
 3. The sectioning procedures per se.

As time went by, it was demonstrated that the 
correct technology to study microcracks is the 3D 
micro-CT non-destructive analysis. By using this 
method, De Deus et al. [95] showed a clear lack of 
causal relationship between dentinal microcracks 
development and canal preparation with both 
rotary and reciprocating systems (Fig. 4.11). This 
conclusion was later confirmed by other studies 
from different groups worldwide using the same 
methodology [96–100]. In addition, more recently, 
it was demonstrated by the association between the 
micro-CT analytical platform and a cadaveric 
experimental model that the so-called root dentinal 
microcracks, observable in the cross-sectional 
images, are indeed a phenomenon that belongs to 
the framework of extracted storage teeth [101] 
(Fig.  4.12). In other words, root dentinal micro-
cracks are not a true clinical phenomenon, and as 
such, there is no more room for concerns.

The worldwide rise of reciprocating systems 
led to another potential drawback: single-file 
mechanical preparations cutting significant 
amounts of dentin in short periods of time are 
prone to force more debris, dentin chips, irrigants, 
remaining pulp tissue, bacteria, and their by-prod-
ucts through the apex. The basis for this assump-
tion is the clinical impression that reciprocation is 
an overall forceful movement, which may act as a 
mechanical piston, pumping debris and irrigants 
through the apex. However, at least to some mea-
sure, this assumption may not have a well-built 
background, since reciprocation tries to mimic 
balanced force technique kinematics, which is 
well known as being a pressureless movement 
pushing less material periapically [102].
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Fig. 4.10 Representative images of root canal slices showing the presence of cracks (arrows) after root canal preparation

Fig. 4.11 Representative cross-section images of mesial roots of mandibular molars showing the presence of cracks 
(arrows) before and after preparation of the mesiobuccal and mesiolingual canals
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The issue takes place because the flutes of 
reciprocating instruments are designed to remove 
debris only in a single direction. In the frame-
work of rotation, the forward movement continu-
ally removes dentinal debris coronally, and this is 
the potential reason why rotary files make a point 
in this regard. This means that, theoretically, 
movement kinematics itself may play a role in 
packing the debris into the irregularities of the 
root canal space and pushing them beyond the 
apex as a consequence of the backward move-
ment (relief angle). The counter-argument says 
that more technical steps tend to extrude more 
debris and irrigants. This means that, at the end of 
canal shaping, conventional rotary multi-file sys-
tems will extract more undesired material than a 
single-file preparation.

Several studies have tried to shed some light on 
this topic [102–111], but the existing research 

conclusions remain inconclusive. A recent com-
prehensive review of the literature [59] concluded 
that there is no influence of the movement on the 
accumulation and extrusion of dentinal debris. 
Therefore, there is no robust evidence that recip-
rocating files extrude more debris, even if this 
motion is prone to push debris down. In vivo stud-
ies [103, 112] have evaluated the possible effects 
of debris extrusion by measuring the substances 
released by the human periodontal ligament and 
the inflammatory procedures created by different 
root canal preparation techniques. The first results 
pointed out that hand-file instrumentation created 
a significantly higher inflammatory response as 
compared to both WaveOne and Reciproc recipro-
cating techniques. Moreover, WaveOne instru-
ments were more related to higher inflammation 
than Reciproc, possibly due to differences in the 
design between these files. WaveOne and Reciproc 

Fig. 4.12 Cross-sectional images of coronal, middle and apical thirds of roots of maxillary premolar teeth before and 
after root canal preparation
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movements are quite the same, while the triangu-
lar design of WaveOne is probably less effective 
in removing debris, because its larger metal core 
reduces the depths of the blades and, conse-
quently, the space to carry debris coronally [103]. 
The second study compared the expression of 
substance P and calcitonin gene-related peptide in 
healthy human periodontal ligaments from pre-
molars after root canal preparation with Reciproc 
Blue, WaveOne Gold, XP-endo Shaper and hand 
files, and demonstrated lower neuropeptide 
release for reciprocating files when compared to 
both XP-endo Shaper and hand files instrumenta-
tion [112]. There are also other two in vivo studies 
that demonstrated that reciprocating instruments 
had similar impacts on the quality of life of 
patients in primary treatments when compared to 
rotary files [113], while reporting lower values of 
post- operative pain when compared to rotary files 
in retreatments [114].

Therefore, in a general manner, the interplay 
among several factors of reciprocating systems 
such as instrument design, improved alloy, fewer 
instruments, high cutting ability, and reciproca-
tion kinematics can be used to support their clini-
cal usage regarding the apically extruded debris 
issue [59]. Last but not least, the positive clinical 
results on post-operative pain restates that the 
amount of apically extruded debris is well con-
trolled and, for sure, clinically tolerated.

Due to its previously described advantages, 
mainly due to excellent shaping performance 
plus a lower instrument fracture rate, associated 
with an absence of disadvantages when com-
pared to continuous rotary kinematics, it is pos-
sible to affirm that reciprocating kinematics per 
se is today the most minimally invasive activation 
mode for NiTi canal preparation.

4.5  Apical Size and the Limits 
of Shaping

The presence of microorganisms inside the root 
canal system space has been widely documented 
as the major determining factor influencing the 
outcome of root canal treatment [115–117]. Thus, 
control of bacteria loads is the seminal goal of 

endodontics [118, 119]. Debridement and disin-
fection protocols search to optimize intracanal 
bacterial load reduction, as well as vital or necrotic 
pulp tissue removal, that may serve as substrate 
for pulp space bacterial recontamination [120, 
121]. The complexity of the root canal system 
space is well reported and known [122, 123], rep-
resenting the major challenge for root canal treat-
ment protocols. The presence of hard-to-reach 
areas, such as isthmuses, irregularities, ramifica-
tions and accessory canals, root dilacerations and 
fusions, or even developmental anomalies, such 
as dens invaginatus, may lead to strong limita-
tions in the clinical approach [124].

One of the most relevant areas when consider-
ing the necessity of mechanical debridement and 
disinfection is the apical area. The working 
length determination is a clinical step that is sus-
ceptible to being controlled by the clinician but 
difficult to be performed with precision. 
According to Grove [125], the working length 
should, ideally, have its apical limit at the 
cemento-dentinal junction, since this is the hard 
tissues landmark that best approaches the soft tis-
sues zone, which corresponds to the transition of 
pulp to periodontal tissues. However, this perim-
eter of this anatomical area can be extensive and 
variable [126]. Thus, the apical constriction has 
been presented as the anatomic apical limit, 
where the root canal instrumentation and obtura-
tion should be finished [127]. Important histo-
logical studies on apical anatomy, developed in 
the second half of the past century [128], noticed 
that the anatomical apex, apical foramen and api-
cal constriction were different morphologic land-
marks with different locations among them. 
Moreover, the area of minor diameter, or apical 
constriction, usually near the cemento-dentinal 
junction, displayed an average distance to the 
centre of the apical foramen of 0.524 mm [128]. 
The distance between the anatomical apex and 
the apical constriction may vary from 0.07 mm to 
2.69 mm, with an average distance of 0.89 mm 
[129]. However, recent robust micro-CT-based 
studies revealed that these differences might even 
be larger [130] and also different anatomic con-
figurations of the apical constriction have also 
been described.
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Considering the variations, emphasis was 
given in understanding this not only in the dis-
tance between the apical constriction and the 
anatomical apex but also in the apical typology. 
The exact location of the apical constriction is 
extremely difficult to establish in clinical prac-
tice. Today, there is no doubt about the superior-
ity of electronic apex locators working length 
determination over the traditional radiographic 
method of determining the apical constriction 
[131, 132]. Actually, the combined method of 
using the electronic apex locator plus radio-
graphic confirmation is the most reliable approach 
to determine the apical limit of instrumentation 
[132]. In the 1960s, Ingle [133] proposed the api-
cal constriction as the apical limit of root canal 
instrumentation, which became a classic concept 
in endodontics. Since the narrow diameter posi-
tion of the apical constriction does not match the 
radiographic apex, the author recommends that 
the working length determination should be per-
formed 0.5–1.0  mm short with regard to the 
radiographic apex. Moreover, the shaping and 
filling procedures performed at the apical limit 
through the X-ray could be easily considered as 
over-instrumentation and overfilling. Ricucci and 
Langeland [127] have performed a histological 
evaluation of the periapical tissues in humans at 
several follow-up periods after root canal treat-
ments. They noticed that, independently of the 
pulp diagnosis, the results were more favourable 
when root canal instrumentation and filling had 
their apical limit at the level or slightly short of 
apical constriction. Regardless of the symptoms, 
the inflammatory reaction was always observed 
when overfilling was present.

Two problems might be associated with the 
apical limit of the instrumentation: the complex 
morphology itself and the fact that this complex 
anatomy may harbour biofilm, which may dic-
tate a poor root canal treatment outcome. 
Minimizing the impact of infection on treatment 
outcomes may be performed through careful 
apical chemo-mechanical instrumentation. 
Although the choice of the apical constriction 
might be more easily accepted by both clinical 
and scientific communities as the reference point 
for the apical limit of root canal preparation, the 

desirable size of the apical preparation still 
remains controversial. Taking into consideration 
the documented sizes of apical constriction 
[128], apical preparations to ISO sizes from 
0.25 mm to 0.35 mm have been recommended 
[133–135]; however, this approach is easy ques-
tionable, considering the amount of unprepared 
intracanal surfaces left behind [136]. Weiger 
et al. [137] performed an in vitro assessment of 
the most appropriate apical enlargement for both 
maxillary and mandibular molars using 212 root 
canals. The authors concluded that enlarging to 
more than 0.40 mm above the original apical size 
in maxillary palatal and mandibular distal canals 
would lead to a complete circumferential prepa-
ration of the original apical morphology in 78% 
of cases, while the enlargement to more than 
0.30  mm in maxillary buccal and mandibular 
mesial canals was able to completely instrument 
the apical morphology in 72% of cases. 
Moreover, the apical preparation to more than 
0.60  mm above the original apical size would 
lead to 98% of cases with a complete circumfer-
ential preparation of the original apical anatomy. 
Globally, this represents 6–8 sizes above the first 
apical binding file. Although the authors have 
stated that root canals should be instrumented to 
larger sizes than normally recommended, it is 
also important to notice that this may be associ-
ated with a higher risk of iatrogenic errors, such 
as zips, ledges or perforations. These risks are 
much less common when using NiTi instruments 
[138]; however, they can still occur, especially in 
over- preparations, independently of the kine-
matic used [139].

Although the capacity to mechanically shape 
the apical portion of the root canal is of major 
clinical importance, infection control appears to 
be the seminal condition to trigger the healing 
process and determine the treatment outcome. 
Taking this into consideration, some authors 
addressed bacterial load reduction depending on 
the apical enlargement. Mickel et al. [140] per-
formed the inoculation of 100 single-rooted 
teeth with Enterococus faecalis, followed by 
instrumentation to 1, 2 and 3 sizes above the 
first crown-down file to reach the apical limit. 
The authors concluded that there was a signifi-
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cant increase in the number of samples with 
negative cultures in the larger apical sizes. 
Rodrigues et  al. [141] performed the apical 
preparation up to the first and third instrument 
of a rotary system, using saline or sodium hypo-
chlorite irrigation, and concluded that the apical 
instrumentation up to the third instrument pro-
vided superior bacterial control, independently 
of the irrigation used, although superior results 
were noticed with sodium hypochlorite. Taking 
these results into consideration, larger apical 
preparations seem to be able to optimize bacte-
rial control.

When deciding which apical preparation to 
choose for a particular clinical case, other fac-
tors such as smear layer removal, debris extru-
sion or post-operative pain are also to be 
considered. A scanning electron microscopic 
analysis of debris and smear layer present in the 
apical portion of the root canal after instrumen-
tation with file sizes of 0.20 mm and 0.25 mm 
with both 4% and 6% tapers, respectively, has 
shown that, independently of the taper, debride-
ment with the larger file size was superior with 
regard to smear layer elimination [142]. As for 
the apical extrusion of debris and bacteria, an 
in vitro study noticed that the debris extrusion 
was lower when performing instrumentation 
with crown-down techniques with smaller 
tapers as opposed to larger taper and full-length 
linear instrumentation [143]. Regarding the 
post-operative pain evaluated in randomized 
clinical trials, the maintenance of apical patency 
during apical preparation, apparently, does not 
influence post-operative pain [144], while con-
tradictory information exists on the influence of 
apical foramen enlargement [145, 146]. The 
decision of performing or not performing apical 
patency during root canal instrumentation is not 
consensual. Some histological studies have 
noticed acute apical inflammatory responses 
[126, 127], while others suggest [17] that 
infected debris might be extruded during root 
canal treatment procedures when patency is 
included in the protocol. However, other evi-
dence supports this technical aspect arguing the 
reduction in accumulation of soft tissue rem-
nants in the apical region [147], which attests to 

superior irrigation in the apical third [148] and, 
ultimately, superior bacterial elimination 
around the apical foramen [149]. Moreover, the 
apical patency step also minimizes the risk of 
iatrogenic errors, such as canal transportation, 
ledges, apical perforations or loss of working 
length [147, 150].

Although the decision on which apical size to 
choose should be based on several factors, it is 
also important to understand that some in vitro 
assessments are difficult to extrapolate to clini-
cal practice. Understanding how all these vari-
ables are clinically combined in the resolution, 
or not, of clinical cases is also important. A 
long-term outcome study [151], with observa-
tion periods up to 5 years, concluded that apical 
preparation sizes between 0.20 mm and 0.40 mm 
and between 0.45 mm and 1.00 mm had exactly 
the same prognosis. Another retrospective study 
concluded that there was no difference in the 
clinical success rate with different apical prepa-
ration sizes, although a decrease of the success 
rate along with an increase of the apical size was 
also noticed [152]. A randomized controlled 
trial [153], which followed 167 patients over 
12  months after root canal treatment of pulp 
necrosis cases, used five different groups in 
which the apical size was enlarged to 2, 3, 4, 5 
and 6 sizes above the first apical binding file. 
The authors concluded that enlarging to 3 sizes 
larger than the first binding apical file was ade-
quate, and further enlargement did not provide 
any benefit. This may be seen as a much more 
conservative approach.

Although preparation size seems to matter 
with regard to the root canal treatment prognosis, 
it is also important to balance the advantages of 
large apical sizes with the conservative approach 
of the smaller sizes. For these reasons, the authors 
have developed a clinical concept called “visual 
gauging” that aims to customize the apical prepa-
ration size on the specific canal that should be 
treated [154]. In this technique, the most impor-
tant aspect to be evaluated from a clinical point of 
view to decide the final apical size of enlarge-
ment is the type of dentin debris cut that remains 
on the tip of the instrument. As a consequence, 
some different clinical conditions may happen 
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depending on the characteristics of the dentin 
debris cut by mechanical files:

 1. Presence of pulp remnants debris or “pink/
red” dentin debris on the tip of the instrument 
used (in vital cases): pending that the correct 
working length has been chosen, the diameter 
of apical preparation is still insufficient and 
residual pulp is probably still present.

 2. Very little dentin debris present inside the 
flutes of the apical 3–4 mm of the instrument 
used: the diameter of apical preparation is still 
insufficient to cut dentinal walls in the apical 
third.

 3. Presence of “yellow/brown” dentin debris on 
the tip of the instrument used (in necrotic 
cases): even if probably the instrument is cir-
cumferentially cutting dentinal walls in the 
apical third, this is still contaminated dentin 
that requires further apical enlargement.

 4. Presence of white clean dentin inside the flutes 
of the apical 1–2 mm of the instrument used: 
the instrument is cutting sound dentin in the 
apical third but probably not circumferentially.

 5. Presence of white clean dentin inside the flutes 
of the apical 3–4 mm of the instrument used: 
presumably the instrument is cutting sound 
dentin circumferentially in the apical third and 
this may be the correct size of apical prepara-
tion. Results from a microbiological analysis 
of the different types of dentin that remained 
on the tip of the instrument described above 
seem to confirm that less bacteria were present 
in this last type of dentin cut with respect to the 
“brown-yellow” type described above (Plotino 
and Grande unpublished results).

Moreover, a micro-CT study has assessed pos-
sible microcrack formation after root canal 
instrumentation with two different reciprocating 
and a conventional full-sequence rotary system, 
with size 25 and after enlarging to size 40. No 
new cracks were noticed after the initial instru-
mentation or after the apical enlargement [95]. 
Thus, remaining minimally invasive in apical 
size diameters might not suggest superior out-
comes from both a microbiological and biome-
chanical point of view.

4.6  Taper of Root Canal 
Instrumentation

The main objectives of mechanical instrumenta-
tion in endodontics are not only restricted to the 
removal of vital and necrotic tissues from the root 
canal system space but also in the creation of 
enough intracanal space to promote efficient 
intracanal irrigation and medication in order to 
control the root canal infection [155, 156]. It also 
aims to facilitate the root canal obturation proce-
dures and preserve the location and integrity of 
the root canal apical morphology while avoiding 
iatrogenic damage of root and root canal anat-
omy. It should also avoid the aggression of peri-
apical tissues, whether bone or periodontal 
ligament, while being able to preserve sound 
dentin in order to allow a good structural progno-
sis [150]. To achieve these mechanical instru-
mentation goals, Schilder [157] has idealized five 
root canal shape design objectives plus four bio-
logical objectives. As for the shaping design, it 
was advocated that the final root canal shape 
should be a continuous tapering funnel from the 
apex to the coronal canal opening, the canal 
cross-sectional diameter should be narrower at 
every point apically, the shaped canal should pre-
serve the original morphology, the apical fora-
men should remain in the same position and the 
apical opening should remain as small as possi-
ble. As for the biological objectives of the 
mechanical preparation, it should be kept con-
fined to the root canal system only, it should not 
force dentin debris with necrotic tissue beyond 
the foramen, it should be able to remove all tis-
sues from the intracanal space and it should cre-
ate enough space for intracanal disinfection 
[157]. Although intracanal infection is mainly 
controlled by irrigation, the mechanical instru-
mentation itself may also significantly reduce the 
bacterial count. A classic study from Byström 
and Sundqvist [158] was able to document a sig-
nificant reduction of the bacterial count between 
100- and 1000-fold on teeth with necrotic pulp 
and apical periodontitis by performing only 
mechanical instrumentation with saline irriga-
tion. Although a strong reduction was noticed, no 
case became bacteria-free after the first appoint-
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ment, and seven teeth out of a total of 15 became 
bacteria-free only after the fifth visit. Another 
study from Orstavik et  al. [159] performed the 
mechanical shape of the root canals in 23 teeth 
using irrigation only with physiological saline, 
and concluded that only 13 cases became 
bacteria- free. Both studies concluded that 
although a significant bacterial load reduction 
was noticed after mechanical preparation, the 
results were clearly insufficient in reducing the 
bacterial load to a desired level. Another study 
from Siqueira et al. [160] performed an in vitro 
assessment on the efficacy of several instrumen-
tation techniques with different regimens in 
reducing the intracanal bacterial load. After hav-
ing the root canals inoculated with Enterococcus 
faecalis, they were shaped by using one of two 
mechanized methodologies and one of four root 
canal irrigation protocols. The four experimental 
groups were able to provide a bacterial load 
decrease between 78.4% (2.5% sodium hypo-
chlorite with citric acid) and 60.3% (2.5% sodium 
hypochlorite alone) of the original microbial 
count. As for the control group with instrumenta-
tion assisted with saline solution irrigation, the 
mean bacterial reduction was 38.3%. The authors 
concluded that all groups reached significantly 
higher reductions of the microbial load when 
compared to the saline solution group. Therefore, 
the combination of mechanical instrumentation 
with root canal irrigation appears to be the most 
reliable method to guarantee effective root canal 
disinfection.

Theoretically, root canal instrumentation with 
large-tapered instruments would be able to clean 
more effectively a less tapered root canal. 
However, due to the complexity of the root canal 
system morphology, which presents fins, inner 
surface irregularities, isthmuses, transversal 
anastomoses or oval canal shapes, the concept of 
larger tapers has been proved as not having the 
expected practical relevance with several studies 
showing similar results in root canal cleanliness 
when comparing smaller with larger tapers [142, 
161–163].

The percentage of untouched inner root canal 
area after mechanical instrumentation may be as 
high as 40–55%, according to micro-CT analysis 

[11, 164]. A minimally invasive treatment should 
aim to reduce the amount of untouched inner area 
not by increasing the instrumentation taper but by 
using complementary cleaning methods, avoiding 
unnecessary dentin removal from the middle and 
coronal portions of the root canal, which ulti-
mately may lead to a lower resistance to root frac-
ture [10]. A recent study has also demonstrated 
that using modern activation devices may guaran-
tee optimal canal cleanliness in the middle and 
coronal thirds, even in root canals with a minimal 
preparation size of 0.20/taper 0.04 [142], but it 
must be underlined that an increase in the apical 
diameter of preparation is still needed to obtain 
cleaner canals in the apical third [59].

Thus, a root canal instrumentation procedure 
reaching an adequate diameter of apical enlarge-
ment while maintaining a reduced taper or a lim-
ited maximum coronal file diameter seems to 
best follow the tendency of modern endodontics, 
which aims to find a balance between a mini-
mally invasive intervention to minimize unneces-
sary dental structure removal and the need to 
reach biological and microbiological objectives 
in cleaning the root canal space.

4.7  Concluding Remarks

In summary, the era of minimally invasive end-
odontics is yet in its first childhood depending on 
more consistent scientific support and improved 
technology to become a standard affordable class 
of treatment.

The rationale of this chapter follows from the 
fact that the current concerns around the so-called 
minimally invasive endodontics is indeed a pur-
suit for optimal balance between what should be 
taken and what should be preserved. In order 
words, a matter of size. The rationale is that, 
while an overall smaller size root canal treatment 
(from the crown to the apex) may better preserve 
the important PCD tissue and thus improve the 
long- term retention of the tooth, it may compro-
mise proper disinfection, cleanliness and filling 
of the root canal space and thus compromise the 
healing process in infected cases. On the other 
hand, over-accessed and over-prepared root 
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canals may not only render disinfection, cleanli-
ness (especially in the coronal and mid-root areas 
where the majority of bacteria biofilm is present) 
and filling easier and more effective procedures 
but also increase teeth predisposition to VRF by a 
significant reduction of root structure.

Sooner or later, minimally invasive techniques 
and instruments will be better supported by the 
rigour of the scientific method. Nevertheless, in 
the meantime, caution with this topic is very nec-
essary, as common-sense logic would lead to 
biased ways of thinking that superficial technical 
approaches such as “ninja accesses” or “non- 
shaped canals” can improve the long-term reten-
tion of teeth.

In its current status, minimally invasive end-
odontics is a bunch of very technically sensitive 
approaches strictly and fundamentally based on 
the operator’s skills and experience. In this sce-
nario, the operative microscope is restated as the 
backbone of contemporary endodontic practice, 
which is a strong positive aspect of this discus-
sion. However, there is an important educational 
cost involved with minimally invasive endodon-
tics that needs to be taken into consideration; 
therefore, it is key to scientifically test and define 
how operative procedures can indeed be mean-
ingful in the improvement of the long-term reten-
tion of teeth.
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5.1  Introduction

Mechanical and chemical cleaning has been the 
hallmark of pulp canal space debridement for 
several decades. Historically, access convenience 
form has been advocated in order to obtain 
improved visualization and direct access of the 
mechanical instruments to the apical third. These 
concepts have been redefined with the introduc-

tion of operating microscopes, cone-beam com-
puted tomography, and heat-treated 
nickel-titanium alloys. Access through magnifi-
cation avoids the removal of unnecessary cervical 
tooth structure during endodontic procedures and 
super elastic alloys do not rely on straight-line 
access to shape root canal curvatures. Although 
these clinical advantages are intuitive, not all of 
them have been researched extensively from the 
basic science or the clinical research point of 
view. The aim of this chapter is to present the cur-
rent information available in the literature on the 
irrigation of minimally invasive root canal prepa-
rations and to discuss the challenges of this con-
cept to improve the prognosis of root canal 
treatment.

R. Ordinola-Zapata (*) · J. T. Crepps 
Division of Endodontics, University of Minnesota 
School of Dentistry, Minneapolis, MN, USA
e-mail: crepp003@umn.edu 

P. Neelakantan 
Division of Restorative Dental Sciences,  
Faculty of Dentistry, The University of Hong Kong,  
Hong Kong, Hong Kong

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-45866-9_5&domain=pdf
https://doi.org/10.1007/978-3-030-45866-9_5#DOI
mailto:crepp003@umn.edu


94

5.2  Chemical Debridement 
of the Root Canal System

The goal of endodontic chemo-mechanical prep-
aration is to remove the necrotic pulp, microor-
ganisms, and the by-products and to generate 
proper conditions for the subsequent obturation 
[1, 2]. The ideal way to remove biofilms is by cut-
ting and removing the affected dentin using an 
endodontic instrument; however, it has been 
demonstrated that a significant surface of the 
canal space is not accessible to the mechanical 
action of endodontic instruments due to the com-
plex geometry of the root canal space [3–6] 
(Fig.  5.1). In order to improve the cleaning of 
these anatomical irregularities such as lateral 
canals, apical deltas, fins, isthmuses, and other 
non-instrumented areas, the original anatomy of 
the root canal space must be modified by increas-
ing the natural taper of the main canal. This pro-
cedure allows the placement of endodontic 
instruments into the apical third, improves the 
flowability of the antimicrobial solutions, and 
facilitates the placement of intracanal dressings 
and filling materials, subsequently creating the 
conditions for healing.

Endodontic infections are polymicrobial and 
include the presence of facultative and anaerobic 
bacteria arranged in several layers of cells; these 
bacterial communities are known as biofilms [7–
9] (Fig. 5.2). Clinical studies have shown that the 
mechanical instrumentation process using dis-
tilled water is able to remove the bulk of infected 
tissue without the use of antimicrobials in teeth 
with simple anatomy [10]; however, the proce-
dure is not consistent requiring several visits. In 
addition, without the use of an antimicrobial 
medicament, bacteria can repopulate the root 
canal system in a matter of days or weeks. Due to 
these characteristics, nonspecific strong antimi-
crobials are necessary. Irrigant solutions can have 
the ability to disrupt the biofilm architecture, 
remove or inactivate virulence factors, and dis-
solve the necrotic pulp from the root canal space 
[11–14]. The main challenge for minimally inva-
sive endodontic procedures is improving the 
debridement of the root canal space while 
decreasing the size of the access and the size of 
the preparation.

Endodontic irrigant solutions are critical for 
decontamination of the canal space. Sodium 
hypochlorite (NaOCl) is the most widely used 

Fig. 5.1 Micro-computed tomography reconstruction of 
a mesial root of mandibular molar instrumented using 
nickel-titanium instruments. The pre-operative anatomy is 
highlighted in red and the removed dentin in green. 

Several non-instrumented areas can be observed (blue 
arrows). It can be also observed that the pre-operative 
anatomy dictates the amount of mechanical removal of the 
root canal dentine
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solution for root canal disinfection purposes [13]. 
Its properties include strong antimicrobial activ-
ity against both planktonic bacteria and biofilms 
and presents a unique ability to dissolve organic 
tissue and endotoxins from necrotic canals [12]. 
From a chemical point of view, the effectiveness 
of the NaOCl reaction depends on several factors 
such as concentration, exposure time, volume, 
temperature, refreshment rate, and ultrasonic 
activation among others [2, 15–17]. It is impor-
tant to note that the root canal space can contain 
inactivators that are able to reduce the amount of 
available chlorine; these inactivators are dentin 
debris, bacterial cells, organic material as pulp 
tissue, blood, and inflammatory exudates [18]. 
One limitation of NaOCl has been recognized: it 
does not remove the smear layer, which allows 
the compaction of dentin debris against fins or 
isthmuses (Fig. 5.3). As mentioned before, dentin 
debris may physically limit the distribution of 
NaOCl into these areas, thereby inactivating its 
antimicrobial activity and consequently decreas-

ing its effectiveness [18, 19]. Thus, the use of 
ethylene-diamine-tetraacetic acid (EDTA) after 
the decontamination procedures is also recom-
mended for the elimination of inorganic debris 
before the obturation step [20]. The combination 
of irrigants mentioned above enhances chemical 
debridement during endodontic treatment.

In a classic study, Baumgartner and Mader 
[21] observed that pulp remnants on non- 
instrumented canal walls of maxillary premolars 
were completely dissolved by chemical means 
using 2.5% NaOCl. In the same way, direct con-
tact test experiments have proven that biofilm can 
be successfully decontaminated and removed 
from the dentin structure using this agent without 
the use of mechanical instruments; this effect was 
observed even using the 1% NaOCl concentra-
tion [2] (Fig.  5.4). These findings suggest that 
mechanical instrumentation can be avoided if an 
antimicrobial and proteolytic irrigant solution 
like NaOCl can be delivered and evacuated in an 
effective way throughout the root canal space. 

Fig. 5.2 Confocal laser scanning microscopy of a 
necrotic tooth root canal space (Syto 9 Propidium iodide 
staining).  An organic layer attached to the root canal wall 

can be observed. A high magnification microphotograph 
shows a dense biofilm attached to the dentinal walls 
(right)
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However, several challenges are faced during the 
irrigation of a minimally shaped canal. Irrigant 
solutions present a chemical effect: the active 
compound of NaOCl is the free available chlo-
rine (hypochlorite ions and hypochlorous acid) 
and those molecules are consumed as the solu-
tion reacts with the pulp and other intracanal 
organic substances, indicating that it has an insta-
ble and limited effect [18, 22]. In order to keep 

the concentration constant, a large volume of irri-
gant is used to refresh and maintain the effective-
ness of the NaOCl solution. The action of 
irrigation also produces a mechanical effect and 
forces are applied by the irrigant’s flowability 
capacity [23, 24]. The movement and subsequent 
cleaning produced by the NaOCl fluid can also be 
increased in the root canal system by sonic, ultra-
sonic, or laser-activated irrigation [17, 25]. These 

Fig. 5.3 Micro-computed tomography cross-sections at 
the mid-root level of an extracted mandibular molar with 
three canals in the mesial root before (left, pre-op) and 
after (right, post-op) the mechanical instrumentation of 
the root canals using only syringe irrigation without any 

activation. To note the accumulation of hard tissue debris 
in the isthmus and lateral communications among the 
three mesial root canals in the post-op cross-section. 
Courtesy of Gianluca Plotino, Rome, Italy

a b

Fig. 5.4 Scanning electron microscope image of an intra-
orally infected dentin. A dense contamination can be 
observed in (a). After 5  min of treatment with 5.25% 
sodium hypochlorite, detachment of the bacterial biofilm 

is observed, most of dentinal tubules are patent, and mini-
mal amount of debris in the intertubular dentin is present 
(b)
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methods can create contact between active chlo-
rine molecules and organic tissue or biofilms. To 
date, little information regarding the ideal taper 
to use these irrigation devices is found in the lit-
erature. Sodium hypochlorite is usually delivered 
by a syringe and a 30-gauge needle. It is accepted 
that irrigant exchange can happen at the apical 
third if the needle is placed at 1  mm from the 
working length [26]; due to the needle dimen-
sions, the apical third needs to be enlarged until 
size 0.30 or 0.35 mm. From a technical perspec-
tive, minimally invasive endodontic procedures 
can restrict the flow of the irrigant solution to the 
apical third, and, therefore, other clinical factors 
need to be addressed before executing a mini-
mally invasive preparation.

5.3  Clinical Factors 
and Minimally Invasive 
Cleaning and Shaping 
Procedures

Two systematic reviews have addressed the ideal 
master apical file size required for healing out-
comes [27, 28]. The authors concluded that a 
large instrumentation size may be beneficial for 
the healing of apical pathosis in teeth with 
necrotic pulps and periradicular lesions. However, 
like many systematic reviews in endodontics, the 
authors stated that limited evidence was avail-
able. To date, it is not possible to define the “opti-
mal” master apical size for teeth with vital or 
necrotic pulps. Several factors can affect the 
chemical and mechanical debridement of the root 
canal space and it is the clinician’s decision to 
determine the taper and diameter necessary for 
the canal debridement in every particular case. 
Some factors are purely related to the anatomical 
characteristics of the tooth such as age, curvature, 
root canal diameter, presence of danger zones, 
presence of isthmuses, or the transversal cross- 
section of the root canal space. Other factors are 
related to the presence of infection or a patho-
logical process, such as the presence of an 
infected pulp or the presence of internal or exter-
nal root resorption.

Pulp changes can also be associated with the 
aging process; age-related changes such as a 
decrease in dentin permeability, a decrease in cell 
density, and the constant odontoblastic activity 
can lead to the presence of calcified pulp cham-
bers. The decrease in the volume of the root canal 
space due to the increase in dentinal thickness 
can lead to the presence of calcified canals [29]. 
Taking this into account, it may be more difficult 
to debride a mandibular molar in a child or a 
young adult which may contain a large volume of 
necrotic tissue and a consistent amount of hard to 
reach areas compared to an elderly patient with a 
reduced amount of organic tissue, narrow and 
calcified canals, and less permeable dentin. On 
the other hand, irrigants may flow more effi-
ciently in bigger canals and consequently reach 
inaccessible areas better compared to tight and 
constricted root canals.

The apical diameter is an important topic 
often discussed in the literature. The apical third 
is the critical area for therapeutic reasons; it is in 
close proximity to the periodontal ligament and 
the alveolar process. Additionally, it is the most 
challenging area to disinfect. A series of studies 
have highlighted the importance of proper apical 
enlargement for the decontamination of the root 
canal system [30, 31]. However, one limitation of 
the endodontic literature regarding this topic is 
that current studies on root canal apical diameters 
did not include the age variable in the study 
design. For example, the median of the apical 
diameter reported in mandibular incisors present-
ing a single canal is 0.36 mm [32]; however, the 
data was widespread distributed and apical diam-
eters ranged approximately from 0.10 to 
0.80 mm. In another study [33], the apical anat-
omy of 60 mandibular molars was measured, the 
apical analysis at the 1 mm level was reduced to 
only 19 samples due to the presence of large fins 
and isthmuses connecting the two mesial canals 
and the authors found that the average apical 
diameter was close to 0.35  mm with ranges of 
0.20–0.70 mm. Although it is debatable whether 
these differences should be attributed to the root 
canal configuration or age, other studies have 
determined that the complexity of lateral anat-
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omy, including the presence of isthmuses, 
decreases with age [34].

Curvatures also play a role during the apical 
diameter selection and subsequent instrumenta-
tion and irrigation. The role of root canal curva-
ture and its association to instrument separation 
is not a common modern problem when com-
pared to the literature found in the previous 
decades [35]. Nickel-titanium instruments, espe-
cially those that are heat-treated and reciprocat-
ing, have been demonstrated to present enough 
flexibility and fatigue resistance to manage diffi-
cult curvatures with rare occurrences of separa-
tion [35]. However, clinicians should be aware of 
the amount of dentin that is removed at the cervi-
cal level during the instrumentation of severely 
curved canals or “S”-shaped canals [36]. The 
delicate balance that exists between the shaping 
of the canal system and the decrease in dentinal 
thickness at the cervical level in teeth with severe 
curvatures needs to be addressed in the future.

The pathological conditions of the periapex 
and associated structures should also be consid-
ered. Several clinical signs can suggest the pres-
ence of a long-standing or an aggressive infection 
such as teeth with furcation involvement, lateral 
root lesions, and non-circumscribed radiolucen-
cies. These signs could suggest an increase in the 
virulence of the microbiota of a root canal sys-
tem, an immunocompromised patient, or a com-
bination of both situations. Another inflammatory 
condition is internal apical resorption. This path-
ological process is associated with the presence 
of apical periodontitis [37]; in this scenario, the 
size of the last apical millimeters is modified by 
the pathological process increasing the diameter 
necessary for the debridement of this critical 
zone. This scenario is opposite to the presence of 
a necrotic tooth in an asymptomatic patient with 
minimal periapical changes and calcified canals. 
In both situations, clinical judgment is important 
to determine the dimensions necessary to obtain 
a proper irrigation and decontamination of the 
root canal space.

As already discussed in Chap. 3, anatomical 
evidence of root canal diameters in the apical 
third of both physiologic and pathologically 
resorbed situations suggests that anatomical 

enlargement of the apical third should be per-
formed to control infection and reduce the pres-
ence of debris and remnants in this area. Studies 
have demonstrated that apical enlargement is 
required to obtain cleaner root canals in the api-
cal third, but enlargement is not needed to obtain 
clean canals in the middle and coronal thirds 
[38]. In fact, increasing the taper of the prepara-
tion does not appear to have further influence on 
canal cleanliness [39, 40]. On the other hand, 
when considering the middle and coronal third of 
the root, a recent study has demonstrated that, if 
a proper irrigation activation technique is used, 
root canals may be cleaned even in root canals 
instrumented using a minimal taper of prepara-
tion such as 20/0.04 or 25/0.04 [41].

As a consequence, a minimally invasive 
instrumentation that is respectful of pericervical 
dentin may be carried out in specific situations 
with low taper instrument while still allowing for 
cleaning in the coronal and middle thirds. 
Minimally invasive instrumentation can increase 
apical diameters of instrumentation as large as 
necessary to promote healing without increasing 
taper of the basic preparation.

5.4  Chemical Cleaning 
of the Pulp Chamber

One of the key clinical challenges in this context 
is the lack of definition of a conservative or ultra-
conservative access. While it is well accepted that 
the main purpose of an access cavity is to gain 
straight-line access to the root canal system, it 
should also facilitate optimal debridement of the 
access cavity itself. This implies that the access 
design should not impede disinfection. The mod-
ern access cavity designs recommend preserva-
tion of coronal and pericervical tooth structure, 
without complete de-roofing of the pulp cham-
ber, to enhance the structural integrity of the 
tooth [42]. One access cavity design where the 
chamber floor may be subject to compromised 
debridement is the orifice-directed dentin conser-
vation access or the “truss” access. In this design, 
cavities are prepared to approach the mesial and 
distal canal systems in a mandibular molar while 
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for maxillary molars, the mesio- and disto-buccal 
canals are approached through one cavity and the 
palatal canal through another [43].

A recent study [44] investigated the debride-
ment of the pulp chamber, the mesial root canals, 
and the isthmus between the mesiobuccal and 
mesiolingual root canals of mandibular first 
molars after preparing access cavities of two 
designs: the traditional access and the “truss” 
access. Root canals were prepared to the same 
dimensions (30/0.06) in all the specimens, using 
3% of sodium hypochlorite as the irrigating solu-
tion. The experiment was performed on vital 
molars extracted for periodontal reasons. Using a 
histological analysis, the percentage of remain-
ing pulp tissue was calculated at the pulp cham-
ber, coronal, middle, and apical thirds of the root 
canal, and the isthmus region. The pulp chambers 
were found to house significantly less remaining 
pulp tissue in the teeth where traditional accesses 
were prepared (Fig. 5.5). Interestingly, the isth-
mus and the root canals did not show any signifi-
cant differences in the percentage of remaining 
pulp tissue with either access cavity design.

These results have a certain clinical implica-
tion such as the debridement of chamber canals 
and furcation canals have been described in the 
literature [45, 46]. These portals may serve as a 

source of continued nutrition to bacterial biofilms 
that remain within root canals, contributing to the 
persistence of post-treatment disease. Similarly, 
in an infected root canal system, egress of micro-
bial biofilms and toxins into the furcal region can 
initiate periodontal breakdown secondary to end-
odontic disease. An important consideration in 
this work was that irrigation was performed only 
with a syringe and needle. Given the results 
obtained in vitro by different irrigant activating 
systems [47], it may be assumed that activated 
irrigation may result also in cleaner pulp cham-
bers and root canal systems regardless of the 
access cavity design.

5.5  Minimally Instrumentation 
and Irrigation Procedures

In some cases, root canals of single-rooted teeth 
are naturally tapered; a good example is a tooth 
with an history of dental trauma and arrested 
tooth development and incomplete root wall for-
mation. In this particular case, the disinfection 
strategy is supported by minimal instrumentation 
and the use of antimicrobial solutions and intra-
canal medicaments to reduce the microbial load. 
Current research has focused on answering the 

a b

Fig. 5.5 Histological section of the pulp chamber of a mandibular molar after minimally invasive access and sodium 
hypochlorite syringe irrigation (a, b). Remaining organic tissue can be observed between the mesial canals (blue arrow)
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question: Can minimally prepared access cavities 
and root canals be debrided to the same extent as 
conventional preparations? Few studies have 
attempted to address this question from a biologi-
cal stand point (histological or microbiological).

To date, there is substantial evidence that 
instruments used for root canal preparation do 
not contact the walls completely and these walls 
retain pulp tissue or debris even after root canal 
preparation to sizes 25 or 40 with sodium hypo-
chlorite irrigation using a syringe and needle. 
Several studies have addressed this important 
topic in the past in order to investigate the effect 
of root canal preparation sizes on several out-
come measures including cleanliness [39, 48], 
microbial reduction [30, 49, 50], or healing out-
come [51]. Rather surprisingly, all these studies 
were performed with only syringe-and-needle 
irrigation.

It has been shown that canals prepared to size 
35, 0.04 taper with the SAF 2.0 instrument or size 
30, 0.04 XP-Endo Shaper still had remnant pulp 
tissue (1.36% and 13.29%, respectively) in the 
apical third of root canals, while another instru-
ment (TRUShape, Dentsply Sirona) with its size 
30.06 preparation resulted in <0.5% residual tis-
sue [52]. Three recent studies attempted to com-
pare the histological cleanliness of root canals 

prepared to small sizes. Using a brush-based 
supplementary irrigant agitation technique 
(Finisher GF Brush, MedicNRG, Kibbutz Afikim, 
Israel), one study reported that oval root canals 
were significantly cleaner than those where the 
oval root canals were prepared to a size 25, 0.04 
taper and irrigated with a syringe and needle 
[53]. In this study, root canals were prepared 
either with a core-less stainless-steel rotary 
instrument (Gentlefile, MedicNRG, Israel) or a 
rotary nickel-titanium instrument (EdgeFile X7, 
EdgeEndo, Albuquerque, New Mexico, USA). 
Another study [54] prepared root canals using the 
Reciproc R25 instrument and root canals were 
irrigated with sodium hypochlorite, which was 
then activated/agitated using ultrasonics, sonic, 
or manual dynamic methods. The authors con-
cluded that ultrasonic activation resulted in sig-
nificantly less pulp tissue remnants than the other 
methods.

The first study [55] to demonstrate the effect 
of activated irrigation on cleanliness of premolar 
canals prepared to small sizes showed that when 
sodium hypochlorite was ultrasonically activated 
the root canal cleanliness was not dependent on 
the apical preparation size (20 vs. 40/ 0.04 taper) 
(Fig. 5.6). However, when irrigated only with a 
syringe and a needle, root canals prepared to 

a b

Fig. 5.6 Histological sections of the apical third of a 
minimally instrumented mandibular premolar (20/0.04) 
that was irrigated using ultrasonic activation (a); no 

remaining debris could be observed compared to the case 
that was irrigated without using ultrasonic activation (b)
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larger sizes were cleaner, despite the fact that 
they housed substantial amounts of pulp tissue. 
Furthermore, these results were independent of 
the cross-sectional shape of the root canal (round 
vs. oval). The important caveat in this paper, as 
reported by the authors, was that 18 mL of 3% 
sodium hypochlorite was used per root canal. 
Despite this volume, root canals retained signifi-
cant tissue remnants when irrigated with a 
syringe and a needle. Thus far, no study has 
investigated the ability of minimal preparations 
to debride infected root canals, especially in the 
apical third. Until such literature demonstrates 
positive findings, the current evidence suggests 
that minimal apical preparation of root canals 
should be eventually limited to vital teeth and 
with the mandatory use of activated irrigation. In 
fact, it must be considered the importance of the 
mechanical cleaning of the root canals, espe-
cially in the apical third, when an enlarged apical 
preparation is performed in infected teeth. In 
these cases, reduction of intracanal infection 
through the mechanical removal of infected den-
tin cannot be substituted by the chemical action 
of irrigants.

5.6  Adjunctive Systems to Clean 
Minimally Instrumented 
Root Canals

Despite the numerous advantages of sodium 
hypochlorite, its ability to disinfect the root canal 
environment in a predictable manner has not 
been consistent in studies [9, 11, 14, 56]. The 
efficacy of this solution depends not only on its 
chemical effect but also on the mechanical effec-
tiveness of the irrigation technique and the inter-
action with intracanal content. Conventional 
positive apical needle irrigation has shown limi-
tations to improve the delivery of the irrigant 
solution to the apical third. Nair et  al. [57] 
observed this fact microscopically, demonstrat-
ing that residual biofilms can be present in the 
accessory anatomy of mandibular molars even 
after instrumentation and full-strength sodium 
hypochlorite irrigation. In order to improve the 
antimicrobial and cleaning ability of the irriga-

tion step, several supplemental irrigation tech-
niques have been proposed.

The use of ultrasonic energy during the irriga-
tion procedure is an accepted step to improve the 
cleaning and disinfection of the root canal space. 
Ultrasonic activation of the irrigant solution for 
1 min using three cycles of 20 s appears to be an 
accepted time for the final irrigation step [58]. 
The effectiveness of the ultrasonic irrigation is 
determined by its capability to create “cavita-
tion” and “acoustic streaming” [58]. Previous 
researchers have demonstrated that sodium hypo-
chlorite activation enhances the effectiveness of 
organic tissue dissolution [59], improves the 
removal of calcium hydroxide medicament [60], 
increases the removal of hard tissue debris [25], 
and facilitates the final cleaning during retreat-
ment procedures [61]. Most of these benefits 
have been confirmed in bench top studies, but at 
this time, ultrasonic irrigation has not been dem-
onstrated to improve the healing rate of apical 
periodontitis [62] (Fig. 5.7).

In order to increase the effectiveness of chem-
ical intracanal cleaning, several other systems 
have been introduced over the years. The 
EndoVac system (Discus Dental, Culver city, 
USA), for example, uses apical negative pressure 
to promote the flow of the irrigant solution placed 
into the pulp chamber to the apical third of the 
root canal where the tip of a microcannula is 
placed. Apical instrumentation to a minimum 
size of 0.35 mm must be achieved to ensure the 
microcannula tip (0.32  mm) reaches the apical 
third. Satisfactory cleaning efficacy at the apical 
third of extracted teeth with vital pulps in com-
parison to classic needle irrigation was observed 
using this system in teeth with simple and com-
plex anatomy [63, 64]. Despite the different 
mechanism of action of passive ultrasonic irriga-
tion and the EndoVac system, research has shown 
similar results for the elimination of hard tissue 
debris [65, 66] and ability to deliver the irrigant 
solution to the working length [67].

The Lussi’s non-instrumentation technique 
[68, 69] probably represented the first attempt for 
an actual minimally invasive cleaning of the root 
canals system. The advantages of the 
 non- instrumentation technique were published in 
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a b

c d
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g

Fig. 5.7 Pre-operative radiograph (a) and image (b) of a 
lower right second molar with a caries penetrating the 
pulp chamber and periapical lesions in both the mesial 
and distal roots; post-operative radiograph (c) and image 
(d) after endodontic treatment and post reconstruction; 

5-years radiographic (e) and clinical (f) control and 
10-years radiographic control (g), showing the complete 
resolution of the periapical lesions. (Courtesy of Gianluca 
Plotino, Rome, Italy)
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1993 [69], and, according to its developer, the 
system was able to create hydrodynamic turbu-
lence and controlled cavitation (25 Hz). Exchange 
of the irrigant solution (NaOCl) was accom-
plished using a double tube model. Injection of 
the irrigant fluid was in the outer tube, while the 
reflux occurred in the inner tube. The tooth had to 
be isolated to achieve reduced pressure. This 
allowed cleaning of the canal system in 10 min 
independently of the number of root canals pre-
sented in the case. The non-instrumentation tech-
nique did not recommend the use of hand or 
rotary instruments. Despite its promising in vitro 
results, a clinical evaluation of 22 teeth treated by 
the non-instrumentation technique and extracted 
after the therapy showed a significant amount of 
organic debris at the middle and apical third [70].

Following some concepts of the Lussi tech-
nique, the GentleWave system (Sonendo, Orange, 
CA, USA) attempted to propose a novel irriga-
tion system to clean the root canal system after a 
minimal instrumentation [71–74]. It is based on 
several principles that include degassing of the 
irrigant solution, the use of negative pressure, cir-
culation of a fluid in a close circuit, the use of 
sound waves below and above the ultrasonic 
spectrum that can propagate the degassed fluid to 
reach remotes areas of the root canal space, and 
the use of tissue dissolving agents such as sodium 
hypochlorite and EDTA.  The GWS is able to 
generate negative pressure [73] in part due to the 
“closed-loop” system created with a resin plat-
form built by the clinician that serves as a gasket 
between the tooth and the handpiece. After plat-
form creation, the system delivers high-speed 
streams of irrigants through a handpiece. The 
manufacturer of the GentleWave system recom-
mends maximal preservation of the tooth struc-
ture so that the suggested dimension of the 
preparation is a size 20/0.06 taper. According to 
the manufacturer, contraindications to using the 
device are resorption, perforations, open apices, 

and roots adjacent to anatomical structures such 
as the maxillary sinus or the inferior alveolar 
nerve. These contraindications may be due to 
concerns about irrigant extrusion.

During the irrigation process of this system, 
the irrigant streams collide with a concave plate 
at the terminus of the handpiece, which is posi-
tioned 1 mm or more occlusal to the pulpal floor. 
After collision with the plate, the irrigants are 
deflected around the chamber and into the root 
canals producing a cavitation cloud. Fluid circu-
lation helps replenish reactants and remove by- 
products from the root canal system, thus 
increasing the tissue dissolution rate [71]. 
Additionally, refreshment is important since bub-
bles may form and stay at the chemical reaction 
site and may act as barriers impeding fresh reac-
tants reaching areas such as isthmuses and fins. 
However, except for one report [72], no study has 
examined the efficacy of debridement using this 
system with a minimal instrumentation size. In 
this study, authors treated extracted human 
molars instrumented until a 15/0.04 apical size 
and the GentleWave protocol was compared to 
the conventional instrumentation and irrigation 
technique. The results showed that the minimal 
instrumentation technique was able to clean the 
canal space significantly better than the conven-
tional irrigation group [72].

A recent debris removal analysis [74] using 
microCT imaging revealed that accumulated 
hard tissue debris removal was enhanced with the 
GentleWave when compared to continuous ultra-
sonic irrigation (ProUltra PiezoFlow, Dentsply 
Maillefer; Charlotte, NC); however, there was no 
difference between the GentleWave and intermit-
tent, passive ultrasonic irrigation (Irrisafe wire, 
Satelec, Bordeaux, France). Although minimal 
evidence exists concerning the efficacy of the 
GentleWave, the device appears to have the 
 ability to debride minimally prepared root canal 
systems (Fig. 5.8).
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5.7  Concluding Remarks

The disinfection of root canal systems has tradi-
tionally been achieved physically, through instru-
mentation and chemically, through the use of 
irrigating solutions. Achieving the goal of com-
plete debridement within the root canal space 
while conserving tooth structure is a delicate bal-
ance. Enlarging root canal systems to improve 
mechanical and chemical debridement can reduce 
the microbial load present. On the other hand, 
this enlargement has the potential to structurally 
weaken teeth due to dentin removal. Modern end-
odontic research and technology in irrigation 

have allowed the specialty to explore the long- 
term preservation of teeth through minimally 
invasive approaches, or better defined “anatomi-
cally invasive approach.” This concept means 
that clinicians can be minimally invasive when 
possible (i.e., maintain a low taper in the middle 
and coronal thirds when root canals are originally 
constricted and with no or minimal taper), while 
enlarging the canal when anatomy dictates (i.e., 
apical diameter of preparations needed to touch 
circumferentially the root canal walls in the api-
cal third) and to activate irrigants and/or use 
innovative cleaning systems in minimally instru-
mented canals.

a b

c d

Fig. 5.8 (a) Mandibular second molar diagnosed with a 
previously initiated treatment and asymptomatic apical 
periodontitis. The root canal was minimally instrumented 
and irrigated with 500 mL of irrigant solution using the 
Gentlewave system; the resin platform for the use of the 

irrigation handpiece can observed in (b). Immediate obtu-
ration shows the presence of accessory anatomy at the 
furcation and apical level (c). A 3-month follow-up shows 
that the healing is in process (d)

R. Ordinola-Zapata et al.
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6.1  Introduction

Instrumentation creates space for canal irriga-
tion, disinfection and root filling. All of these 
phases have an impact on the method and size of 
instrumentation, depending on the philosophy of 
the dentist and the limitations and requirements 
set by the equipment used in each phase, 
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 especially in root filling. Optimal root filling has 
many requirements which have been difficult if 
not impossible to fulfil. Gutta-percha has been 
and still is the core material of choice in root fill-
ings, but it requires the use of a sealer in order to 
obtain better short- and long-term seal. 
Thermoplastic obturation methods and warm 
vertical condensation techniques have been 
introduced in the 70s to overcome the vulnera-
bility of the most popular endodontic sealer 
materials which undergo shrinkage and wash out 
upon setting. In order to apply such obturation 
techniques there is a need for an access cavity 
with a large tapered preparation on the coronal 
part of the root canals to allow a hydraulic con-
densation of a soften gutta-percha, minimizing 
the layer of such sealers. The use of large tapered 
instruments has been shown to weaken the tooth 
potentially leaving the root unnecessarily sus-
ceptible to fracture [1, 2].

With the introduction of the operative micro-
scope almost 3 decades ago, the concept of mini-
mally invasive endodontics has gradually been 
introduced and taught to specialists and general 
practitioners (Fig. 6.1a, b). The use of operative 
microscope with high magnification provides a 
high-precision clinical work preventing unneces-
sary removal of tooth structure that is imperative 
for successful treatment, thus reducing tooth 
weakening, non-restorable cases, micro-cracks 
and coronal leakage.

This chapter presents a panorama of presently 
available material and methods suggested for 
root canal filling to adapt to the minimally inva-
sive preparation concept.

6.2  Terminology

The term obturation is what most people use to 
describe the third stage of root canal therapy after 
root canal instrumentation and irrigation. Obturation 
by definition is to “close off a space”, but makes no 
requirement for filling that space [3–7]. In fact, the 
term obturation is more appropriate for a retro-fill-
ing in apicoectomy procedures, since the root canal 
space is closed off but the contents of the root canal 
are not disturbed. Root canal filling is a much more 
appropriate description of what clinicians are 
attempting and thus a better term to use.

6.3  Rational for Root Canal Filling

Root canal filling is performed as the third phase 
of root canal therapy after microbial control 
through mechanical shaping and chemical clean-
ing, where microbes are prevented from re- 
entering the root canal space (vital teeth) 
following their removal by instrumentation and 
irrigation (infected necrotic teeth). The aim of 
root canal filling is to maintain the low microbial 
load left within the root canal system below the 
threshold for clinical and radiographic success 
(Fig. 6.2), limiting the intra-canal infection found 
in the main canal and dentinal tubules communi-
cating with the peri-radicular tissues (Fig. 6.3).

It also assumes that a coronal filling of suffi-
cient quality will be placed as soon as possible 
after the canal/s are filled. At the present time, it is 
also assumed that it is not possible to sterilize the 
root canal and physically remove all biofilms from 

a b

Fig. 6.1 (a) The use of operative microscope in the endodontic specialty practice; (b) systematic teaching to general 
practitioners on the use of operative microscope
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its complex anatomy. Thus, there are three basic 
requirements from a root canal filling [8] (Fig. 6.4):

 (a) Guarantee a tight apical seal to prevent influx 
of periapical fluids, which may nourish sur-
viving microbes in the root canal.

 (b) Isolate surviving microbes in the root canal 
space so that they cannot multiply and/or 
communicate with the peri-radicular tissues.

 (c) Stop coronal leakage after the root canal and 
crown is filled.

Fig. 6.2 Endodontic therapy on a non-vital case with an 
apical periodontitis. With an adequate treatment protocol 
to control intra-canal infection, the root filling will main-

tain the low microbial load below the threshold for clini-
cal and radiographic success

Apical third
bacteria 800µm

a b

Fig. 6.3 Illustration demonstrating the intra-canal infection in the main canal (a) and in the dentinal tubules (b)

6 Filling of Root Canals After Minimally Invasive Preparation



112

6.4  Materials and Techniques

Filling the root canal requires the development 
of adequate materials and techniques to maxi-
mize the properties of those materials. 
Figure 6.5 reports the list of Grossman’s ideal 
properties of a root canal filling material [9]. 
Not much has changed since Grossman con-
structed his list of requirements over 70 years 
ago. Clinicians still use a core material to take 
up as much space as possible and a sealer to fill 
the voids between the core material(s) and the 
dentin.

6.4.1  Core Materials

Gutta-percha (GP) and silver points have been 
the most used core materials over the last 
100 years [10–12]. In 2017, a position statement 

from the American Association of Endodontists 
[13] recommended to discontinue the use of sil-
ver points due to: (1) corrosion in the presence of 
blood and tissue fluids; (2) staining of the tooth 
and surrounding tissues; (3) inability to perform 
post and cores after root filling and (4) difficulty 
to remove in apical surgery retrograde prepara-
tions. Thus, GP is the primary core material in 
use today. Cones of GP contain approximately 
20% GP and 80% fillers used for colouring and 
radiographic contrast [14]. GP comes in its natu-
ral form (alpha phase) or manufactured form 
(beta phase) [14–17].

6.4.2  Types of Sealers

As mentioned, sealers are the most important fac-
tor for the quality of the seal in root filling. Many 
different sealers have been used over the last 
50  years, including those based on chloroform 
mixed with GP, zinc oxide–eugenol, calcium 
hydroxide, silicon, glass-ionomer cement and 
epoxy or methacrylate resins [14, 17, 18]. All are 
mixed and introduced in the canal in a fluid form 
and have enough working time to allow the prac-
titioner to place the root canal filling to his/her 
satisfaction before placing the coronal restora-
tion. It is then assumed they will then harden by a 
setting reaction in a reasonable time after place-
ment into the canal.

6.4.3  How Well Do Traditional 
Filling Materials and Methods 
Perform?

The traditional root filling comprises a standard 
GP core and round accessory cones combined 
with a sealer to fill the space between the GP 
points themselves and the GP and the dentinal 
walls. The GP core material acts only as a filler 
and does not seal the canal. In fact, when tested in 
an in  vitro model microbes are able to travel 
throughout the length of the canal in 2 h if only 
gutta-percha is present in the canal without sealer 

a

b

c

Fig. 6.4 Three basic requirements from a root canal fill-
ing: (a) Guarantee a tight apical seal to prevent influx of 
periapical fluids, which may nourish surviving microbes 
in the root canal; (b) Isolate surviving microbes in the root 
canal space so that they cannot multiply and/or communi-
cate with the peri-radicular tissues; (c) Stop coronal leak-
age after the root canal and crown is filled
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[19]. The leakage can be delayed for up to 30 days 
with the use of a sealer [4] (Fig. 6.6).

Despite sealers are the materials in root filling 
that actually provide resistance to leakage, tradi-
tional sealers have serious shortcomings in that 
they generally shrink on setting and wash out in the 
presence of tissue fluids [4, 14, 20–27] (Fig. 6.7).

In addition sealers do not bond to the gutta- 
percha core material, leaving gaps (Fig. 6.8) with 
potential for microbial leakage (Fig.  6.9) when 
the sealer shrinks on setting [28].

Thus, in order to maximize the sealing ability 
of sealers, but minimize their shortcomings, the 
sealer used in traditional root canal filling tech-
niques needed to be as thin as possible. Since the 
GP core is generally produced in a cone shape 
with a round diameter, it is very difficult to keep 
the sealer thin in most root canals as they are gen-
erally irregular in shape and may have many 
communications.

Many in vitro, in vivo animal studies and clini-
cal outcome studies on the traditional methods of 

Introduced easily in to the root canal

It should impervious to moisture

It should seal the canal laterally as well as apically

It should not shrink after being inserted

It should be bacteriostatic or least should discourage growth

It should be radiopaque

It should not stain tooth structure

It should not irritate periapical tissue

It should be easily removed from the root canal it necessary

It should be sterile or easily and quickly sterilised immediately before insertion

Grossman, 1936

-

-

-

-

-

-

-

-

-

-

Fig. 6.5 Grossman’s 
ideal properties of a root 
canal filling material

Human Saliva Penetration of Coronally
Unsealed Obturated Root Canals
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Fig. 6.6 In vitro evaluation of saliva penetration of root canals. Note that the seal achieved with GP alone is indistin-
guishable from the negative control. (From Khayat et al. [4])
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single-cone or lateral condensation techniques uni-
formly show that the traditional filling materials do 
not seal the root canal [27, 28]. Sabeti et  al. [4] 
found no difference in the outcome when a canal 
was root filled compared to left empty. This study 
emphasizes the susceptible quality of our root fill-
ing techniques and the importance of the coronal 
restoration for root canal success [4–18, 20–27].

A review and meta-analysis showed no differ-
ences in the clinical outcome of root canal obtu-
ration by warm GP or cold lateral condensation, 
except in overextention that was more likely to 
occur in the warm GP obturation group in com-

parison with the lateral condensation group [29]. 
Friedman et al. in outcome studies also showed 
no statistical differences in the obturation meth-
ods used (lateral and vertical condensation) on 
teeth with and without apical periodontitis [30]. 
However, the recall rate of these studies was very 
low and below 20%. In the latest publication of 
these studies [31], Chevigny et al. discussed that 
obturation techniques appeared as a significant 
outcome predictor for teeth with apical periodon-
titis, but it should be important to confirm these 
data with properly designed randomized con-
trolled trials [30].

Zinc Oxide Based Sealers

Ca(OH)2 Based Sealers

Glass ionomer Based
Sealers

Silicone Based
Sealers

Epoxy Resin
Based Sealers
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Fig. 6.7 Table showing expansion/contraction of popular sealers. Silicone and epoxy resin-based sealers expand 
slightly before shrinking [14]

Fig. 6.8 SEM image of 
the cut surface of a root 
filled with gutta-percha 
and a resin-based sealer. 
Note the gap between 
the GP and sealer 
(courtesy of Dr. Eldeniz 
[28])
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6.5  Attempts to Improve Root 
Canal Fillings

The most influential attempt to improve the per-
formance of root canal filling was by Herbert 
Schilder in the 1960s [32, 33]. Schilder recog-
nized that one of the problems in filling was 
that the round gutta-percha core materials were 
unable to keep the sealer in a thin layer because 
the canals themselves were mostly oval. Thus, 
in too many areas the sealer was thick and vul-
nerable to shrinkage and wash out. Schilder 
heated gutta-percha in order to make it pliable 
and able to be moved into these non-round 
areas and keeping the sealer as thin as possible. 
Additionally, the hydraulic nature of the tech-
nique resulted in many accessory canals being 
visualized on the radiograph due to the sealer 
and/or gutta-percha being forced into these 
small spaces, creating a detailed picture on the 
radiograph with the impression that a superior 
“3D” filling had been placed (Fig. 6.10). This is 
the well-known warm vertical compaction tech-
nique by Schilder [34].

The logic behind this technique was compre-
hensive and the outstanding radiographic results 
were universally accepted as a technique for spe-
cialists or “advanced” generalists. The technique 
has been improved on the following years after 
its introduction and was named as continuous 
wave compaction technique by Buchanan [35]. 

This technique has several phases and requires a 
selection of instruments and devices: (1) selec-
tion of a greater taper GP corresponding to the 
last instrument; (2) selection of a plugger to be 
pre-fitted 4–5 mm from the working length; (3) 
the canal is coated with a thin layer of root canal 
sealer; (4) the primary GP cone is inserted at the 
working length (WL) minus 0.5  mm; (5) com-
paction heat carrier-plugger instrument is acti-
vated and stopped to the reference point (4–5 mm 
from WL); (6) the apical GP is now lightly con-
densed with selected hand pluggers; (7) a layer of 
sealer may be re-applied on the coronal part of 
the apical GP plug; (8) the back-filling of the 
coronal part is done by using a GP gun; (9) the 
coronal part now is condensed with large 
pluggers.

However, this technique can be technically 
sensitive, and it may do little to overcome the 
weak points of the original single-cone or lateral 
condensation techniques [30]. Once the heated 
gutta-percha cools, it may shrink even more than 
the sealer does on setting [36, 37]. In addition, 
the shrinkage of the GP and sealer (instead of 
sealer only) may result in a larger gap between 
the gutta-percha and sealer [28], exaggerating the 
weakness of no bond between the two. 
Furthermore, many points on the root canal wall 
force the sealer out, resulting in gutta-percha fill-
ing the canal without any sealer in that particular 
area of the root [38].

Even if the warm GP techniques may leave 
less voids and obtain a better 3D compaction of 
the filling materials [39, 40], other studies have 
shown no benefit in sealing the root canal with 
the heated vertical condensation technique com-
pared to the traditional lateral condensation tech-
nique [38].

A recently identified complication of the 
warm compaction technique is the need for a 
larger taper to be used to instrument the mid- 
coronal portion of the canal, in order to place a 
heated plugger within 4  mm of the working 
length. The use of large tapered instruments 
(NiTi orifice openers or Gates-Glidden burs) has 
recently been shown to produce micro-fractures 
in the root [41–45]. Additionally, the thinning of 
the root dentin proportionally weakens the tooth 

Fig. 6.9 SEM picture with microbial leakage when a 
resin-based sealer shrinks on setting (courtesy of Dr. 
Ørstavik [25])
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potentially leaving the root unnecessarily suscep-
tible to fracture [42, 44–46].

This may be the main limitation to adopt this 
technique in particularly conservative root canal 
preparation and access cavity: in most of these 
cases the clinician may have difficulties to keep 
the heat carrier-plugger to 4–5  mm from the 
working length to properly execute the warm 
compaction of the apical GP.  If it will remain 
more coronal than 5 mm from the working length, 
GP master point will be not modified by the heat 
in its last millimetres and the consequence may 
be presumably the presence of a single cone sur-
rounded (covered) by sealer in the apical third of 
the canal.

To overcome the several and sensitive steps on 
the continuous wave compaction technique, a 
carried-based GP material and technique has 
been developed [47]. Thermafill (Dentsply- 
Sirona Endodontics, Baillagues, Switzerland) 
has been the most popular of these carried-based 
GP materials. Pirani et  al. [48] have recently 
shown on a 5-year retrospective study that the 
survival and healing rates after root canal treat-
ment with Thermafil were comparable to those 

previously reported for conventional root filling 
techniques. The major disadvantage of a carrier- 
based technique in minimally invasive endodon-
tic procedures may be the technical difficulty to 
insert the obturator through small coronal spaces 
without a straight-line access. This may increase 
the possibility to bend the obturator in an unnatu-
ral way, to detach the GP from the carrier, to 
cover the orifices of the other root canals of 
multi-rooted teeth with excess of GP flowing 
coronally and to fill undercuts in conservative 
access cavities with stocky sealers and GP, being 
very difficult to be cleaned after filling 
procedures.

Another attempt to improve root filling perfor-
mance was the introduction of a methacrylate 
core-sealer resin [49]. The idea behind of this 
newly introduced material was to effectively 
bond to the resin core material (monoblock), thus 
eliminating one gap consistently present in the 
other techniques. The methacrylate resin was 
also aimed to chemically bond to clean dentin on 
the root walls. The use of these materials did not 
require large tapered canal preparation and warm 
vertical condensation techniques to minimize the 

Fig. 6.10 Upper premolar root filled with the well-known warm vertical compaction technique

G. Debelian and G. Plotino



117

layer of the sealer used which fits perfectly on the 
minimally invasive endodontic preparations.

While in vitro and in vivo studies results for 
this material were generally positive compared to 
traditional techniques [50–55], Strange et al. [56] 
have recently demonstrated on a low recall rate 
(21.6%) study, a statistically poorer clinical out-
come for this material (Resilon) and technique 
compared to traditional gutta-percha/AH Plus. 
Thus, methacrylate-based sealers demonstrated 
the same shortcomings of the traditional sealers 
(shrinkage and wash out) and are also extremely 
technique-sensitive materials. In routine root 
canal instrumentation techniques, where sodium 
hypochlorite is used, the oxygen that is produced 
made the sealer particularly difficult to use and 
resulted in many cases where the sealer failed to 
set or disintegrate [57].

6.6  Bioceramic Materials

Bioceramics (BC) are ceramic materials specifi-
cally designed for medical and dental use. During 
the 1960s and 1970s, these materials were devel-
oped for use in the human body such as joint 
replacement, bone plates, bone cement, artificial 
ligaments and tendons, blood vessel prostheses, 
heart valves, skin repair devices (artificial tissue), 
cochlear replacements and contact lenses [58]. 
Bioceramics are inorganic, non-metallic, bio-
compatible materials that include alumina and 
zirconia, bioactive glass, coatings and compos-
ites, hydroxyapatite and resorbable calcium 
phosphates and radiotherapy glasses [59–61]. 
They are chemically stable, non-corrosive and 
interact well with organic tissue.

Bioceramics are classified as:

• Bioinert: non-interactive with biologic systems.
• Bioactive: durable in tissues that can undergo 

interfacial interactions with surrounding 
tissue.

• Biodegradable, soluble or resorbable: eventu-
ally replace or are incorporated into tissues.

There are numerous bioceramics currently in 
use in dentistry and medicine [62]. Alumina and 

zirconia are bioinert ceramics used in prosthetics. 
Bioactive glass and glass ceramics are available 
for use in dentistry under various trade names. In 
addition, porous ceramics such as calcium 
phosphate- based materials have been used for fill-
ing bone defects. Some calcium-silicate-based 
materials (MTA—mineral trioxide aggregate, 
ProRoot® MTA Root Repair; DENTSPLY-Tulsa 
Dental Specialties, Tulsa, US) and bioaggregates 
(DiaRoot® BioAggregate; DiaDent, Almere, The 
Netherlands) have also been used in dentistry as 
materials for root repair and for apical root filling.

6.6.1  Bioceramics in Endodontics

Calcium-silicate-based materials used in end-
odontics are generally wide known as Bioceramics 
or Bioactive Endodontic Cements (BECs) [63, 
64], but due to the wide range of materials under-
going this definition, materials for endodontic 
use should be better defined as “hydraulic 
cements”, in both their version as root canal 
sealer (RCS) or repair/root-end material (RRM), 
as they are all based on the same active ingredi-
ent: tricalcium silicate [65].

These materials used in endodontics can be cat-
egorized by composition, setting mechanism and 
consistency [28, 58, 66]. There are sealers and 
pastes, developed for use with gutta-percha and 
putties, designed for use as the sole material, com-
parable to MTA [66]. Some are powder/liquid sys-
tems that require manual mixing. The mixing and 
handling characteristics of the powder/liquid sys-
tems may be technique sensitive and produce 
waste. Pre-mixed bioceramics require moisture 
from the surrounding tissues to set. The pre-mixed 
sealer, paste and putty have the advantage of uni-
form consistency and lack of waste. These pre-
mixed bioceramics are all hydrophilic [66].

6.6.2  Available Hydraulic 
Endodontic Cements  
(Tables 6.1–6.3)

Few clinicians realize that original MTA is a clas-
sic hydraulic cement with the addition of some 
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heavy metals [62]. MTA is one of the most exten-
sively researched materials in the dental field 
[67–74]. It has the properties of all bioceramics, 
i.e. high pH when unset, biocompatible and bio-
active when set and provides an excellent seal 
over time [72]. However, it has some disadvan-
tages. The initial setting time might be long, it 
requires mixing, it is not easy to manipulate and 
it is hard to remove [67]. Clinically both grey and 
white MTA may stain dentin, presumably due to 
the heavy metal content of the material or the 
inclusion of blood pigment while setting [75]. 
Finally, MTA is hard to apply in narrow canals, 
making the material poorly suited for use as a 
sealer, even if clinical techniques have been sug-
gested [76]. Efforts have been made to overcome 
these shortcomings with new compositions of 
MTA or with additives to make it more fluid. 
However, these formulations affect its physical 
and mechanical characteristics, consequently 
affecting its performance [77, 78].

Biodentine (Septodont, Saint-Maur-des- Fosses, 
France) is considered a second generation of end-
odontic bioactive materials, which has similar 
properties to MTA and thus can be used for all the 
applications set out above for MTA [79, 80]. Its 
advantages over MTA are it has a shorter setting 
time (approximately 12–15 min) and has a com-
pressive strength similar to dentin [81]. A major 
disadvantage is that it is triturated for 30  s in a 
preset quantity (capsule), making waste inevitable 
in the vast majority of cases, since only a small 
amount is usually required. BioRoot RCS 
(Septodont) is a new mixable powder/liquid cal-
cium-silicate-based material, which has a fluid 
consistency to be used as root filling sealer [82].

In 2007, a Canadian research and product 
development company (Innovative BioCeramix, 
Inc., Vancouver, Canada) developed a pre-mixed, 
ready-to-use calcium silicate-based material, 
iRoot® SP injectable root canal sealer (iRoot® 
SP) [66]. Since 2008 these endodontic pre-mixed 
bioceramic products are available in North 
America from Brasseler USA as EndoSequence® 
BC Sealer™, RRM™ (Root Repair Material™, a 
syringable paste) and RRM-Fast Set Putty™. 

Recently, these materials have also been mar-
keted as Totalfill® BC Sealer™ [28]. In the last 
years several companies have developed pre- 
mixed bioceramic materials, which are today 
available on the market [62].

Both forms (sealer and putty) of these pre- 
mixed hydraulic cements are similar in chemical 
composition (calcium silicates, zirconium oxide, 
tantalum oxide, calcium phosphate monobasic 
and fillers) and have excellent mechanical and 
biological properties and good handling proper-
ties [83–116]. They are hydrophilic, insoluble, 
radiopaque, aluminium-free and with high pH 
and sealability properties [83–116].

6.6.3  Hydraulic Endodontic 
Cements for Root Filling

Hydraulic endodontic cements are not sensitive 
to moisture and blood contamination and there-
fore are less technique sensitive [66]. They are 
dimensionally stable and expand slightly on set-
ting, making them one of the best sealing materi-
als in dentistry [66, 84, 117–119]. When set they 
are hard and insoluble consequently ensuring a 
superior long-term seal [66]. The pH at setting is 
above 12, which is due to the hydration reaction 
forming calcium hydroxide and later dissociation 
into calcium and hydroxyl ions [66, 67, 110, 117] 
(Fig. 6.11a, b). When unset the material has anti-
bacterial properties [82, 84]. When fully set it is 
biocompatible and even bioactive [84–95]. When 
hydraulic cements come in contact with tissue 
fluids, they release calcium hydroxide, which 
interact with phosphates in the tissue fluids, to 
form hydroxyapatite [66] (Fig. 6.11c). This latter 
property may also explain some of the tissue- 
inductive properties of the material [66]. For the 
reasons above, these materials are now the mate-
rial of choice for pulp capping, pulpotomy, perfo-
ration repair, root-end filling and obturation of 
immature teeth with open apices, and given their 
properties, they are becoming more and more 
popular as sealers for root canal filling of mature 
teeth with closed apices [58, 62, 66].
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Table 6.1 MTA materials commercially available

Name Manufacturer Composition Setting time
ProRoot mineral 
trioxide 
aggregate (grey)

Dentsply Tulsa 
dental specialties, 
Johnson City, TN, 
USA

Tricalcium silicate, dicalcium silicate, 
bismuth oxide, tricalcium aluminate, 
calcium sulphate dihydrate (gypsum) 
and calcium aluminoferrite liquid: 
distilled water

Initial setting time has been reported 
from 70 to 74 min, while the final 
setting time is 210–320 min

Tooth-coloured 
ProRoot mineral 
trioxide 
aggregate (white)

Dentsply Tulsa 
dental specialties, 
Johnson City, TN, 
USA

Tricalcium silicate, dicalcium silicate, 
bismuth oxide, tricalcium aluminate, 
calcium sulphate dihydrate or gypsum 
liquid: distilled water

4 h

Angelus MTA 
(grey and white)

Angelus, Londrina, 
Brazil

Tricalcium silicate, dicalcium silicate, 
bismuth oxide, tricalcium aluminate, 
calcium oxide, aluminium oxide, 
silicon dioxide liquid: distilled water

The initial setting time of white 
angelus MTA has been reported to 
be about 8.5 ± 2.4 min; however, 
other studies reported 130–230 min 
as the setting time for angelus MTA

PD MTA white Produits Dentaires 
SA, Vevey, 
Switzerland

SiO2, K2O, Al2O3, Na2O, Fe2O3, SO3, 
CaO, Bi2O3, MgO
Insoluble residues of CaO, KSO4, 
NaSO4 and crystalline silica. To mix 
with distilled water

The material starts setting after 
approximately 10 min and the final 
setting time is 15 min. It is not 
necessary to wait for the final setting 
to continue the treatment procedure

Endocem MTA Maruchi, Wonju, 
Korea

CaO, Al2O3, SiO2, MgO, Fe2O3, SO3, 
TiO2, H2O/CO2, bismuth oxide

4.5–15 min

MicroMega 
MTA

MicroMega, 
Besancon, France

Tricalcium silicate, dicalcium silicate, 
tricalcium aluminate, bismuth oxide, 
calcium sulphate dehydrate and 
magnesium oxide

The manufacturer has claimed that 
the MicroMega MTA setting time is 
20 min; however, there are reports 
that announced MM MTA has a 
setting time of 120–150 min

MTA bio Angelus; Londrina, 
or angelus Solucoes 
Odontologicas, PR, 
Brazil

Portland cement and bismuth oxide The initial setting time of MTA bio 
is 11 min. The final setting time of 
the material is 23.22 min

MTA plus 
(white)

Avalon biomed Inc., 
Bradenton, FL, USA

Tricalcium silicate, 2CaOSiO2, Bi2O3, 
3CaOAl2O3 and CaSO4

MTA plus setting time is 
128 ± 8 min. In contact with 
moisture the material needs longer 
time to set

MTA plus (grey) Avalon biomed Inc., 
Bradenton, FL, USA

Tricalcium silicate, dicalcium silicate, 
bismuth oxide, tricalcium aluminium 
oxide, calcium sulphate and 
Ca2(Al,Fe)2O5

Initial setting time at 37 °C: ~15 min 
when thickly mixed with gel; 
otherwise longer for sealer (~3 h)

OrthoMTA BioMTA, Seoul, 
Korea

Tricalcium silicate, dicalcium silicate, 
tricalcium aluminate, tetracalcium 
aluminoferrite, free calcium oxide and 
bismuth oxide

324.0 ± 2.1 min

RetroMTA BioMTA, Seoul, 
Korea

Calcium carbonate, silicon oxide, 
aluminium oxide and hydraulic 
calcium zirconia complex; liquid: 
water

Initial setting time of 150–180 s and 
final setting time of 360 min

Aureoseal MTA Giovanni Ogna and 
Figli, Muggio, 
Milano, Italy

The powder consists of Portland 
cement, bismuth oxide, setting- time 
controllers, plastifying agents and 
radiopaque substances. The liquid is 
distilled water

No setting time has been reported 
for the material

CPM MTA EGEO SRL, Buenos 
Aires, Argentina

MTA, calcium chloride, calcium 
carbonate, sodium citrate, propylene 
glycol alginate and propylene glycol

The initial setting time of end-CPM 
is 6–15 min, while the material’s 
final setting time is 22–27 min
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Table 6.2 Hydraulic endodontic cements for root repair

Name Manufacturer Composition Setting time
BioAggregate Innovative 

BioCeramix, 
Vancouver, BC, 
Canada

Tricalcium silicate, dicalcium 
silicate, calcium phosphate 
monobasic, amorphous silicon 
oxide and tantalum pentoxides 
liquid: deionized water

Based on the manufacturer data 
sheet, BioAggregate has a setting 
time of 240 min

Biodentine Septodont, 
Saint-Maur-
desFosses Cedex, 
France

Tricalcium silicate, dicalcium 
silicate, calcium carbonate, 
zirconium oxide, calcium oxide, 
iron oxide liquid: Calcium chloride, 
a hydrosoluble polymer and water

The setting time of biodentine has 
been reported as 6.5–45 min

Calcium-enriched 
mixture (CEM) 
cement

BioniqueDent, 
Tehran, Iran

Calcium oxide, silicon dioxide, 
Al2O3, MgO, SO3, P2O5, Na₂O, Cl 
and H&C Liquid: water-based 
solution

50 min

EndoBinder Binderware, Sao 
Carlos, Brazil

Al2O3 and CaO 60 min

Endocem Zr Maruchi, Wonju, 
Korea

Calcium oxide, silicon dioxide, 
aluminium oxide, magnesium 
oxide, ferrous oxide, zirconium 
oxide

–

EndoSequence, RRM, 
RRP

Brasseler, 
Savannah, GA, 
USA

Zirconium oxide, calcium silicates, 
tantalum oxide, calcium phosphate 
monobasic and filling and 
thickening agents

The setting time of EndoSequence 
putty is 61.1 ± 2.5 min and the 
final setting time is 208 ± 10 min

TotallFill, RRM, RRP FKG Dentaire, 
La-Chaux-De-
Fonds, 
Switzerland

Zirconium oxide, calcium silicates, 
tantalum oxide, calcium phosphate 
monobasic and filling and 
thickening agents

The setting time of EndoSequence 
putty is 61.1 ± 2.5 min and the 
final setting time is 208 ± 10 min

NeoMTA plus Avalon biomed 
Inc., Bradenton, 
FL, USA

Tricalcium silicate, dicalcium 
silicate, tantalite, calcium sulphate 
and silica

NeoMTA plus has had a 50- to 
60-min setting time when prepared 
with putty consistency; otherwise, 
when used as a root canal sealer 
with loose consistency, it may take 
5 h to set

Quick-set Avalon biomed 
Inc., Bradenton, 
FL, USA, patent 
pending

Monocalcium aluminate powder 
that contains bismuth oxide (as a 
radiopacifier) and hydroxyapatite

12 min

iRoot FS (fast 
setting), iRoot BP 
(injectable) and iRoot 
BP plus (putty)

Innovative 
BioCeramix Inc., 
Vancouver, 
Canada

iRoot FS: Calcium silicates, 
zirconium oxide, tantalum oxide 
and calcium phosphate monobasic 
iRoot BP (BioCeramix Inc.) and 
EndoSequence BC sealer (Brasseler 
USA) have had the same formula 
including zirconium oxide, calcium 
silicates, tantalum oxide, calcium 
phosphate monobasic, and filler and 
thickening agents

iRoot FS showed setting after 1 h, 
iRoot BP and iRoot BP plus 
became solid after 5–7 days

Tech biosealer 
capping, tech 
biosealer root end, 
tech biosealer apex

Isasan, Como, 
Italy

Mixture of white CEM, calcium 
sulphate, calcium chloride, bismuth 
oxide, montmorillonite

The final setting time of various 
types of tech biosealer differ from 
each other. Tech biosealer capping 
has a final setting time of 55 min
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• Hydration Reactions (a, b)

• Precipitation Reaction

2[3CaO·SiO2]+6H2O→3CaO·2SiO2·3H2O+3Ca(OH)2  (a)

2[2CaO·SiO2]+4H2O→3CaO·2SiO2·3H2O+Ca(OH)2    (b)

7Ca(OH)2+3Ca(H2PO4)2 →Ca10(PO4)6(OH)2+12H2O  (c)

Fig. 6.11 (a, b) 
Hydration reaction of 
bioceramic material in 
contact with water with 
the release of Ca(OH)2; 
(c) precipitation reaction 
of the bioceramic which 
releases calcium 
hydroxide and interacts 
with phosphates in the 
tissue fluids forming 
hydroxyapatite

Table 6.3 Hydraulic endodontic cements for root canal filling

Name Manufacturer Composition Setting time
BioRoot RCS 
(root canal 
sealer)

Septodont, Saint-
Maur-desFosses 
Cedex, France

Tricalcium silicate, zirconium oxide 
(opacifier) and excipients in its powder 
form, and calcium chloride and excipients 
as an aqueous liquid

Less than 4 h

Endosequence 
BC (bioceramic) 
sealer

Brasseler, Savannah, 
GA, USA

Zirconium oxide, calcium silicates, 
calcium phosphate monobasic, calcium 
hydroxide, filler and thickening agents

Setting time is 4 h 
measured according to ISO 
6876:2001. However, in 
very dry root canals, the 
setting time can be more 
than 10 h

TotallFill 
(bioceramic 
sealer)

FKG Dentaire, 
La-Chaux-De-Fonds, 
Switzerland

Zirconium oxide, calcium silicates, 
calcium phosphate monobasic, calcium 
hydroxide, filler and thickening agents

Setting time is 4 h 
measured according to ISO 
6876:2001. However, in 
very dry root canals, the 
setting time can be more 
than 10 h

iRoot SP (sealer) Innovative 
BioCeramix Inc., 
Vancouver, Canada

iRoot SP:Zirconium oxide, calcium 
silicates, calcium phosphate, calcium 
hydroxide, filler and thickening agents

4 h

Tech biosealer 
Endo

Isasan, Como, Italy Mixture of white CEM, calcium sulphate, 
calcium chloride, bismuth oxide, 
montmorillonite

Tech biosealer Endo has a 
final setting time of 77 min

EndoSeal MTA Maruchi, Wonju, 
Korea

Calcium silicates, calcium aluminates, 
calcium aluminoferrite, calcium sulphates, 
radiopacifier and a thickening agent

12.31 min

MTA Fillapex Angelus Industria de 
Produtos 
Odontologicos S/A, 
Londrina, Brazil

A MTA root canal sealer with 
nanoparticles of silica

The material’s setting time 
is 19.3 min. In dry 
conditions, the material 
fails to set

TheraCal LC 
(light cured)

Bisco Inc., 
Schaumburg, IL, 
USA

CaO, Sr glass, fumed silica, barium 
sulphate, barium zirconate, Portland 
cement type III and resin containing 
Bis-GMA (bisphenol A-glycidyl 
methacrylate) and PEGDMA (polyethylene 
glycol-dimethacrylate)

The setting time has been 
reported to be 0.3 min 
because of the use of light 
cure technology
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6.6.4  Properties of Hydraulic 
Endodontic Cements

To date, more than 90 studies have been per-
formed on calcium-silicate hydraulic endodontic 
cements [83–119]. The vast majority of these 
studies have shown that the properties conform to 
those expected of a bioceramic material and are 
similar to MTA.

6.6.4.1  Biocompatibility 
and Cytotoxicity

Several in vitro studies report that BC materials 
display biocompatibility and cytotoxicity that are 
similar to MTA [83–94]. Cells required for 
wound healing attach to the BC materials and 
produce replacement tissue [84]. In comparison 
to AH Plus® (Dentsply-Maillefer) and Tubli- 
Seal™ (Kerr Endodontics), BC Sealer showed a 
lower cytotoxicity [83, 84]. On the other hand, 
one study concluded that BC Sealer remained 
moderately cytotoxic over the 6-week period [94] 
and osteoblast-like cells had reduced bioactivity 
and alkaline phosphatase activity compared to 
MTA and Geristore® (DenMat) [95]. A recent 
study comparing the results of apicoectomies 
done with MTA or bioceramic putty on dogs 
showed the bioceramic putty to be slightly better 
than the MTA, presumably due to its superior 
handling properties [96].

6.6.4.2  pH and Antibacterial Properties
BC materials have a pH of 12.7 while setting, 
similar to calcium hydroxide, resulting in anti-
bacterial effects [97]. BC Sealer was shown to 
exhibit a significantly higher pH than AH Plus 
for a longer duration [98]. Alkaline pH pro-
motes elimination of bacteria such as E. fae-
calis. In vitro studies reported EndoSequence 
paste produced a lower pH than white MTA 
in simulated root resorption defects [97] and 
EndoSequence paste, putty and MTA had simi-
lar antibacterial efficacy against clinical strains 
of E. faecalis [98].

6.6.4.3  Bioactivity
Exposure of MTA and EndoSequence Putty to 
phosphate-buffered saline (PBS) resulted in pre-

cipitation of apatite crystalline structures that 
increased over time, suggesting that the materials 
are bioactive [99, 100]. iRoot SP exhibited sig-
nificantly lower cytotoxicity and a higher level of 
cell attachment than MTA Fillapex, a salicylate 
resin-based, MTA particles containing root canal 
sealer [100]. EndoSequence Sealer had higher 
pH and greater Ca2+ release than AH Plus [98] 
and was shown to release fewer calcium ions than 
BioDentine® and White MTA [100].

6.6.4.4  Bond Strength
One study reported that iRoot SP and AH Plus per-
formed similarly and better than EndoREZ® 
(Ultradent) and Sealapex™ (Kerr Endodontics) 
[101]. Another study found that iRoot SP displayed 
the highest bond strength to root dentin compared 
to AH Plus, Epiphany® and MTA Fillapex, irre-
spective of moisture conditions [102]. In a push-
out test, it was similar to AH Plus and greater than 
MTA Fillapex [103]. When iRoot SP was used 
with a self-adhesive resin cement, the bond strength 
of fibre posts was not adversely affected [104]. 
Smear layer removal had no effect on bond 
strengths of EndoSequence Sealer and AH Plus, 
which had similar values [105]. The presence of 
phosphate-buffered saline (PBS) within the root 
canals increased the bond strength of EndoSequence 
Sealer/gutta-percha at 1  week, but no difference 
was found at 2 months [106]. Because of the low 
bond values in these studies, it is doubtful that any 
of these findings are clinically significant.

6.6.4.5  Resistance to Fracture
iRoot SP was shown in vitro to increase resistance 
to the fracture of endodontically treated roots, par-
ticularly when used with bioceramic impregnated 
and coated gutta-percha cones [107]. Fracture 
resistance was increased in simulated immature 
roots in teeth with iRoot SP and in mature roots 
with AH Plus, EndoSequence Sealer and MTA 
Fillapex [108]. Similar results were reported for 
EndoSequence Sealer and AH Plus Jet sealer in 
root-filled single-rooted premolar teeth [109].

6.6.4.6  Microleakage
Microleakage was reported to be equivalent in 
canals obturated with iRoot SP with a single- 
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cone technique or continuous wave condensation 
and in canals filled with AH Plus sealer with con-
tinuous wave condensation [110]. A recent study 
showed a superior sealability of EndoSequence 
putty compared with grey MTA [111].

6.6.4.7  Solubility
High levels of Ca2+ release were reported from 
iRoot SP, MTA Fillapex, Sealapex, and MTA- 
Angelus, but not AH Plus. Release of Ca2+ ions 
is thought to result in higher solubility and sur-
face changes [112]. However, the study tested the 
materials following ANSI/ADA spec. No. 57, 
which is not designed for pre-mixed materials 
that require only the presence of moisture to set. 
This could be the reason for the difference in 
findings in this study and in vivo observations.

6.6.4.8  Retreatment
Removal of EndoSequence Sealer and AH Plus 
were comparable in a study comparing hand 
instruments and ProTaper Universal retreatment 
instruments [113]. However, none of the filling 
materials could be removed completely from the 
root canals [114] and none of the retreatment 
techniques completely removed the gutta-percha/
iRootSP sealer from oval canals [115].

6.6.5  Hydraulic Endodontic 
Cements: An Ideal Core-Sealer 
System for Filling Minimally 
Invasive Preparation?

The present trend to reduce coronal taper of 
root canal preparation to help maintenance of 
coronal tooth structure at the level of the peri-
cervical dentin 4  mm above and below the 
cemento- enamel junction makes subsequent 
phases of the root canal treatment most difficult 
to be performed from a technical point of view 
[1, 2]. Despite present irrigant activation tech-
niques seems to adequately clean middle and cor-
onal thirds of the root even in minimally invasive 
root canal preparation with minimal taper [120], 
the root canal filling procedures for warm obtura-
tion techniques may be impaired by this modified 
shape of instrumentation. A high root canal taper 

has been traditionally advocated to adequately 
perform the classic vertical compaction [121] 
or the modified continuous wave of compaction 
techniques [35] to permit the heat-carrier/plug-
ger to reach 4–5  mm from the working length 
and exert the correct apical-lateral condensation 
forces. Conservative access cavities and mini-
mally instrumented canals in terms of taper, while 
maintaining an adequate apical enlargement to 
permit debridement and disinfection of the most 
delicate apical area, may limit the heat carriers/
pluggers currently available to reach the apical 
third, thus reducing the efficiency of the warm 
compaction techniques. For the same reasons, 
even a carrier-based technique may suffer of the 
same clinical limitations in these clinical condi-
tions, being a limited coronal space an important 
limitation in practically executing this technique.

Hydraulic endodontic cements for filling root 
canals have some properties that may potentially 
change the root filling techniques in general and 
in minimally invasive instrumentation proce-
dures in particular:

 1. The hydraulic cements for root canal filling 
are highly hydrophilic and thus the natural 
moisture in the canal and tubules is an advan-
tage, as they set in the presence of humidity, 
unlike most other sealers, specially the hydro-
phobic resin-based sealer, where moisture is 
detrimental to their performance.

 2. When unset, the hydraulic cements have a pH 
of above 12. Thus, its antibacterial properties 
are similar to calcium hydroxide. Setting is 
dependent on physiologic moisture in the 
canal; therefore, it will set at different rates in 
different environments, but since they have a 
high pH, any delay in setting can be argued as 
a benefit, pending they will set properly.

 3. These sealers do not shrink but expand slightly 
and are insoluble in tissue fluids.

 4. Hydraulic endodontic cements are generally 
used in conjunction with a GP point that may 
be impregnated and coated on the surface with 
a nano-particle layer of bioceramic, which 
may reduce the gap between the sealer and the 
core and has shown to improve the seal of the 
filling.
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 5. Contrarily to the classic warm compaction 
techniques using GP and traditional sealers, in 
which compaction forces aim to reduce as 
much as possible the film thickness of the 
sealer, hydraulic calcium-silicate-based end-
odontic cements for root canal filling should 
be left undisturbed at a certain thickness in 
contact with the root canal walls and espe-
cially in the apical third, to act as the effective 
sealing part of the obturation materials. For 
this reason, high and deep condensation forces 
and high temperatures are not needed for these 
new filling materials.

The properties listed above, particularly in the 
presence of a sealer that does not shrink and is 
insoluble in tissue fluids, should change the long 
held rule that in root filings the core material 
should take up as much space as possible in order 
to mask the shortcomings of the sealer and by 
keeping the sealer as thin as possible. In fact, if it 
was possible to fill the root canal in a homoge-
neous way, ideally the need for a core material 
may be questionable. As it stands, the GP is only 
used to deliver the hydraulic cement through a 
hydraulic condensation and now the sealer can be 
the main component of the root filling.

6.6.6  Root Filling Technique 
with the Hydraulic Endodontic 
Cements

The single-cone technique [122] has been sug-
gested to be used in conjunction with the use of 
hydraulic cements and has gained more and more 
popularity, if applied together with these materi-
als in order to leave the sealer enough thickness 
to act as the main filling material. More impor-
tantly, the requirement to gain space for a plugger 
4  mm from the working length is no longer 
required, allowing the practitioner a much more 
conservative antimicrobial instrumentation pro-
tocol for root canal treatment and leaving a 
thicker and stronger root. Interestingly when the 
taper is not excessive and the gutta-percha point 
is used primarily as a plugger to move the sealer 
into the canal irregularities and accessory canals, 

a radiographic picture similar to the classical 
warm vertical condensation technique is often 
seen (Figs.  6.12, 6.13, 6.14). In this way these 
kinds of sealers are ideal to be used combined 
with the minimally invasive endodontic tech-
niques (Fig. 6.15).

In any case, given the irregular shape of the 
root canals especially in the coronal and middle 
thirds and the fact that a deep compaction is no 
more required with hydraulic cements, a “mild 

a

b

Fig. 6.12 Clinical demonstration of the cold hydraulic 
condensation (HC) on a simulated canal (a), compared to 
the warm vertical HC (b). Note that cold HC (a) is almost 
400% less time consuming compared to (b) (courtesy by 
Dr. Allen Ali Nasseh)

a

b

Fig. 6.13 Radiographic radiopacity of a simulated using 
the cold HC technique (a) compared to the warm HC tech-
nique (b). No differences are shown between these tech-
niques (courtesy of Dr. Allen Ali Nasseh)
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warm compaction technique” may also be sug-
gested to be used with these sealers to unify the 
advantages of a warm compaction in filling the 
lateral irregular spaces, without impairing their 

thickness and their properties with the applica-
tion of high and deep heat and compaction forces 
especially in the most delicate apical third of the 
root (Figs.  6.16 and 6.17). This clinical tech-

Fig. 6.14 Clinical case showing the radiographic aspect of a root filled with the cold hydraulic condensation 
technique

Fig. 6.15 Endodontic case root filled with the hydraulic endodontic cements. This type of sealers and technique are 
ideal to be used combined with the minimally invasive endodontic techniques
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nique aims to use the smallest electric heat plug-
ger at the lowest temperature possible for the 
shortest time possible to compact the materials 
at half- length of the root or maximum 7–8 mm 
from the working length (Fig. 6.18). This aims to 
obtain what we can call a “champagne cork” 
effect, mechanically pushing the sealer through 
the cold cone in the apical third to increase the 
filling of lateral spaces without impairing sealer 
properties as the heat applied through the GP 
point so coronally will not be transferred to the 
sealer in the apical third. This technique may be 
easily applied in minimally invasive access cav-
ity and root canal preparations, as it requires 
bringing the plugger only in the middle third of 
the root.

The amount of sealer introduced into the canal 
should be controlled so that only a modest 

amount is used and the surplus is not introduced 
in the periapical tissues. The syringe delivery 
system should not be positioned deeper than the 
interface of the coronal and middle third of the 
root canal (Figs.  6.16b and 6.17a). The bioc-
eramic sealer flows easier than conventional 
resin-based sealers due to its particle size (<2 μ) 
and this mandates a degree of practice. A gutta- 
percha cone (ideally nano-coated with bioc-
eramic particles) is matched to the root canal 
preparation (Fig 6.16a). Unlike traditional com-
paction techniques where the volume of gutta- 
percha needs to minimize the volume of sealer, 
the GP cone is used primarily to deliver the 
hydraulic cement to the apical seat without heat 
or pressure (GP act as a deliver device/plugger). 
It will allow hydraulic movement of the sealer 
into the irregularities of the root canal and 

a

b

c

d

e

f

g

h

i

Fig. 6.16 Demonstration of the use of the hydraulic end-
odontic cements on a simulated canal in a transparent 
resin block. (a) Selection of a gutta-percha point to the 
correct working length; (b) application of the hydraulic 
cement using a transparent tip; (c) use of the tip as a depot 

for the sealer; (d) distribution of the sealer by a lentulo 
spiral; (e, f) coating the tip of the GP point; (g) placing the 
GP point inside the canal to the working length; (h) sear-
ing off the coronal part of the GP point with a heat plug-
ger; (i) final case
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accessory canals, thus reducing possible voids 
formation related to the injection of the sealer 
only; the bioceramic being bioactive and adher-
ent to the interfacial dentin creates a true imper-
vious apical seal. In addition, the GP will act as a 
pathway for post preparation and retreatment.

Depending on the shape of the apical region 
(circular or ovoid) and the intimacy of fit of the 
master GP cone, the master file used to apically 
gauge and size can be coated with sealer and 
introduced in a counterclockwise manner to 
deposit the sealer at the apical terminus. The 
master cone coated with a thin layer of sealer is 
then slowly introduced to the apical seat to avoid 
trapping air or excess sealer and preventing it 
seating fully (figure). The gutta-percha handle is 
cut with heat at the orifice or below for a canal 
footing or a post-space (Figs. 6.16h and 6.17d).

All variables in an equation are interdepen-
dent. In the case of endodontic success, each 
procedural event is accountable for the posi-

tive treatment outcome; however, regardless of 
its importance, if a concomitant event does not 
provide a suitable biologic conclusion, failure 
ensues. The shrinkage and instability of root canal 
sealers has mandated their use in thin layers and 
necessitated techniques to ensure this require-
ment. Bio-minimalism in canal space prepara-
tion requires a filling material that replicates the 
internal anatomy of the root canal space, adheres 
to interfacial dentin and creates an impervious, 
irreversible seal at all portals of exit.

Some drawbacks should be pointed out when 
using the hydraulic endodontic cements: as dis-
cussed previously, unlike traditional sealers, the 
setting reaction of bioceramic sealers is initiated 
by moisture (hydrophilic) in the canal; therefore 
drying the canal with solvents or alcohol are not 
recommended [123, 124]. Also, the high tem-
perature by the heat pluggers exciding 200  °C 
might dry out the liquid sealer and turn in on 
charcoal- like material losing all its advantageous 

a c e

b d f

Fig. 6.17 Demonstration of the use of the hydraulic end-
odontic cement on the upper first molar. (a, b) Application 
of the hydraulic cement using a transparent tip; (c) placing 

the GP point inside the canal to the working length; (d, e) 
searing off the coronal part of the GP point with a heat 
plugger; (f) final image
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properties [125, 126]. Therefore, a single-cone 
technique with the searing off the coronal part of 
the GP or the modified “mild warm compaction” 
technique described above is recommended.

For this reason, a new version of the sealer 
optimized for root filling techniques using 
high temperatures has been developed (BC 

Sealer HiFlow™, Brasseler). The intention is 
to lower the material’s viscosity when heated 
over 200 °C. Even if scientific literature is still 
lacking to report on the characteristics and 
behaviour of this material, clinically it can be 
observed that the material doesn’t dry out when 
using hot pluggers.

tnemecalp enolCnoitcejni relaeS

First phase Single cone

Mild warm coronal
compaction

Second phase

a

b

Fig. 6.18 Representative drawings of the “mild warm 
compaction technique”. (a) In the first phase the hydraulic 
cement is injected in the root canal and the máster GP 

cone is inserted at the working length; (b) in the second 
phase a mild warm compaction to mid-root is performed
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6.7  Use of Dental Operating 
Microscope During the Root 
Filling Phase on Minimally 
Invasive Canal Preparation

In all areas, from exposure of the access cavity 
and preparation to three-dimensional obturation, 
the operating microscope provides major advan-
tages over working without appropriate magnifi-
cation (Fig. 6.19).

Today clinicians have a number of methods, 
materials and technologically advanced instru-
ments at their disposal to achieve their goals. 
Poor obturation quality as judged by radiographs 
has been associated with non-healing in 65% of 
retreatment cases. The use of the operative micro-
scope will clinically access areas that are impera-
tive for successful treatment and obturation.

All these high-precision work can be done 
also through micro-mirrors and micro-inva-

sively, avoiding the removal of unnecessary 
tooth structure that are also imperative for suc-
cessful treatment, preventing in this way tooth 
fracture, micro-cracks and coronal leakage 
(Fig. 6.20).

During the root filling phase the clinicians are 
able with the microscopic techniques to avoid 
obturation errors often as a result of inadequate 
cleaning and shaping (ledges, perforations, inac-
curate working lengths and underprepared or 
overprepared canals), control the apical terminus 
without excessive material overextending into 
periapical tissues, control isthmus and irregular 
areas inside the root canals space condensing the 
sealers and core material in these areas, and ade-
quately filling the root canal system in three- 
dimensions and, if inadequate obturation is not a 
result of an instrumentation error, the clinician 
should recognize this reversible procedural error 
and remedy this event.

a c

b d

Fig. 6.19 A clinical case showing the minimally invasive access cavity (a, b) and root canal preparation with the aid 
of an operating microscope (c, d)
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6.8  Conclusions

Root filling has long been a weak link in root 
treatment, making the endodontist too dependent 
on the quality of the coronal filling. The shrink-
age of root canal sealers and instability in tissue 
fluids has necessitated a thin layer of sealer and 
has resulted in instrumentation techniques with 
large tapers primarily directed to this root filling 
techniques requirements. In many cases this has 
led to excessive removal of dentin on the coro-
nal and middle third of the root canals, making 
the entire root more susceptible to fracture. The 
hydraulic endodontic cements do not shrink and 
are insoluble in tissue fluids. In this way these 
materials can be the primary filling material with 
the core material used only to assist in moving 
the sealer into canal irregularities. This allows 
the practitioner to perform the microbial control 
without removing dentin unnecessarily and leav-
ing a stronger root for restorative reconstruction. 

Combining these materials and filling techniques 
with low taper NiTi conforming files to conserva-
tively prepare the root canals will fit to the con-
cept of minimally invasive endodontic treatment.

In conclusion, many good techniques are 
available to the clinician for the root filling phase 
of root canal treatment. It seems that the use of 
low taper NiTi conforming files to conservatively 
prepare the root canals maintaining as much 
sound peri-cervical dentin as possible and the 
new calcium-silicate-based hydraulic endodontic 
cements can predictably fill the root canal space 
on a more biological and conservative settings. 
Excess of root filling material can be controlled 
with high magnification and allow the place-
ment of a deep filling underneath the root canal 
entrance with a bacterial tight and permanent fill-
ing. The combination with a biological root fill-
ing material and an optimal tight coronal filling 
will lead to a more predictable and high success-
ful endodontic therapy.

Fig. 6.20 Micro-invasively access cavity opening and 
root canal preparation has the advantage to avoid the 
removal of unnecessary tooth structure that is imperative 

to prevent tooth fracture, micro-cracks and coronal leak-
age. Lower first molar with a minimally invasive access 
cavity preparation, shaping and root filling
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7.1  Endodontic Retreatment

The concept of minimally invasive retreatment 
suggests conflict, because after all, how can it be 
minimally invasive when there is a need of a sec-
ond intervention on the same tooth?
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In this chapter, we shall discuss clinical strate-
gies to increase the success rate in cases of con-
ventional gutta-percha retreatment (excluding 
mishaps and procedural errors) as well as cases 
recommended for endodontic surgery, keeping in 
mind the balance between preserving maximum 
possible healthy dental structure and the need to 
promote the removal of the etiologic agent 
responsible for failure of initial treatment.

Practice protocols will be described based on 
dental anatomy and its three-dimensional inter-
pretation during clinical procedures based on 
clinical and scientific evidence and incorporating 
the most important technological advances within 
the specialty.

7.2  Conventional Retreatment 
of Gutta-Percha

7.2.1  Case Planning

In most endodontic retreatment cases gutta- 
percha and sealer must be removed before further 

repreparation and refilling can be performed. The 
effectiveness of removing the filling material 
depends on its position, extent, and adaptation to 
the canal walls [1]. Therefore, proper planning 
must be done for each clinical case based on digi-
tal radiographic images and also high-resolution 
CT scan.

Cone-beam computed tomography (CBCT) 
has been increasingly used in endodontics and 
represents an important technological resource in 
retreatment cases not only for the proper diagno-
sis of each case but also for the planning of clini-
cal actions to be adopted.

What to look for:

 – Presence of lesion and its relationship with 
roots and adjacent dental structures 
(Fig. 7.1).

 – Presence of root resorptions or procedural 
errors (Fig. 7.2).

 – Position and extent of filling in each canal and 
its relation with the anatomy (Fig. 7.3).

 – Presence of missed canals and other anatomic 
variables (Fig. 7.4).

Fig. 7.1 Patient was referred for endodontic evaluation 
of the upper left first and second molars with treated 
canals, before restorative procedures. Both of them were 
indicated for extraction. (a) Initial periapical radiograph; 
(b) CBCT sagittal view of the first molar: bone loss in the 
palatal and disto-buccal roots involving the furcation area; 

(c) CBCT sagittal view of the second molar: despite the 
bone loss in the apical area, the roots contact a retained 
third molar; (d) CBCT cross-sectional view: the extension 
of the bone loss in the middle third of the second molar 
with fenestration of the palatal cortical plate

a b
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c d

Fig. 7.1 (continued)

a b

Fig. 7.2 Tooth 11 scheduled for retreatment after an 
unsuccessful attempt of gutta-percha removal by the 
referring dentist. (a) Initial radiograph showing a small 
periapical lesion and a suspect of canal deviation; (b) 
CBCT sagittal view showing buccal canal deviation with-

out perforation and extensive bone loss with fenestration 
of the cortical plate; (c) Presence of an external root 
resorption in the cervical area with canal communication 
in the CBCT cross-sectional view
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a b

c d

Fig. 7.3 Despite the artifacts given by the root filling 
material, CBCT can guide the operator throughout the 
anatomy of the canals and previous filling. CBCT naviga-
tion on tooth 16 referred for retreatment. (a) Initial image; 

(b) cross-sections at 3, 2, 1, and 0 mm from the apex; (c) 
Mesio-distal view of MB root; please note the presence of 
a MB2 canal with separated foramina. (d) Buccal-palatal 
view of the buccal roots

c

Fig. 7.2 (continued)
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Fig. 7.4 An upper left first molar with a missed canal in 
the mesio-buccal root was referred for retreatment. (a) 
Initial radiograph; (b) CBCT images showing the pres-
ence of the MB2 canal and a periapical bone lesion; (c) 

access cavity after location of the MB canal; (d) MB1 and 
MB2 canals just before obturation; (e) final radiograph 
with all canals treated; (f) 3-year follow-up radiograph

a

b

c d
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7.2.2  Endodontic Retreatment 
Access

In cases of endodontic retreatment, the size of 
the access cavity should not be an important con-
sideration, as this procedure will always be per-
formed on teeth with coronary anatomy modified 
by previous restorations, cavities or the presence 
of a wide range of prosthetic crowns. In addition, 
most of the posterior teeth indicated for retreat-
ment should be restored with cusp coverage or 
full crown. However, the refinement of the access 
cavity with the use of magnification and illumi-
nation of the operation field together with the 
use of ultrasound inserts provides naturally 
smaller cavities, but without interference that 
could jeopardize the proper repreparation of the 
canals.

Some further considerations should be 
addressed as follows:

 – Removal of previous restorations. The ideal 
scenario is to remove the previous restora-
tions, all decayed tissue and inspect for frac-
ture lines in the sound enamel and dentin. 
The presence of fracture lines in the crown is 
very frequent and may negatively influence 
the prognosis of the cases. In addition, 
proper mapping of these fracture lines will 
directly influence the type of final restora-

tion indicated for each specific case [2] 
(Fig. 7.5).

 – Missed canals. In cases of retreatment, the 
presence of missed canals is very frequent. 
Knowledge of the internal and external anat-
omy will provide the location of all canals 
present in a dental element and, of course, the 
use of CBCT will assist in the diagnosis and 
localization of these canals.

 – Calcified canals: Calcified canals are also 
frequent findings in retreatment (Fig.  7.6). 
Again, knowledge of anatomical features 
coupled with technology can be of great 
value for locating these canals. However, the 
success of the procedure is closely linked to 
the position and extent of canal calcification. 
Clinically we can observe three types of situ-
ations: partial or total pulp chamber oblitera-
tions, canal entrance obliterations, and root 
canal obliterations from the cervical third to 
the apical third.

7.2.3  Retreatment Protocol

7.2.3.1  Gutta-Percha Removal
A large number of techniques and instruments 
have been indicated for the removal of gutta- 
percha and sealer from the interior of the canals, 
among which some can be emphasized [1].

e f

Fig. 7.4 (continued)

M. Zuolo and L. Pereira



143

 – Drills: Gates-Glidden and Peeso drills are 
very popular to initiate removal procedures, 
but nowadays they are not used very often 
because they promote inadequate removal of 
intra-root dentin especially in medial-distal 
flattened canals. In addition, the use of these 

drills tends to divert the canal in the same 
direction as the previous treatment.

 – Solvents: Used for the purpose of facilitating 
the introduction of files into the filling mate-
rial, its use is widely disseminated within the 
practice. However, its use results in a soft-

a b

c

Fig. 7.5 Patient referred with pain when chewing after 
initial endodontic treatment executed 2 months before. (a) 
Initial radiograph showing good obturation of three 
canals; (b) after complete removal of the restoration, a 

coronal fracture could be observed; (c) CBCT showing 
severe bone loss located at furcal and distal area associ-
ated to the fracture lines
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ened mass that is constantly forced against 
the canal walls, so much dirtier dentin walls 
can be expected when using solvents [1]. 
Therefore, the use of solvents should be 
avoided during endodontic retreatment. Its 
use when necessary should be confined to 
removal of gutta- percha in the apical portion 
of the canal.

 – Ultrasonics: Ultrasonic-specific inserts have 
been shown to be very useful in cases of gutta- 
percha and sealer removal from the canals, 

leaving them cleaner and free of debris 
(Fig. 7.7).

 – Endodontic instruments: A wide variety of 
files, made with different alloys used manually 
or driven with electric micro-motors, have been 
proposed to increase the effectiveness of gutta-
percha removal during filling removal proce-
dures. The use of reciprocating instruments for 
removal of filling material was initially reported 
by Zuolo et al. [3]. In this study, the effective-
ness of reciprocating instruments (Reciproc 

a b

c

Fig. 7.6 Patient referred for endodontic treatment after 
an initial attempt to locate the canals of a maxillary right 
second premolar. (a) Initial radiograph showing destruc-
tive access and calcified canals; (b) CBCT sagittal cut in 

which the position of the two palatal (p) and buccal (v) 
canals may be imagine, joining each other in the middle 
third of the root and ending into just one foramen. (c) 
Final radiograph after canal location and treatment
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System) was compared to a manual and a rotary 
technique (Mtwo System) for removal of filling 
material. The results showed that the technique 
that used reciprocating instruments was faster 
and more effective in producing clean walls 
when compared to the manual and rotary tech-
niques. Several other studies have evaluated the 
behavior of reciprocating systems in retreat-
ment and generally show that reciprocating 
motion is safe and effective for gutta-percha 
and sealer removal during the endodontic 
retreatment protocol [4–8].

7.2.3.2  Determining Working Length—
Location of the Foramen or 
Apical Limit of the New 
Preparation

The vertical extent of instrumentation and filling 
in retreatment cases is one of the most controver-
sial topics in the practice, generating still much 
discussion between different treatment philoso-
phies and schools. The anatomical complexity of 
the apical region and the evaluation of the perira-
dicular tissue response to the inflammatory and 
infectious process in this region of the canal may 

be pointed out as the factors responsible for 
 generating confusion among specialists. In cases 
of apical periodontitis, where the presence of 
bacteria and biofilm can be observed in all thirds 
of the canals including the apical portion [9], it 
seems logical that the vertical extent of the new 
preparation should be positioned near the apical 
foramen (Fig. 7.8). A group of researchers and 
practitioners advocate zero foramen preparation 

a b

Fig. 7.7 A wide variety of inserts are available on the 
market ranging from straight types to those with angu-
lated curves. The inserts also vary in relation to thickness 
and length. They can be smooth or diamond-coated and 

there are inserts specially designed for removing gutta- 
percha from the canals such as in (a) ClearsonicTM and (b) 
FlatsonicTM (courtesy of Helse—Brasil)

Fig. 7.8 Scanning electron microscope image of a file 
positioned just close to the apical foramen (courtesy of the 
Discipline of Endodontics, FOP-UNICAMP)
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with or without foramen enlargement and filling 
positioned less than 1 or 2 mm from the instru-
mentation limit [10, 11].

Currently, the use of state-of-the-art apex 
locators that work by impedance difference 
makes the correct location of the apical fora-
men viable, enabling the practitioner to respect 
the anatomical and morphological limits of the 
canal, providing greater predictability to end-
odontic treatment [12]. It is noteworthy that 
the repreparation and refilling procedure 
should always be limited to the interior of the 
canal, avoiding damage to the periapical tis-
sues, favoring the healing and tissue repair 
process [1].

7.2.3.3  New Canal Preparation 
and Final Repreparation 
Diameter

The use of the crown-down preparation concept, 
promoting the removal of the initial filling mate-
rial and the enlargement of the cervical and mid-
dle thirds before the apical third preparation, is 
the one that best achieves the repreparation 
objectives in cases of retreatment.

Wilcox and Van Surksum [13] and Wilcox 
and Swift [14] studied in  vitro the effects of 
repreparation on straight and curved canals in 
human teeth using the step-back technique and 
pointed out that reinstrumented canals are gen-
erally widened in the same direction of initial 
preparation when the same instrumentation 
technique is used. The clinical significance of 
this finding is that, ideally, the repreparation 
should be conducted with adequate three-
dimensional planning and directed efforts so 
that instruments and irrigant solutions can reach 
canal spaces not previously touched by the pre-
vious treatment.

Maintaining root canal anatomy during end-
odontic retreatment is a very important factor to 
be evaluated. Recent studies show the safety of 
the use of instruments in reciprocating kinemat-
ics during root canal system repreparation in 
cases of endodontic retreatment. The use of 

reciprocating motion has resulted in low inci-
dence of accidents such as perforations and 
ledges and little apical deviation even in severely 
curved canals [15, 16].

Regarding the final diameter of the prepara-
tion it should be considered that the final instru-
mentation file is related to the diameter and 
anatomical shape of the foramen and the pres-
ence of bacteria in the apical region. Baugh and 
Wallace [17] attested that larger apical prepara-
tions produce a greater reduction in bacteria and 
debris when compared to more conservative 
apical preparations, especially if we consider 
that the foramen’s initial diameters vary widely 
between dental groups. In cases of retreatment, 
where the presence of apical lesion is a constant, 
use of the concept of large apical preparations 
seems to promote adequate cleaning and disin-
fection of the apical portion of the canals. The 
positive relationship between apical diameter 
increase and disinfection is well documented in 
the endodontic literature [18–22] (Fig. 7.9).

7.2.4  Clinical Protocol

The literature fully states that no retreatment 
protocol is effective in removing all prior filling 
material from the interior of the canals; therefore 
efforts should be made to combine techniques 
and materials in order to eliminate as much fill-
ing material as possible from the canal, thus 
qualifying the cleaning and disinfection proce-
dures [23]

A retreatment protocol will be described as a 
general rule. The following materials and instru-
ments are used: K-type manual files, a reciprocat-
ing system, ultrasonic inserts, magnification and 
illumination in the operation field, NaOCl, 
EDTA, and saline irrigating solutions, and sonic 
or ultrasonic apparatus for agitation of the 
irrigants.

 1. After accessing and locating the canals, 
start removing gutta-percha and sealer 
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a b

c d

Fig. 7.9 (a) Initial radiograph of mandibular left lateral 
incisor showing poorly treated canal and a periapical 
lesion; (b) after removal of old filling material and canal 
repreparation the cone fit showed a large apical prepara-

tion; (c) final radiograph; (d) 4-year follow-up radiograph 
showing bone repair and normal periodontal ligament 
space
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within the first 2–3  mm below the canal 
entrance with an ultrasound insert compat-
ible with the anatomy of the canals.

 2. Alternate NaOCl and EDTA irrigation 
solutions agitated sonically or ultrasoni-
cally favoring the removal of debris. This 
irrigation protocol should be performed 
throughout the procedure always after the 
use of files or inserts in the canals.

 3. Following the removal of gutta-percha in the 
cervical third, the objective is now to pen-
etrate the filling using a reciprocating 
mechanical single-file that not requires 
glide path and which has a high cutting 
efficiency to better penetrate the filling 
material and high flexibility to follow the 
root canal curvatures. Small increments of 
maximum 3  mm of extent apically up to 
1–2 from the estimated apical extent of the 
old root canal filling should be performed. 
After each use, the instrument should be 
cleaned and the canal irrigated as described 
above. Brushing movements should be per-
formed sparingly avoiding the areas of 
lower intra-root dentin thickness.

 4. The apical third should be explored with 
K-type size 0.10 or 0.15 manual files ini-
tially, without solvent. If resistance is pres-
ent, a drop of solvent must be used to 
facilitate the exploration of the canal in the 
apical third, preventing the risk of deviations 
and perforations. After using the solvent, 
irrigate and dry the canals to eliminate soft-
ened gutta-percha from the walls and estab-
lish working length with an apex locator.

 5. Saline solution irrigation can be performed 
at any time for mechanical debris removal. 
After irrigation and agitation, the canal can 
be dried with thin suction tips for observa-
tion of the canals with a microscope. Observe 
areas of isthmus and untouched walls. After 
drying use the irrigation protocol again and 
always work with instruments in a humid 
field.

 6. With manual instruments size 10 and 15 per-
form glide path at specified working length.

 7. Bring the mechanical reciprocating instru-
ment used before to working length with 

gentle apical movements without forcing the 
instrument. In case of resistance return to 
glide path instrument.

 8. Apical enlargement based on canal anatomy 
and initial instrument that cuts dentin in the 
apical portion. Enlarge the canal with at least 
three instruments with larger diameter than 
the initial instrument or using the visual 
gauging concept described in the Chap. 3.

 9. After apical preparation, final irrigation 
should be performed and the solutions must 
be sonically or ultrasonically agitated.

 10. Complete canal drying with thin suction tips 
and paper points.

In selected clinical cases, where it is possible 
to observe through CBCT that the presence of 
apical lesion occurs in only one of the roots, 
retreatment of the affected root only can be con-
sidered [24], especially in cases where a post is 
present and its removal may result in risks of 
fractures or other procedural accidents (Fig. 7.10).

7.3  Making Invasive Procedures 
During Nonsurgical 
Endodontic Retreatment 
Less Invasive

As previously anticipated, using the term mini-
mally invasive when speaking about nonsurgical 
endodontic retreatment seems quite contradic-
tory, but this philosophy may be followed during 
all the phases of an endodontic retreatment to 
avoid adding new stress on a tooth that has 
already been stressed from several previous 
treatments.

With this concept in mind, clinicians should 
attempt a retreatment using all the technologies, 
techniques, materials, and devices possible to be 
as much minimally invasive as possible in all the 
various retreatment procedures, such as disas-
sembling of bridges, crowns, and posts 
(Fig.  7.11), searching for a missed or calcified 
root canal, and attempting the removal of a frac-
tured file fragments (Fig. 7.12) or the repair of a 
perforation (Fig. 7.13) and/or of an open/resorbed 
apex (Fig. 7.14).
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a b

c d

Fig. 7.10 Selective retreatment of the mesial canals of 
the mandibular left first molar since the distal root pre-
sented a large pre-fabricated post and no lesion. (a) Initial 

radiograph showing periradicular lesion in the mesial 
root; (b) working length radiograph; (c) 1-year follow-up 
showing complete healing; (d) CBCT at 1 year follow-up

a b

Fig. 7.11 Fiber post removal. (a) Initial radiograph 
showing a fiber post reaching the apical third of the root. 
(b) Clinical view of the fractured crown; (c) clinical view 

after core removal; (d) clinical view after post removal; 
(e) same as (d) with higher magnification (×20), note the 
untouched canal walls; (f) final radiograph
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e f

c d

Fig. 7.11 (continued)

a b

c d

Fig. 7.12 Broken file by-pass and removal. (a) Initial 
radiograph evidencing a separated file in the MB root of the 
upper left first molar referred for retreatment; (b) intraopera-

tive radiograph with file by-passed; (c) clinical view showing 
the removed fragment; (d) final radiograph after retreatment; 
(e) 15-month follow-up showing healed periapical tissues
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During all these procedures, a clinician may 
take the advantage of making a clear diagnosis 
through the use of a three-dimensional CBCT 
scan of the involved tooth, of working under the 
microscope magnification and illumination of the 
field to be more conservative on the residual 
tooth structure, of using ultrasonic inserts that are 

much more conservative than rotating burs, and 
of manipulating special modern materials and 
instruments that may guarantee a higher success 
and transform difficult procedures in more pre-
dictable treatments.

7.4  Predictability of Nonsurgical 
Retreatments

Nonsurgical endodontic retreatment, when prop-
erly indicated, is a treatment modality with a suc-
cess rate above 85% and should be the treatment of 
choice in cases of failure of initial endodontic treat-
ment [25, 26] (Fig. 7.15). Given this treatment out-
come, there are not endodontic limitations to 
nonsurgical retreatment. Limiting factors are 
mainly due to excessive loss of tooth structure lead-
ing to unrestorability of the tooth and vertical root 
fracture. As a consequence, minimally invasive 
procedures are mandatory in all steps of endodon-

a b

c d

Fig. 7.13 Upper right first molar with a furcal perfora-
tion. (a) Initial radiograph; (b) clinical view after canal 
preparation and cleaning of the defect; (c) perforation 

treated with a hydraulic endodontic cement; (d) 9-month 
follow-up with evidence of bone repair in the furcation 
and periapical areas

e

Fig. 7.12 (continued)
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a b

c

Fig. 7.14 (a) Initial radiograph of the upper left lateral 
maxillary incisor showing an open apex associated with 
a large periapical lesion, a broken post, and canal devia-
tion; (b) radiograph after retreatment procedures and 

obturation with a plug of hydraulic endodontic cement 
for root repair; (c) 12-month follow-up with the new 
post and crown in position and healing of the periapical 
lesion
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tic treatment/retreatment to prevent unnecessary 
loss of sound tooth structure that may favor the 
conditions for a tooth to be lost for fracture.

In addition, procedural errors that may prevent 
the original canal from returning to its full extent 
have also been considered as risk factors that may 
negatively influence prognosis in cases of reinter-
vention [26]. These may be the cases in which a 
microsurgical approach can be performed.

7.5  Endodontic Microsurgery

As seen earlier, endodontic retreatment has sig-
nificant success rates. However, it cannot solve 
all endodontic failures. This means that even 
after a well-conducted endodontic retreatment, 

there will be cases of persistent periapical end-
odontic pathology.

The etiology of failure after endodontic 
retreatment is mainly related to the limitations of 
intracanal disinfection. These technical limita-
tions are imposed by the complexities of internal 
root canal microanatomy.

Other etiological factors are extra-root infec-
tions, true cyst, and foreign body reactions by 
endogenous products, such as cholesterol crys-
tals or exogenous dental materials extruded 
beyond the periapex [27]. In these clinical situa-
tions of persistent apical periodontitis, endodon-
tic microsurgery is a conservative and highly 
successful clinical alternative (Fig. 7.16).

Since the introduction of new technical con-
cepts such as the use of magnification-associated 

a b

c d

Fig. 7.15 Mandibular right second molar referred for 
retreatment. (a) Initial radiograph; (b) parasagittal CBCT 
showing a large bone loss; (c) radiograph immediately 

after retreatment and post space preparation; (d) 12-month 
follow-up with complete healing of the periapical lesion
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ultrasound and new calcium silicate-based 
hydraulic materials in apical surgery in the 1990s, 
the success rate of the now-called “Apical 
MICROsurgery” has increased significantly [28, 
29]. A meta-analysis study showed that prior to 
this evolution (MACROsurgery), success rates 
were below 60%. However, with the application 
of these new technical concepts, MICROsurgery 
start to present a success rate of around 90% rep-
resenting a significant evolution in this type of 
endodontic treatment [30].

Magnification contributed to microsurgical 
evolution mainly by allowing the visualization of 
details of anatomical structures not visible to the 
naked eye, as well as increasing the motor preci-
sion of the surgeon [31]. However, in order to be 
able to see, it is necessary to obtain an adequate 
visual access of the surgical field. In order to be 
able to manipulate structures, a cavity with a size 
compatible with the insertion and movement of 
the micro instruments is necessary since two 
objects cannot occupy the same place at the same 
time.

For this reason, the term MICROsurgery 
should never be related to the concept of mini-
mally invasive surgical access that does not allow 
adequate access, visualization, and control of the 
ideal technical and environmental conditions of 
the operation field. By limiting the operator’s 
vision and clinical performance, minimally inva-
sive surgical accesses regarding the minimum 
cavity size are in the opposite direction to the 
evolution achieved in the last 20 years with the 
use of magnification in conventional endodontics 
and endodontic microsurgery.

Currently, the use of minimal surgical 
accesses is empirically based on better surgical 
precision and time, less postoperative inflamma-
tion and lower risks of gingival recessions while 
maintaining the same clinical efficiency. 
However, other areas of dentistry, such as the 
extraction of impacted third molars, have 
already shown that minimal surgical access does 
not allow adequate access, making surgical 
manipulation and the identification of anatomi-
cal structures difficult, leading to increased 

a b

Fig. 7.16 (a) Preoperative radiograph; (b) preoperative CBCT
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operating time [32]. As a consequence, it pro-
motes worse postoperative conditions for 
patients [32–34].

In addition, the use of minimally invasive 
flaps and bone cavities may negatively interfere 
with the operative approach and postoperative 
recovery of endodontic MICROsurgery for sev-
eral reasons such as:

 – Promote insufficient mobility of the gingival 
flap leading to tension at the edges of the flap 
and consequent reduction of blood flow to the 
margins of the flap resulting in delayed repair 
or even gingival necrosis.

 – Limit the visualization of the surgical field 
making the procedure more difficult and less 
accurate.

 – Harm the illumination of the operating field 
by hindering the penetration of the powerful 
coaxial illumination provided by dental oper-
ating microscopes.

 – Hinder the location of the osteotomy starting 
point and the location of the periapical region 
in cases where the periapical lesion did not 
rupture the buccal cortical bone.

 – Make curettage and removal of all periapical 
lesion difficult.

 – Do not allow the visualization of the entire 
root extent not allowing the identification 
and access to lateral canals or cracks visual-
ization on the coronal and middle third of the 
root.

 – Prevent an accurate assessment of the anatom-
ical microstructures and the identification of 
the possible cause that led the case to end-
odontic failure prior to microsurgery.

 – Limit or prevent visualization of the main 

foramina and extra foramina located espe-
cially in the palatal or lingual area.

 – Disrupt or prevent the correct positioning and 
working kinematics of the retropreparation 
ultrasonic tips.

 – Impair or limit proper moisture control in ret-
rograde preparations before retrofilling.

 – Make delivery, placement, and compaction of 
retrograde filling material difficult in its 
cavity.

 – Do not allow a tension-free flap for passive 
repositioning prior to suturing. This condition, 
besides interfering at the moment of suturing, 
may predispose to suture dehiscence during 
the initial healing period [35].

 – Increase the surgical time causing more 
aggression to the body, producing greater 
inflammation and consequently worse postop-
erative recovery.

Therefore, the definition of MICROsurgery is 
not related to small cavities but to the possibility 
of detailed visualization and less traumatic 
manipulation of macro and microstructures 
involved in the surgery. Less operative trauma 
due to delicate and precise manipulation is the 
main factor that will provide less inflammation 
and better and faster postoperative for the patient 
and for tissue repair. Following this philosophy, 
the use of systems that allow the execution of a 
Full-Piezoelectric Endodontic Microsurgery 
should be strongly considered and its advantages 
will be addressed throughout this chapter.

Conventional endodontic surgery (Macro) dif-
fers from microsurgery not only using magnifica-
tion. The main differences between traditional 
surgery and microsurgery are listed in Table 7.1.

Table 7.1 Technical differences between MACRO and MICROsurgery

Surgical steps MACROsurgery MICROsurgery
Magnification use NO YES
Bone crypt size Large Small (sometimes less than 3 mm)
Apicectomy angle 45° 90° (perpendicular to the long axis of the root)
Retropreparation Drills Ultrasonic tips
Retropreparation angle 30°/45° to the long axis of the root In the long axis following the canal
Retrograde filling material IRM/super EBA Hydraulic calcium-silicate-based cements
Soft tissue management Aggressive Precise and delicate
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7.6  Access to the Periapical 
Region

Access to the apical region involves three main 
steps: soft tissue management (incisions and flap 
design), hard tissue management (osteotomy), 
and apical curettage.

7.6.1  Flap Design

The use of semilunar and Lüebke-Ochsenbein 
submarginal “high flaps” was and is still very 
popular in endodontic surgery and microsurgery 
[28]. However, these types of flaps should have 
already been abolished from these procedures for 
several reasons:

 – They do not allow visual access to the entire 
root extent. Thus, lateral canals, root fractures, 
and endodontic and periodontal lesions pres-
ent in the cervical third and in the beginning of 
the middle third of the root would go unno-
ticed during the surgical procedure, compro-
mising the effective control of the infection 
leading to a surgical failure.

 – Unable to extend the flap, if needed.
 – They are the flaps that most predispose the 

formation of gingival scars [36, 37].
 – Incisions should not be made on bone defects 

as they facilitate the formation of gingival 
dehiscence. Horizontal incisions of these 
types of flaps can overlap areas of bone defects 
leading to unnecessary risks and also hinder 
proper repair of pink aesthetics [37].

 – Predispose the suture to rupture in the initial 
postoperative period [32].

 – Predispose necrosis of the edge of the wounds 
[36, 37].

 – An adequate band of inserted gum is required 
which is not present in most cases [38].

As endodontic microsurgery always has an 
exploratory character to define the reason of the 
endodontic failure, the flaps should expose the 
entire root extension, starting from the cervical 
region with intrasulcular incisions and usually, 
with a releasing vertical incision. This way, the 

entire extent of the tooth will be exposed for tran-
soperative evaluation.

With the most delicate and precise handling of 
microsurgery, the use of papilla-based flaps with 
one vertical incision release is favored [35, 37] 
(Fig. 7.17).

Obtaining a good hemostasis is of fundamen-
tal importance [39]. Hemostatic control favors 
the differentiation of anatomical structures such 
as root edges, bone, foramens, and cracks and 
provides a favorable environmental condition for 
the introduction of back-filling material in the 
retrocavity without the presence of blood. It is 
preferable to perform physical maneuvers to 
obtain hemostasis than chemical agents. The use 
of chemical agents can lead to postoperative 
damage as chemical irritation and the residues of 
these chemical agents in tissues lead to more 
inflammation and delayed repair [40], or even to 
a foreign body reaction [41].

Hemostatic control begins with the planning 
of the anesthetic technique and solution. The 
anesthetic solutions of choice are those contain-
ing the epinephrine vasoconstrictor in a concen-
tration of 1:100,000. This way the practitioner 
can choose either 2% Lidocaine solution with 
Epinephrine 1:100,000 or 4% Articaine with 
Epinephrine 1:100,000 or 3% Mepivacaine with 
Epinephrine 1:100,000. The use of anesthetic 
solutions containing epinephrine in higher con-
centrations as 1:50,000 is unnecessary. The use 
of higher epinephrine concentrations increases 
the risk of tissue hypoxia, acidosis, and necrosis 
and may lead to the so-called reactive hyperemia 
rebound effect [42]. This physiological event 
leads to marked vasodilation in response to previ-
ous excessive vasoconstriction. This increases 
the risk of trans or postoperative bleeding [42].

Hemostatic control is favored by the use of a 
surgical piezoelectric ultrasonic system for the 
most diverse microsurgical steps. Its use reduces 
by 25–35% the intraoperative bleeding. Thus, it 
does not require the use of chemical hemostatic 
agents. The piezoelectric system acts on hemo-
stasis because cavitation and the acoustic 
microstreaming flow formed in the fluid in the 
surgical cavity tamponade the vessels [43, 44] 
(Fig. 7.18).
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7.6.2  Osteotomy

With the use of piezosurgical ultrasonic associ-
ated to magnification, osteotomy has become 
more conservative. In cases of small apical 

lesions, the osteotomy does not need to be larger 
than 3 mm. This size is sufficient to expose the 
apical third, allows the apicectomy to be per-
formed, and provides space for the proper kine-
matics of the use of 3 mm long ultrasound tips for 

a
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Fig. 7.17 (a) Complementary anesthesia at the muco-
gengival line for a better hemostatic control; (b) surgical 
Miniblades 6900 made by electropolishing provides thin-
ner and precise incisions. Surgical Blades 15C are made 
by machining parts; (c) intrasulcular incision; (d) starting 

point to a papilla base incision. It must be perpendicular to 
the margin; (e) periodontal probe must be used as a guide 
for all incisions; (f) second papilla base incision with 45°; 
(g) papilla base incisions; (h) periodontal probe used as a 
guide for the vertical incision
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retrograde preparation and also for the retrograde 
filling procedure. The smaller the osteotomy, the 
faster the healing and the better the postoperative 
recovery [45].

Determining the starting point of osteotomy is 
a clinical step that causes insecurity in less expe-
rienced surgeons. However, its determination can 
be easily established using a North Carolina peri-
odontal probe positioned on the long axis of the 
root to be operated (Fig. 7.19a). In addition, its 
execution is one of the simplest technical steps in 
all endodontic microsurgery.

It is facilitated in cases where there is already 
buccal bone wall fenestration allowing direct 
visual access. However, in cases where the corti-
cal bone is intact it is up to the microsurgeon to 
determine the initial point of wear.

Considering that the roots of the permanent 
teeth have an average length of 10–12 mm, the 
point of choice for osteotomy can be easily deter-
mined by placing a North Carolina periodontal 
probe measuring 15  mm at the cement-enamel 
junction of the tooth to be operated (Fig. 7.19a). 
Osteotomy should begin at the same level as the 
tip of the probe where the periapical lesion will 
be present (Fig. 7.19b, c).

Recent static or dynamic guided surgery sys-
tems may be used for this purpose due to their 
accuracy and may be especially helpful in the 
most difficult anatomical situations to conserva-
tively and safely solve them. The static system 
(3D physical printed guide) requires more preop-
erative clinical steps (digital workflow) such as 
CBCT, intraoral digital scanning, image match-
ing, and 3D reconstruction in specific software, 
digital planning, and surgical guide design for 
later milling or 3D printing. These steps require 
the practitioner to master these technologies and 
add additional costs and time just to solve and 
performing one of the simplest steps of the 
microsurgical procedure. The dynamic guided 
surgery system unlike the static system does not 
require prior intraoral scanning. It also needs a 
prior CBCT scan and requires additional invest-
ment for the purchase of equipment and specific 
training. The learning curve is longer because the 
procedure is performed with the practitioner 
looking at the computer screen rather than the 
operation field. Like the static guided surgery 
system, the dynamic navigation is used only for 
the simplest steps of the microsurgical 
procedure.

a

c

b

Fig. 7.18 (a) Piezo flap retraction using a ultrasonic tip with power adjustment in special mode; (b) exceptional bleed-
ing control achieved by piezo flap retraction; (c) flap retracted
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Piezo-osteotomy increases cutting accuracy 
and provides more conservative bone cavity 
designs than circular osteotomies performed with 
drills. In addition, they allow the creation of bone 
cavities with non-standard circular design 
 traditionally made with drills. Precise groove-
shaped osteotomies, removing only enough bone 
quantity for penetration and movement of the ret-
ropreparation tips can be also carried out.

In addition, use of piezoelectric osteotomy 
system brings technical, biological, and clinical 
advantages when compared to the use of drills:

 – The ultrasound tips have a long neck and do 
not interfere with the visualization of the 
surgical field as with the head of the high-
speed handpieces when using drills.

 – Ultrasound allows greater surgical precision 
with micrometer cuts by linear movements 
of amplitude between 50 and 200 μm only.

 – Osteotomies performed with piezoelectric 
systems lead to the formation of less inflam-
matory cells. Consequently, there will be less 
postoperative discomfort [46].

 – The use of piezo-osteotomy promotes a sig-
nificant increase in the number of osteoblasts 

in the postoperative 45  days. The larger 
 number of these cells leads to a faster initial 
repair [46].

 – Piezosurgical systems generate less heating 
during bone cutting preserving cell viability 
and facilitating repair [46].

 – Cutting selectivity is another advantage when 
compared to the use of drills. Piezoelectric 
systems cut only hard (mineralized) tissues 
such as bone and teeth, preserving soft tissues. 
This makes its use safer near nerves and mem-
brane of the maxillary sinus.

 – Cavitation formation, acoustic microstream-
ing, and intense irrigation promote optimal 
hemostatic control [43, 44].

7.6.3  Apical Curettage

Apical curettage can be performed before or after 
apicectomy. Due to the smaller size of bone areas 
in microsurgeries, apical curettage is usually per-
formed after or with apicectomy. It can be per-
formed with Lucas surgical curettes. In cases of 
larger apical lesions its curettage can be per-
formed piezoelectrically with ultrasonic tips.

a

c

bb

Fig. 7.19 (a) Determining the osteotomy site guided by a periodontal probe positioned in the long axis of the tooth; 
(b) piezo-osteotomy using an ultrasonic tip; (c) apical third exposed
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Removal of all soft tissue is of utmost impor-
tance to reduce the possibility of recurrence of 
periapical cysts and also to promote better 
hemostasis.

7.7  Surgical Management 
of the Apical Root Region

7.7.1  Apicectomy

Apicectomy should be performed at 3 mm from 
the root vertex. Root cutting at this level removes 
98% of apical deltas and 97% of lateral canals 
[28]. In addition, the elimination of the final 
3 mm of the root does not change the functional 
stability of the tooth after complete bone repair 
[47]. Apicectomies larger than 3  mm are not 
effective in removing 100% of the anatomical 
complexities and may even lead to tooth insta-
bility because of inadequate crown/root ratio 
[47].

Not only the amount of root to be removed in 
apicectomy is important, the cutting angle is also 
of fundamental importance in this process. As the 
lateral and delta canals are located on all root sur-
faces, the removal of 3  mm is fundamental by 
both buccal and palatal (or lingual) sides. 
Therefore, any type of bevel cutting should be 
avoided. Beveling does not allow for equal 
removal of 3  mm on all root faces. Therefore, 
apicectomy should always be performed perpen-
dicularly along the root axis. This is the main dif-
ference between the apicectomy of the 
macrosurgery that was done at angles from 30 to 
45° and the microsurgery that is done at 0°.

However, the use of high-speed drills does not 
always allow proper positioning for perpendicu-
lar cutting along the root axis in all cases. The use 
of piezoelectric ultrasonic inserts has become an 
effective alternative, giving rise to the so-called 
piezo-apicectomy [48]. Piezosurgical inserts are 
extremely efficient for performing apicectomies 
in 0° with the long axis of the roots (Fig. 7.20).

With the movement of the apical cutting 
instrument during apicectomy, the gutta-percha 
present in the remaining part of the root under-
goes marginal misadaptation [48, 49]. This gap 

formed between the canal wall and the filling 
material needs to be filled to prevent new bacte-
rial growth.

7.7.2  Retropreparation

Retropreparation should be performed with a 
depth of 3 mm in the long axis of the root canal to 
ensure a good apical sealing [50]. To achieve this 
depth and pattern, the use of ultrasonic tips is 
critical during this microsurgery procedure step. 
Use of drills for this purpose is contraindicated 
because proper positioning and angles as 
described above are not possible.

In a study with bilaterally matched pairs of 
teeth in human cadavers, 100% of retroprepara-
tions with round bur showed deviation from long 
axis. In the same study, only 2.6% of the cases 
retro-prepared with ultrasonic tips showed devia-
tion [51]. Wuchecich et al. [52] showed that ret-
rograde preparations with burs produced cavities 
with 45° to 60° to the long axis of the root and 
achieved only an average depth of 1  mm. 
Moreover, ultrasonic root-end preparations pro-
duced cavities with less smear layer. This is clini-
cally important since its presence may prevent 
intimate contact of the retrofilling material with 
the cavity

In order to prevent root cracks and chipping 
during the surgery or in the long term, a minimal 
invasive retrograde root canal preparation must 
be considered. Retrograde preparations with 
drills produced a root canal enlargement of 616% 
with a remaining thickness of 0.17  mm [53]. 
However, retropreparations with thin ultrasonic 
tips are less invasive than drills. They produced a 
root canal enlargement of 326% and remaining 
thickness wall of 0.43 mm [53]. A more conser-
vative retrograde preparation is also important to 
prevent apical perforations. Therefore, the use of 
ultrasonic tips is less invasive than drills.

Another surgical drawback is the difficulty in 
removing gutta-percha. Diamond-coated ret-
rotips are more abrasive than ultrasonic tips with 
a smooth surface. The abrasive properties might 
be advantageous in removing the gutta-percha. 
At the same time, these tips have more aggressive 
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cutting ability and must be gently used in order to 
not remove an excessive amount of sound dentin. 
Due to that, the ultrasonic power setting has to be 
adjusted to a maximum of 20%, with a continu-
ous irrigation.

In cases with apical bone cavity smaller than 
3 mm, it is not possible to insert and work with 
the ultrasonic tip into the long axis of the root 
(Fig. 7.21). The use of piezosurgery, a less inva-
sive groove-shaped osteotomy, can be created 

a b

c d
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g h

Fig. 7.20 (a) Determining the size of the apicectomy 
guided by the periodontal probe; (b) positioning the ultra-
sonic tip; (c) the power adjustment in the piezosurgery 
machine must be adjusted in cortical mode; (d) position-

ing the tip perpendicular to the long axis of the root; (e) 
checking the angulation; (f) apicectomy precisely per-
formed; (g) measurement of the bone crypt size; (h) rho-
dium micromirror to analyze the root surface
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allowing the proper use of the ultrasonic retro-
preparation tips (Figs. 7.22, 7.23, and 7.24).

7.7.3  Retrofilling

In order to maintaining the disinfection achieved 
by the former surgical steps, the retrocavity must 
be filled.

Historically, several materials such as amal-
gam, endodontic sealers, temporary cements, 
hydroxyapatite, zinc-oxide eugenol (ZOE)-based 

cements, IRM, Super EBA, composite, and glass- 
ionomer have been used to fill the retrograde cav-
ity. However, none of them have met all 
requirements to be considered an ideal retrofill-
ing material.

The ideal material should be able to fill and 
seal the retrocavity, needs to be biocompatible, 
needs to have antibacterial properties, and should 
stimulate the cementogenesis. Moreover, these 
surgical sites are in contact with periodontal and 
bone tissues. These tissues have fluids and the 
environment around them is moist. Therefore, the 
retrofilling material should be able to work in a 
moist environment. Among all materials, the only 
types of material able to work in a moist environ-
ment are the hydraulic calcium-silicate-based 
materials.

Because they are bioactive and provide good 
filling, sealing, marginal adaptation, and biocom-
patibility, promote cementogenesis and biomin-
eralization, are bacteriostatic, and perform well 
in wet environments, hydraulic cements are cho-
sen for retrograde filling purposes [54–59]. This 
group of materials ranges from traditional MTA 
to new premixed or mixable materials (Fig. 7.25).

Fig. 7.21 The very conservative osteotomy did not allow 
a proper positioning of retrograde ultrasonic tip

a b

c d

Fig. 7.22 (a) A precise grove can be create using piezo- 
osteotomy; (b) a second groove was created using a ultra-
sonic tip; (c) the bone between grooves was gently 

removed using a curette; (d) a very conservative bone 
resection was performed right over the dental root 
foramen
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a b
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Fig. 7.23 (a) 2% Methylene blue was used to evidence 
small structures, accessory foramens, or root fractures; (b) 
direct view under 12.5× magnification provided by 
advanced three axis microscope; (c) the precise groove 

allowed the ultrasonic tip penetration; (d) piezo- osteotomy 
precision allows bone preservation and hemostatic 
control

a b

c d

Fig. 7.24 (a) US Tip with 3 mm length; (b) retropreparation—3 mm in depth; (c) US Tip with 6 mm length; (d) retro-
preparation—6 mm in depth
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7.8  Suture

The surgical closure is of utmost importance for 
the good and rapid recovery of the patient. The 
choice of microsurgery suture thread is subjected 
to non-resorbable monofilament threads (Nylon, 
Polypropylene or Polyamide). These threads 
cause less inflammation because they are smooth 
and make it difficult to accumulate biofilm over 
the sutures. Polypropylene threads are the first 
choice because they have good tension resistance 
and better shape memory control.

The use of small threads with atraumatic nee-
dles also aims to reduce surgical trauma and favor 

rapid repair. The 6-0, 7-0, 8-0, and 10-0 threads 
are used in microsurgeries. The 6-0 threads 
 stabilize the flap while the 7-0, 8-0, or 10-0 
threads are used for coaptation of the surgical 
wound edges (Fig. 7.26).

Microsutures should be carefully performed 
to avoid overlapping connective tissue in epithe-
lial tissue and vice versa. This is the key to rapid 
soft tissue repair allowing suture removal 
between 48 and 72 h postoperatively (Fig. 7.27). 
Fast suture removal is another factor that aims to 
facilitate repair by decreasing postoperative 
inflammation caused by the presence of the 
suture and the biofilm formation on it.

a b

c

Fig. 7.25 (a) Drying the retrocavity using aspiration. 
Paper points should not be used because they can induce a 
postop foreign body reaction by leaving cellulose inside 
the bone crypt. Moreover, the hydraulic calcium-silicate- 

based materials need a moist environment to set; (b) retro-
grade filling with a hydraulic calcium-silicate-based 
cement; (c) checking the retrograde filling quality
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Fig. 7.26 (a) Special and precise forceps are necessary to handle 6-0 to 10-0 sutures; (b) stabilization suture with 
polypropylene 6-0; (c) geometry of papilla suture: coaptation sutures with polypropylene 7-0

b

a

Fig. 7.27 (a) Follow-up 48 h after microsurgery; (b) initial fast healing and suture removal 48 h later
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7.9  Conclusions

Technical development and greater microsurgical 
predictability have increased clinical indications, 
placing microsurgery as a direct alternative in some 
cases of primary endodontic failures because they 
show greater success than endodontic orthograde 
retreatment in some selected cases [60] (Fig. 7.28).

As a final remark, it is important to point out 
that nonsurgical endodontic retreatment or end-
odontic microsurgery, when adequately indi-
cated, are a type of treatment associated with a 
high success rate and should be the treatment of 
choice for cases of failed initial endodontic treat-
ment in patients motivated to maintain their natu-
ral teeth in the oral cavity.

a b

e f

c d

Fig. 7.28 Surgical retreatment in a maxillary right sec-
ond premolar with a big metal post. (a) Initial radiograph 
showing a large periapical lesion; (b) piezosurgical ultra-
sonic osteotomy; (c) root resection showing an untreated 

canal in the buccal side. (d) retrofill with a hydraulic end-
odontic cement; (e) postoperative radiograph; (f) 
12-month follow-up showing bone healing in the apical 
area

M. Zuolo and L. Pereira



167

References

 1. Zuolo ML, Kherlakian D, Mello JE Jr, Carvalho MC, 
Fagundes MI. Reintervention in endodontics. 1st ed. 
São Paulo: Quintessence; 2017.

 2. Sung HK, Bom SK, Yemi K.  Cracked teeth: distri-
bution, characteristics, and survival after root canal 
treatment. J Endod. 2016;42:557–62.

 3. Zuolo AS, Mello JE Jr, Cunha RS, Zuolo ML, Bueno 
CE.  Efficacy of reciprocating and rotary techniques 
for removing filling material during root canal retreat-
ment. Int Endod J. 2013;46:947–53.

 4. Rios Mde A, Villela AM, Cunha RS, Velasco RC, 
De Martin AS, Kato AS, Bueno CE.  Efficacy of 2 
reciprocating systems compared with a rotary retreat-
ment system for gutta-percha removal. J Endod. 
2014;40:543–6.

 5. Fruchi Lde C, Ordinola-Zapata R, Cavenago BC, 
Duarte MAH, Bueno CES, De Martin AS. Efficacy of 
reciprocating instruments for removing filling mate-
rial in curved canals obturated with a single-cone 
technique: a micro-computed tomographic analysis. J 
Endod. 2014;40:1000–4.

 6. Crozeta BM, Silva-Sousa YT, Leoni GB, Mazzi- 
Chaves JF, Fantinato T, Baratto-Filho F, Sousa-Neto 
MD.  Micro-computed tomography study of filling 
material removal from oval-shaped canals by using 
rotary, reciprocating, and adaptive motion systems. J 
Endod. 2016;42:793–7.

 7. Özyürek T, Demiryürek EÖ. Efficacy of different 
nickel-titanium instruments in removing Gutta- 
percha during root canal retreatment. J Endod. 
2016;42:646–9.

 8. Zuolo AS, Zuolo ML, Bueno CES, Chu R, Cunha 
RS.  Evaluation of the efficacy of TRUShape and 
RECIPROC file systems in the removal of root fill-
ing material: an ex vivo micro-computed tomographic 
study. J Endod. 2016;2:315–9.

 9. Ricucci D, Siqueira JF Jr. Biofilms and apical peri-
odontitis: study of prevalence and association with 
clinical and histopathologic findings. J Endod. 
2010;36:1277–88.

 10. Wu MK, Wesselink PR, Walton RE. Apical terminus 
location of root canal treatment procedures. Oral Surg 
Oral Med Oral Pathol. 2000;89:99–103.

 11. Leal Silva CJN, Menajed K, Ajuz N, Monteiro MRFP, 
Coutinho-Filho TS.  Postoperative pain after forami-
nal enlargement in anterior teeth with necrosis and 
apical periodontitis: a prospective and randomized 
clinical trial. J Endod. 2013;39:173–6.

 12. ElAyouti A, Dima E, Ohmer J, Sperl K, Von Ohle C, 
Löst C. Consistency of apex locator function: a clini-
cal study. J Endod. 2009;35:179–81.

 13. Wilcox LR, Van Surkum R.  Endodontic retreat-
ment in large and small straight canals. J Endod. 
1991;17:119–21.

 14. Wilcox LR, Swift ML.  Endodontic retreat-
ment in small and large curved canals. J Endod. 
1991;17:313–5.

 15. Nevares G, de Albuquerque DS, Freire LG, Romeiro 
K, Fogel HM, Dos Santos M, Cunha RS.  Efficacy 
of ProTaper NEXT compared with Reciproc in 
removing obturation material from severely curved 
root canals: a micro-computed tomography study. J 
Endod. 2016;42:803–8.

 16. Rödig T, Reicherts P, Konietschke F, Dullin C, 
Hahn W, Hülsmann M. Eficacy of reciprocating and 
rotary NiTi instruments for retreatment of curved 
root canals assessed by micro-CT.  Int Endod J. 
2014;47:942–8.

 17. Baugh D, Wallace J. The role of apical instrumenta-
tion in root canal treatment: a review of the literature. 
J Endod. 2005;31:333–40.

 18. Souza-Filho FJ, Benatti O, Almeida OP. Influence of 
the enlargement of the apical foramen in periapical 
repair of contaminated teeth of dog. Oral Surg Oral 
Med Oral Pathol. 1987;64:480–4.

 19. Fornari VJ, Silva-Sousa YTC, Vanni JR, Pécora JD, 
Versiani MA, Sousa-Neto MD.  Histological evalua-
tion of the effectiveness of increased apical enlarge-
ment for cleaning the apical third of curved canals. Int 
Endod J. 2010;43:988–94.

 20. Card SJ, Sigurdsson A, Ørstavik D, Trope M.  The 
effectiveness of increased apical enlargement in reduc-
ing intracanal bactéria. J Endod. 2002;28:779–83.

 21. Aminoshariae A, Kulild JC. Master apical file size—
smaller or larger: a systematic review of healing out-
comes. Int Endod J. 2015;48:639–47.

 22. Alves FR, Roças IN, Almeida BM, Neves MAS, 
Zoffoli J, Siqueira JF Jr. Quantitative molecular and 
culture analyses of bacterial elimination in oval- 
shaped root canals by a single-file instrumentation 
technique. Int Endod J. 2012;45:871–7.

 23. Somma F, Cammarota G, Plotino G, Grande NM, 
Pameijer CH.  The effectiveness of manual and 
mechanical instrumentation for the retreatment of 
three different root canal filling materials. J Endod. 
2008;34:466–9.

 24. Nudera WJ.  Selective root retreatment: a novel 
approach. J Endod. 2015;41:1382–8.

 25. Friedman S, Mor C. The success of endodontic ther-
apy. Healing and functionality. J Calif Dent Assoc. 
2004;32:493–503.

 26. Gorni FG, Gagliani MM. The outcome of endodontic 
retreatment: a 2-yr follow-up. J Endod. 2004;30:1–4.

 27. Nair PN. On the causes of persistent apical periodon-
titis: a review. Int Endod J. 2006;39:249–81.

 28. Kim S, Kratchman S.  Modern endodontic sur-
gery concepts and practice: a review. J Endod. 
2006;32:601–23.

 29. Tsesis I, Rosen E, Schwartz-Arad D, Fuss 
Z.  Retrospective evaluation of surgical endodontic 
treatment: traditional versus modern technique. J 
Endod. 2006;32:412–6.

 30. Setzer FC, Shah SB, Kohli MR, Karabucak B, Kim 
S. Outcome of endodontic surgery: a meta-analysis of 
the literature-part 1: comparison of traditional root- 
end surgery and endodontic microsurgery. J Endod. 
2010;36:1757–65.

7 Minimally Invasive Approach to Endodontic Retreatment and Surgical Endodontics



168

 31. Bowers DJ, Glickman GN, Solomon ES, He 
J.  Magnification’s effect on endodontic fine motor 
skills. J Endod. 2010;36:1135–8.

 32. Mobilio N, Vecchiatini R, Vasquez M, Calura G, 
Catapano S. Effect of flap design and duration of sur-
gery on acute postoperative symptoms and signs after 
extraction of lower third molars: a randomized pro-
spective study. J Dent Res Dent Clin Dent Prospects. 
2017;11:156–60.

 33. Chen YW, Lee CT, Hum L, Chuang SK.  Effect of 
flap design on periodontal healing after impacted 
third molar extraction: a systematic review 
and meta- analysis. Int J Oral Maxillofac Surg. 
2017;46:363–72.

 34. Şimşek Kaya G, Yapıcı Yavuz G, Saruhan N.  The 
influence of flap design on sequelae and quality of life 
following surgical removal of impacted mandibular 
third molars: a split-mouth randomised clinical trial. J 
Oral Rehabil. 2019;46:828–35.

 35. Pini Prato G, Pagliaro U, Baldi C. Coronally advanced 
procedure for root coverage. Flap with tension versus 
flap without tension: a randomized controlled clinical 
study. J Periodontol. 2000;71:188–201.

 36. Kramper BJ, Kaminski EJ, Osetek EM, Heuer MA. A 
comparative study of wound healing of three types 
of flap design used in periapical surgery. J Endod. 
1984;10:17–25.

 37. Velvart 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.

 38. Lang NP, Löe H.  The relationship between the 
width of keratinized gingiva and gingival health. J 
Periodontol. 1972;43:623–7.

 39. Peñarrocha-Oltra D, Menéndez-Nieto I, Cervera- 
Ballester J, Maestre-Ferrín L, Peñarrocha-Diago M, 
Peñarrocha-Diago M.  Aluminum chloride versus 
electrocauterization in periapical surgery: a random-
ized controlled trial. J Endod. 2019;45:89–93.

 40. Clé-Ovejero A, Valmaseda-Castellón E. Haemostatic 
agents in apical surgery. A systematic review. Med 
Oral Patol Oral Cir Bucal. 2016;21:652–7.

 41. Torabinejad M, Kang HJS, Maskiewicz R, Grandhi 
A.  The haemostatic efficacy and foreign body reac-
tion of epinephrine-impregnated polyurethane from in 
osseous defects. Aust Endod J. 2018;44:204–7.

 42. Gutmann JL.  Parameters of achieving quality anes-
thesia and hemostasis in surgical endodontics. Anesth 
Pain Control Dent. 1993;2:223–6.

 43. Landes CA, Stübinger S, Rieger J, Williger B, Ha 
TK, Sader R. Critical evaluation of piezoelectric oste-
otomy in orthognathic surgery: operative technique, 
blood loss, time requirement, nerve and vessel integ-
rity. J Oral Maxillofac Surg. 2008;66:657–74.

 44. Spinelli G, Lazzeri D, Conti M, Agostini T, Mannelli 
G. Comparison of piezosurgery and traditional saw in 
bimaxillary orthognathic surgery. J Craniomaxillofac 
Surg. 2014;42:1211–20.

 45. Rubinstein R, Kim S. Short-term observation of the 
results of endodontic surgery with the use of a surgi-
cal operation microscope and Super-EBA as root-end 
filling material. J Endod. 1999;25:43–8.

 46. Preti G, Martinasso G, Peirone B, Peirone B, Navone 
R, Manzella C, Muzio G, Russo C, Canuto RA, 
Schierano G. Cytokines and growth factors involved 
in the osseointegration of oral titanium implants posi-
tioned using piezoelectric bone surgery versus a drill 
technique: a pilot study in minipigs. J Periodontol. 
2007;78:716–22.

 47. Jang Y, Hong HT, Roh BD, Chun HJ. Influence of api-
cal root resection on the biomechanical response of 
a single-rooted tooth: a 3-dimensional finite element 
analysis. J Endod. 2014;40:1489–93.

 48. Bernardes RA, de Souza Junior JV, Duarte MA, de 
Moraes IG, Bramante CM. Ultrasonic chemical vapor 
deposition-coated tip versus high and low-speed car-
bide burs for apicoectomy: time required for resec-
tion and scanning electron microscopy analysis of the 
root-end surfaces. J Endod. 2009;35:265–8.

 49. Zerbinati LP, Tonietto L, de Moraes JF, de Oliveira 
MG.  Assessment of marginal adaptation after api-
coectomy and apical sealing with Nd:YAG laser. 
Photomed Laser Surg. 2012;30:444–50.

 50. Gilheany PA, Figdor D, Tyas MJ.  Apical dentin 
permeability and microleakage associated with 
root end resection and retrograde filling. J Endod. 
1994;20:22–6.

 51. Mehlhaff DS, Marshall JG, Baumgartner 
JC.  Comparison of ultrasonic and high-speed-bur 
root-end preparations using bi-laterally matched 
teeth. J Endod. 1997;23:448–52.

 52. Wuchenich G, Meadows D, Torabinejad M.  A 
comparison between two root-end preparation 
techniques in human cadavers. J Endod. 1994;20: 
279–82.

 53. Lin CP, Chou HG, Kuo JC, Lan WH. The quality of 
ultra-sonic root-end preparation: a qualitative study. J 
Endod. 1998;24:666–70.

 54. Parirokh M, Torabinejad M. Mineral trioxide aggre-
gate: a comprehensive literature review—Part I: 
chemical, physical, and antibacterial properties. J 
Endod. 2010;36:16–27.

 55. Torabinejad M, Parirokh M. Mineral trioxide aggre-
gate: a comprehensive literature review—Part II: 
leakage and biocompatibility investigations. J Endod. 
2010;36:190–202.

 56. Parirokh M, Torabinejad M. Mineral trioxide aggre-
gate: a comprehensive literature review—Part III: 
clinical applications, drawbacks, and mechanism of 
action. J Endod. 2010;36:400–13.

 57. Biočanin V, Antonijević Đ, Poštić S, Ilić D, 
Vuković Z, Milić M, Fan Y, Li Z, Brković B, Đurić 
M.  Marginal gaps between 2 calcium silicate and 
glass ionomer cements and apical root dentin. J 
Endod. 2018;44:816–21.

M. Zuolo and L. Pereira



169

 58. Ferreira CMA, Sassone LM, Gonçalves AS, de 
Carvalho JJ, Tomás-Catalá CJ, García-Bernal D, 
Oñate-Sánchez RE, Rodríguez-Lozano FJ, Silva 
EJNL.  Physicochemical, cytotoxicity and in  vivo 
biocompatibility of a high-plasticity calcium-silicate 
based material. Sci Rep. 2019;9:3933.

 59. López-García S, Lozano A, García-Bernal D, Forner 
L, Llena C, Guerrero-Gironés J, Moraleda JM, Murcia 

L, Rodríguez-Lozano FJ.  Biological effects of new 
hydraulic materials on human periodontal ligament 
stem cells. J Clin Med. 2019;14:8.

 60. Curtis DM, VanderWeele RA, Ray JJ, Wealleans 
JA.  Clinician-centered outcomes assessment of 
retreatment and endodontic microsurgery using cone- 
beam computed tomographic volumetric analysis. J 
Endod. 2018;44:1251–6.

7 Minimally Invasive Approach to Endodontic Retreatment and Surgical Endodontics



171© Springer Nature Switzerland AG 2021 
G. Plotino (ed.), Minimally Invasive Approaches in Endodontic Practice, 
https://doi.org/10.1007/978-3-030-45866-9_8

Strategies for the Restoration 
of Minimally Invasive 
Endodontically Treated Teeth

Gianluca Plotino and Matteo Turchi

Contents
8.1  Introduction   171

8.2  Minimally Invasive Approach to Restorative Procedures   172

8.3  Post-endodontic Restoration: How and Why   174

8.4  Parameters Influencing Restoration of Endodontically Treated 
Anterior Teeth   175

8.5  Parameters Influencing Restoration of Endodontically Treated 
Premolar Teeth   182

8.6  Parameters Influencing Restoration of Endodontically  
Treated Molar Teeth   188

8.7  Restoration of Endodontically Treated Teeth with Fiber Posts   193
8.7.1  Basic Concepts   193
8.7.2  Strategical Fiber Posts   194
8.7.3  Minimally Invasive Procedures for the Cementation of Fiber Posts   194

8.8  Conclusive Remarks   196

 References   197

8.1  Introduction

Numerous articles have been published about 
endodontically treated teeth over the past 
decades. Among all the articles on this topic the 
conclusion of a Cochrane review [1] is particu-

larly interesting: until more evidence becomes 
available, clinicians should continue to choose 
how to restore root-filled teeth based on their 
own clinical experience. In fact, a lot of variables 
may play a great role in the restoration of end-
odontically treated teeth and, lacking a strong 
evidence, individual circumstances and patients’ 
preferences may determine the rehabilitation 
strategy.

Endodontically treated teeth have a minimum 
loss of water content [2] and the proprioceptive 
perception of these teeth may change [3, 4], but 
the variations in their structure summarized by 
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Gutmann [5] do not affect the mechanical proper-
ties of dentin, as demonstrated by several tests 
(punch shear strength, toughness test, load to 
flexural fracture) performed on both vital and 
contralateral teeth endodontically treated at least 
10 years before and then extracted for orthodon-
tic reasons [6].

Researches on this topic mainly focused on 
the amount of the residual tooth structure as the 
most important issue influencing endodonti-
cally treated teeth resistance [7, 8]. Panitvisai 
and Messer [9] showed that the deflection of the 
cusps increases with increasing cavity size 
from an occlusal cavity to a mesio-occlusal 
(MO) or disto-occlusal (DO) cavity to a mesio-
occluso- distal (MOD) cavity. Nevertheless, 
only performing the endodontic procedures 
showed a small effect on tooth stiffness. In this 
case, the 5% reduction in relative stiffness from 
endodontic treatment is contributed entirely by 
the access opening [7]. An occlusal cavity prep-
aration due to an occlusal caries can show a 
fourfold greater decrease in tooth stiffness 
(20%) than the only endodontic access cavity 
preparation [7]. Both procedures involve the 
same tooth occlusal area, but a greater exten-
sion of the caries and consequently of the 
occlusal cavity on the marginal ridge area may 
explain this difference. Therefore, the relevance 
of the marginal ridge integrity comes out and its 
violation can be considered as the greatest con-
tribution to loss of tooth strength. A two-sur-
face cavity preparation requires the removal of 
only one marginal ridge, like in a MO or DO 
cavity. It results in a 46% loss in tooth stiffness, 
while extending the cavity preparation to a 
MOD cavity results in an average of 63% loss 
of cuspal relative stiffness [7].

Clearly, even if endodontic access cavity 
preparation itself was thought to make teeth 
more susceptible to fracture as a result of the loss 
of tooth vitality, restorative procedures due to 
the loss of tooth structures are the major factor in 
weakening the tooth [10]. Thus, the decision on 
the type of restoration for an endodontically 
treated tooth should take in greater account the 
loss of tooth structure, in particular of the mar-
ginal ridges rather than the endodontic proce-
dure itself.

The golden rule in common with access cavity 
and root canal preparation is to preserve as much 
sound dentin as possible, following a minimally 
invasive approach. The prognosis of an endodon-
tically treated tooth improves proportionally to 
the amount of sound tooth structure, regardless of 
the type of restoration that is subsequently pro-
vided [11, 12]. Factors that can impair resistance 
of the tooth removing enamel and dentin struc-
ture during the access approach and the root 
canal preparation have been clearly reported in 
the Chapters 3 and 4 of this book.

8.2  Minimally Invasive Approach 
to Restorative Procedures

Minimally invasive approaches in endodontic 
procedures may guarantee less sacrifice of sound 
tooth structure, especially at the level of the cer-
vical area of the tooth, that is where coronal frac-
tures mostly happen, thus influencing also the 
restorative algorithm [13]. In fact, clinicians 
should always start their endodontic procedures 
keeping in mind that endodontics does not repre-
sent only “white lines” on a radiograph, but 
should be part of a more complex treatment plan 
that aims to restore the tooth to its original func-
tion in the mouth system. Following this princi-
ple, endodontists should always perform their 
procedures having the vision on the final aim of 
their work: to put the tooth in function again. The 
great indiscriminate removal of dentin given by a 
traditional endodontic access cavity, which rec-
ommends in all cases a predefined shape of the 
occlusal cavity and a straight-line access for the 
stainless-steel files to the apical curvatures 
removing the coronal interferences [14–16], may 
reduce the resistance of the tooth [17] and impair 
the long-term prognosis [18]. A more conserva-
tive approach that takes in higher consideration 
the peri-cervical dentin, the axial wall dentin, and 
the soffit, representing the most relevant tooth 
structure to be maintained and preserved, may 
increase the resistance to fracture of an endodon-
tically treated tooth and its long-term retention, 
following the simple principle that the greater 
amount of dentin is kept, the longer the tooth may 
be maintained [18] (Fig. 8.1). The possibility to 
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perform more conservative treatments with a 
dynamic approach given by the technological 
advancement of instruments, materials, and tech-
niques [19], as demonstrated throughout all this 
book, permits the clinician to save tooth structure 
and influence the treatment plan from a restor-
ative point of view (Fig. 8.2).

Technological advancements on the restor-
ative field also permit today more conservative 
tooth preparations: the most modern restorative 
materials may be highly performant in much less 
thickness than before [20, 21], and the advance-
ments in bonding technology [22] permit to cre-
ate adhesive restorations in most of the cases of 

a b c

e f g

d

Fig. 8.1 Conservative approach in endodontics in a 
15-year-old case demonstrating the way of thinking even 
when the actual technologies were not present. 
Preoperative view of the first lower left molar tooth with a 
deep occlusal caries (a). Conservative access cavity (b). 

Scouting of the root canals (c, d). The final root canal 
therapy with the preservation of sound dentine permits a 
direct restoration without post placement (e, f). A 15-year 
control radiograph (g)

a b c d

e f g h

Fig. 8.2 Conservative approach in endodontics. 
Preoperative view of the second lower right molar with an 
old mesial restoration (a). Thanks to their higher flexibil-
ity, heat-treated NiTi alloys permits to shape successfully 
even severely curved canals, like the distal (b), with the 

preservation of the original anatomy (c) and to be conser-
vative even in the access cavity (d). Restoration with an 
indirect composite onlay (e) and 2- and 4-years follow-up 
radiographs (f, g) and image (h)
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endodontically treated teeth except when a full 
crown is already present. Both these important 
technological advancements reduce the sacrifice 
of sound tooth structure required during restor-
ative procedures and cavity preparation, as partial 
adhesive restorations with complete or partial 
cuspal coverage may be performed in most of the 
teeth endodontically treated following the mini-
mally invasive procedures described in this book 
and given the fact that less extensive tooth prepa-
ration is today required for a full-crown restora-
tion, when necessary [23, 24]. In any case, the 
dogmatic correlation between endodontics and 
full-crown restoration given by classic studies 
[25–27], in which a complete cuspal coverage 
with a full crown was advocated for any end-
odontically treated tooth, independently of the 
amount of residual tooth structure, to reduce the 
risk for fracture and improve the prognosis of 
these teeth, may be no more actual, given the 
present advancements described above.

8.3  Post-endodontic 
Restoration: How and Why

The type of restoration on an endodontically 
treated tooth may be strongly influenced by the 
amount of residual tooth structure and the need or 
not for a partial or complete cuspal coverage 
[28]. In case that a cuspal coverage may be not 
needed, an inlay restoration (direct or indirect) 
may be performed, while when a partial or com-
plete cuspal coverage will be required it may be 
usually performed with an indirect restoration. 
The onlay restoration is represented by a partial 
cuspal coverage, usually involving the cusps and 
tooth structure near a marginal ridge missing, 
while an overlay restoration is a complete cuspal 
coverage with a partial tooth preparation that dif-
fers from a 360° full crown preparation because 
of coronal exposed margins saving more cervical 
toot structure [29]. Usually the cuspal coverage 
with onlays/overlays is performed with an indi-
rect restoration, even if in some cases it can be 
accomplished even with a direct restoration [30]. 

A direct restoration involving partial or complete 
cuspal coverage should be considered as a com-
promise respect to an indirect one, not because it 
may reduce the fracture strength of the tooth, as it 
has demonstrated no difference between the two 
different types of restoration [31], but because it 
may be more related to the operator skills, given 
the higher difficulties to perform the correct 
occlusal and interproximal shape directly in the 
mouth.

An analysis of the variables that may influ-
ence the type of restoration required for an end-
odontically treated tooth is mainly needed in 
order to reduce the risk for tooth fracture, which 
is the most common reason for their failure [32]. 
The decision on cuspal coverage (and also post 
placement, as reported later on this chapter) is 
mainly based on the following parameters: the 
quantity and quality of residual tooth structure, 
mainly given by the number and thickness of the 
remaining cavity walls and the height and thick-
ness of the prepared dentin to be covered (ferrule 
effect), in case of full-crown restorations.

Generally speaking, in the presence of only an 
occlusal endodontic cavity, cuspal coverage and 
post are not necessary and the clinician should 
only perform a simple direct filling of this space. 
If only one marginal ridge is lost, usually a post is 
not needed [33, 34], while the cuspal coverage 
may be suggested in posterior teeth depending on 
the quantity and quality of residual tooth struc-
ture [35]. Despite the rule should be to cover the 
cusps near the marginal ridge lost, in these cases 
the thickness of residual walls near the marginal 
ridge lost is a determining factor to decide when 
the cuspal coverage of the adjacent cusps is 
required: when this thickness is less than 2 mm, 
cuspal coverage may be suggested [36–38]. 
However, in these cases, a modern most conser-
vative access cavity design and root canal prepa-
ration may preserve critical tooth structure [17], 
thus permitting in some selected situations a 
direct (or indirect) restoration without any cuspal 
coverage even when a marginal ridge is missing.

When both marginal ridges are lost, the result 
is a strong reduction in tooth stiffness [7] and 
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complete cuspal coverage and post are usually 
required in almost all these cases. Given the most 
modern and conservative endodontic approaches 
described above and throughout all this book, 
most of these cases may be solved performing a 
complete cuspal coverage with a partial restora-
tion adhesively cemented, while in case of further 
tooth structure loss, post and cuspal coverage 
with a full crown are more indicated. A direct res-
toration without cuspal coverage and post place-
ment in these cases should be considered an 
extreme compromise for patients requiring it for 
a particular socio-economical situation [39].

The height and thickness of the prepared 
dentin to be covered by a full crown is related to 
the ferrule effect. A ferrule effect is defined as a 
“360° collar of the crown surrounding the paral-
lel walls of the dentin extending coronal to the 
most cervical point of the preparation. The 
result is an elevation in resistance form of the 
crown from the extension of dentinal tooth 
structure” [40]. Therefore, the presence of cir-
cumferential 2 mm high parallel walls of dentin 
extending coronally from the crown margin pro-
vide a “ferrule”: after being encircled by a 
crown, it provides a protective effect by reduc-
ing stresses within a tooth, called the “ferrule 
effect” [41]. Maintaining sound coronal and 
radicular tooth structure and cervical tissue to 
create a ferrule effect is crucial to optimize the 
biomechanical behavior of the restored tooth 
and to guarantee a better prognosis [12]. In fact, 
in addition to the relative consistency in litera-
ture supporting the 2  mm height rule, some 
authors have implicated even the thickness of 
residual axial tooth structure after coronal prep-
aration to be significant for fracture resistance 
[42]. The thickness of the residual dentin after 
the preparation for the crown should be at least 
1  mm [43]. Jotkowitz and Samet [42] also 
stressed the number of walls as another aspect 
that should be re-thought. Usually caries brings 
down some walls, and more frequently the prox-
imal ones, while erosion and abrasion more 
commonly affect only the buccal walls. If the 
clinical situation does not provide a circumfer-

ential ferrule, an incomplete ferrule is always 
preferable than a complete lack of ferrule [44]. 
Furthermore, when an incomplete ferrule is 
present in anterior teeth, the presence of the 
palatal wall becomes more important than the 
other walls in terms of fracture resistance [44].

The clinician should also take a decision when 
to insert a root canal post or not, and this proce-
dure is determined by more factors than just the 
number and thickness of the residual cavity walls 
and the height and quality of the ferrule present, 
as it will be reported in the last part of this 
chapter.

Additional parameters to be taken into con-
sideration for the restoration of endodontically 
treated teeth that may influence the type of res-
toration required are: the position of the tooth 
in the arch (anteriors, premolars, molars), the 
role of the tooth in the rehabilitation (single-
tooth, part of a bridge or of a full mouth restora-
tion), and the strength of occlusal and shear 
stress (parafunctions, antagonist teeth, orth-
odontic class). In particular, if a tooth is part of 
a most complex restoration, it must be consid-
ered in a different way rather than if it is a sin-
gle tooth restoration, as the loss of a tooth with 
a poor prognosis, but included in a full-arch 
restoration may impair the prognosis of the 
entire rehabilitation.

8.4  Parameters Influencing 
Restoration of Endodontically  
Treated Anterior Teeth

In anterior teeth, in cases of an intact crown 
where only the access cavity has been opened, a 
simple direct composite restoration may be per-
formed to fill the palatal access [45] (Fig. 8.3). 
When a more incisal conservative access with a 
direction parallel to the long axis of the root fol-
lowing the principles given in Chap. 3 is per-
formed (Fig. 8.4), a greater attention should be 
given to clean the mesial and distal pulp horns to 
prevent future crown discoloration and voids in 
the restoration in these points [46]. As a general 
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a b c

Fig. 8.3 Lower left lateral incisor with periapical lesion (a). Even after the endodontic treatment (b) the crown is intact 
overall. A direct restoration is satisfactory (c)

Fig. 8.4 Examples of more incisal access cavities
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rule, gutta-percha filling should be limited 2 mm 
below the root canal orifices that should be adhe-
sively sealed and filled with resin composite dur-
ing the restorative process or by the endodontist 
specialist before to send back the case to the 
referral dentist (in cases in which a post will be 
not needed). This is of particular importance in 
the anterior teeth to prevent crown discoloration 
by the root canal filling materials in the cervical 
area, through the dentinal tubules that in this 
region of the tooth proceed in an apico-coronal 
direction from the canal to the enamel [47]. 
Thus, the dentinal tubules starting from the buc-
cal part of the canal 2 mm below the CEJ will 
finish in the CEJ area, which in case of cemental 
defects may be stained by endodontic materials. 
In retreatment cases in which this discoloration 
is already present, an internal bleaching may be 
needed to solve it before completing the restora-
tion [48, 49]. A flowable resin composite may be 
the material of choice to seal the root canal up to 
the orifices, moved by a thin sharp probe to 
reduce the inclusion of air bubbles between the 
gutta-percha and composite layers. In fact, inclu-
sion of air bubbles in between the different lay-
ers of restorative materials may be difficult to be 
prevented when restoring a conservative access 
cavity with four walls, especially between the 
different layers of standard packable resin com-
posite that should then be used in 2 mm thick-
ness to complete the filling of the coronal access 
up to the occlusal surface [50]. In these cases, 
especially in posterior teeth with less esthetic 
requirements, clinicians may take the advantage 
of using bulk- fill flowable injectable resin com-
posites with layer thickness of 4 mm to better fill 
undercuts and reduce air bubble inclusion [51]. 
The occlusal 1.5–2 mm layer should then always 
be filled with a packable standard composite 
with better mechanical properties than a flow-
able material.

In endodontically treated anterior teeth with a 
moderate loss of tooth structure, the clinician can 
decide case by case according to the different 
tooth characteristics to put a post or not and to 
perform a full crown or a veneer or a direct com-

posite restoration. Usually, a fiber post or a full 
crown is not required in these cases [45] 
(Fig.  8.5), but some clinical exceptions to this 
rule should be considered. In case of the reattach-
ment of a fragment, when a coronal fracture 
occurred in an anterior tooth, a strategical short 
post may be used to connect the fragment to the 
residual tooth structure, thus contrasting the 
harmful effects of lateral forces (Fig. 8.6). A stra-
tegical post may be also suggested in endodonti-
cally treated anterior teeth with incomplete root 
formation in young patients in which usually an 
apical plug with MTA has been performed to seal 
the open apex. Afterwards, a restoration using a 
fiber post may be performed to improve the resis-
tance of the low thickness residual dentinal walls 
(Fig. 8.7). Similar indications to the use of a stra-
tegical post may exist when an unexpected big 
loss of coronal tooth structure may be a conse-
quence of a complex endodontic clinical situa-
tion, such as to remove coronal calcifications to 
find a calcified root canal deep inside the root of 
a traumatized anterior tooth or in the presence of 
massive internal root resorptions (Fig. 8.8). Even 
the change of teeth axis during a prosthetic prep-
aration in complex prosthetic rehabilitations may 
require the use of a strategical post to better 
maintain the core that will be extensively reduced 
by the circumferential tooth preparation.

An anterior tooth with a severe loss of tooth 
structure usually needs a fiber post placement 
and a full-crown restoration (Fig. 8.9). In these 
cases, a post is mainly needed to maintain the 
core and to better dissipate the functional 
stresses, especially to withstand the lateral 
forces, thus reducing the risks for a possible dra-
matic failure, and a full crown on a 2 mm cir-
cumferential ferrule is mandatory for a better 
long-term prognosis. In fact, it has been demon-
strated that in these cases of big amount of loss 
of coronal tooth structure the presence of a post 
may reduce the number of catastrophic failures 
(mainly given by vertical unrestorable root frac-
tures leading to the extraction of the tooth), 
increasing the possibility that the eventual fail-
ure may be more favorable and thus restorable, 
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Fig. 8.5 Crown fracture of the maxillary left central inci-
sor (a). The preoperative radiograph shows an incorrect 
endodontic treatment (b). The restoration was performed 
before the endodontic retreatment for esthetic request of 
the patient (c). Postoperative radiograph of the endodontic 

retreatment (d). Then a 2-week internal bleaching and a 
final direct restoration of the palatal access were per-
formed because of tooth discoloration. 2-year follow-up 
of the endodontic treatment and the direct restoration (e, f)
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a b c

Fig. 8.6 Coronal fracture of a left maxillary central incisor (a). A short strategical fiber post was placed to connect the 
fragment to the remaining sound tooth structure (b). 5-year follow-up (c)

a b c d

Fig. 8.7 Necrotic left central incisor with an incom-
pletely formed root and low thickness of the residual den-
tinal root walls (a). A 4-mm apical plug of MTA was 

performed (b) and a strategical post was placed in order to 
reinforce the tooth structure (c). 1-year follow-up (d)

postponing the extraction of the tooth [52, 53]. 
When an old full crown should be substituted in 
the anterior teeth, different strategies may be fol-
lowed and depending on the quantity and quality 
of the residual tooth structure a post may be 
inserted or not before performing a new restora-
tion (Fig. 8.10).

Given the less occlusal stress and masticatory 
forces acting on the anterior teeth [54], in some 
situation when the loss of tooth structure involves 
the incisal tooth part up to the middle third of the 
crown and there are ideal conditions in terms of 

occlusion, a direct esthetic composite restoration 
may also be performed by a skilled clinician to 
restore the entire missing tooth structure. In these 
cases, the use of a post may be useful to better 
maintain the restoration and, above all, to with-
stand the lateral forces that may act to the restora-
tion and promote its mechanical failure and 
detachment (Fig. 8.11).

On the contrary, when a complete loss of cor-
onal tooth structure leaves the root without any 
ferrule, conservative treatments alternative to 
dental extraction and implant placement, such as 
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a b c

Fig. 8.8 Internal root resorption in a mandibular right lateral incisor (a). Endodontic therapy completed and strategical 
fiber-post placement (b). 2-year follow-up (c)

a b

c d e f g

Fig. 8.9 Post and full crown need in a maxillary right 
lateral incisor with severe loss of tooth structure. 
Preoperative frontal (a) and occlusal (b) views. The pre-
operative radiograph shows an old retrograde filling with 

amalgam and a periapical lesion (c). After endodontic 
retreatment (d), post placement and full-crown restoration 
(Lab Loreti, Rome—Italy) (e). 2-year follow-up radio-
graphical (f) and intraoral (g) views
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Fig. 8.10 Maxillary central incisors with bad conditions 
of the old full crowns and the surrounding soft tissues (a). 
Unacceptable root canal treatment for both quality and 
extent of the filling, with radiographic signs of periapical 
lesions (b). Full-crown restoration (Lab Loreti, Rome—

Italy) (c) and post placement was performed in the right 
central incisor for the poor amount of residual tooth struc-
ture, while a post was not necessary in the other tooth (d). 
5-year follow-up intraoral (e) and radiographical (f) views
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orthodontic or surgical extrusion, should be taken 
into great consideration, as described in the fol-
lowing chapter of this book. A surgical crown 
lengthening may be also performed in these 
cases, but with more contraindications being an 
esthetic anterior zone.

8.5  Parameters Influencing 
Restoration of Endodontically 
Treated Premolar Teeth

In premolars with intact crowns and only the 
presence of an endodontic access cavity, no 
fiber post nor full-crown or partial coverage is 
required, and the clinician can only perform a 
direct composite restoration to fill the occlusal 
cavity (Fig. 8.12). Generally speaking, the use 
of a liquid etchant may be suggested in a con-
tracted access to reach the undercuts and pene-
trate such small spaces, given its decreased 
viscosity rather than acid gels. For the same rea-
son, liquid acid can guarantee better etching in 
the apical region during post cementation [55]. 
Liquid etchants have better wettability and 
lower surface energy than acid gels, improving 
the capability of reaching the most difficult 
regions [55]. The use of small endodontic 
brushes to apply the adhesive system may be 
also suggested to better reach the less accessible 

areas [56]. Light curing of the adhesive and the 
deepest layers of the restoration should be 
extended to 40 s in cases of areas with limited 
direct access [57]. Furthermore, the use of a 
flowable resin composite to build-up the deepest 
layer of the restoration may be helpful to permit 
the clinician to move this material inside the 
cavity [58], thus reaching more easily the under-
cuts and permitting to reduce the possible inclu-
sion of air bubbles in the material layer [59]. 
Flowable bulk-fill materials may be used in 
these cases, having the possibility to increase 
the thickness of each layer to 4 mm instead of 
the standard 2 mm [60]. A standard light-curing 
highly filled packable resin composite is then 
used for the reconstruction of the last occlusal 
1.5–2  mm layer, being more easily sculptable 
and more resistant to wear [50].

In premolar teeth with a loss of one marginal 
ridge, usually a fiber post and/or a full crown are 
not required and an adhesively cemented indirect 
restoration that will partially cover the cusps 
near the marginal ridge lost represents the solu-
tion of choice in these cases (Fig.  8.13). The 
decision generally is determined case by case 
depending on the amount of sound tooth struc-
ture, the  thickness of the cusps near the marginal 
ridge lost, and the presence of further restora-
tions (i.e., buccal restorations). In fact, in cases 
of interproximal caries-driven opportunistic 

a b c

d e f

Fig. 8.11 Crown fracture of the mandibular left lateral incisor (a). After the endodontic treatment (b), a strategical post 
was used (c) to better retain the direct incisal restoration (d). 1-year follow-up radiographical (e) and intraoral (f) views
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a b

c d e

Fig. 8.12 Conservative approach in premolars. The sec-
ond maxillary premolar tooth with a periapical lesion 
became necrotic probably for trauma (a). The absence of 

caries permitted a conservative access cavity and root 
canal treatment (b, c) and the restoration with a direct 
composite (d). Radiograph of the 2-year follow-up (e)

a b c

d e

Fig. 8.13 Indirect restoration in a premolar with loss of 
one marginal ridge. The second maxillary premolar tooth 
shows a big mesial caries penetrating the pulp chamber (a). 

Preparation for the impression after the restoration with a 
fiber post (b, c). Radiographical (d) and intraoral (e) views 
after onlay cementation (Lab Loreti, Rome—Italy)
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access cavity with the loss of only one marginal 
ridge with a well- represented thickness of the 
dentin at the bases of the buccal and lingual 
cusps, normally a direct resin composite restora-
tion without any post can be also considered 
(Fig. 8.14). Conversely, when an indirect resto-
ration with a partial cuspal coverage should be 
more indicated for the higher loss of sound tooth 
structure near the marginal ridge lost and a 
reduced cusp thickness, but the patient cannot 
afford it economically, a strategical post may be 
used to dissipate the stresses in a better way and 
a direct restoration removing all the undermined 
tooth structure may be performed with or with-
out the direct cuspal coverage, as a compromise 
from an esthetic and functional point of view, 
given the difficulties in modelling the occlusal 

surface in such big restorations. This choice may 
also allow the clinician to perform an indirect 
restoration even later.

When a full crown is indicated in cases of only 
one marginal ridge lost in premolars, because of the 
extension of the tooth structure lost, the presence of 
already existing restorations in other parts of the 
tooth, and/or the reduced thickness of both cusps, the 
use of a post may be recommended to better retain 
the core and dissipate the stress in a more favorable 
way, because of the further amount of tooth structure 
that will be lost after circumferential tooth prepara-
tion for the full crown (Fig. 8.15).

Clinicians may proceed similarly when in pre-
molars the loss of both mesial and distal marginal 
ridges occurs: in these cases, a fiber post may be 
suggestable and a complete cuspal coverage is 

a b

Fig. 8.14 Direct restoration in a premolar after the end-
odontic treatment performed with a conservative inter-
proximal caries-driven access opened through the old 

interproximal restoration preserving all the residual coro-
nal tooth structure (a, b)
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always needed. A full crown or an overlay adhe-
sive restoration may be performed depending on 
the quantity, quality, and thickness of the residual 
amount of tooth structure (Fig. 8.16).

In premolars with the loss of both marginal 
ridges together with a severe or complete loss of 
tooth structure, after the insertion of a post, a cus-

pal coverage with a full-crown restoration is the 
only possible choice. A surgical tooth crown 
lengthening (Fig. 8.17) or an orthodontic extru-
sion (Fig. 8.18) must be considered in these cases 
if there is not enough residual ferrule [61]. Crown 
lengthening has a significant biological cost that 
must be considered into the treatment decision- 

a b c

d e f

g h i

Fig. 8.15 Post and full-crown restoration in a first maxil-
lary premolar tooth showing a significant loss of tooth 
structure in occlusal, mesial, and buccal area with a big 
old MO restoration and an extended cervical caries and an 

incomplete root canal treatment (a–c). After the endodon-
tic retreatment, it was restored with a post and a full crown 
(Lab Loreti, Rome—Italy) (d–f). 3-year follow-up radio-
graphical (g) and intraoral (h, i) views

a b

Fig. 8.16 Post and full-crown restoration in a second 
maxillary premolar tooth showing a significant loss of 
tooth structure with both mesial and distal marginal ridges 

missing (a). The decision was to restore it with a fiber post 
and a full crown (Lab Loreti, Rome–Italy) (b, c). 1-year 
follow-up (d)
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a b

c d

Fig. 8.17 Surgical crown lengthening. The second max-
illary premolar tooth reported a fracture of the palatal 
cusp that invades the periodontal support (a), requiring 
endodontic treatment and crown lengthening (b). 3-year 

follow-up radiographical (c) and intraoral (d) views. 
(Surgical crown lengthening Dr. Guerino Paolantoni, 
prosthetic rehabilitation Dr. Fabio Teodori)

c d

Fig. 8.16 (continued)

making process; in fact Gegauff [61] demon-
strated a more favorable crown-root ratio with 
orthodontic extrusion than with crown lengthen-
ing that impairs tooth static load failure to a 
greater extent.

Patients may not accept the orthodontic extru-
sion because of longer treatment time and also 
because sometimes after the orthodontic extru-
sion a crown lengthening may be necessary if 
the clinician does not perform the fibrotomy 
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weekly or if the bone follows the root [62–64]. 
Even if crown lengthening is performed after 
orthodontic extrusion, the same crown-root ratio 
is maintained in a more favorable way than with 
crown lengthening only, but in these cases an 

alternative treatment such as the surgical extru-
sion may be also taken into consideration as 
reported in Chap. 9. Extraction and implant 
placement remain the last option, having in any 
case a high success rate [65].

a b

c d e

f g

h i

Fig. 8.18 Orthodontic extrusion. The second maxillary 
premolar tooth reported a fracture of the palatal cusp that 
invades the periodontal support caused by and extensive 
caries lesion (a, b). After endodontic treatment and post 
placement, orthodontic extrusion was performed in 

40 days (c–e) and a full crown was chosen as final resto-
ration (Lab Loreti, Rome—Italy) (f–h). 3-year follow-up 
radiograph (i). (Orthodontic extrusion Dr. Ferruccio 
Torsello)
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8.6  Parameters Influencing 
Restoration 
of Endodontically Treated 
Molar Teeth

In molar teeth with an intact crown and an occlu-
sal endodontic access cavity only, no fiber post 
nor full-crown or partial coverage restorations 
are needed, and the clinician can perform a direct 
composite restoration or eventually an indirect 
inlay without any cuspal coverage to fill the 
occlusal cavity, as already reported for premolar 
teeth (Fig. 8.19). The step-by-step restoration in 

these cases is similar to what has been already 
described for similar situations in anterior and 
premolar teeth with only an occlusal endodontic 
cavity.

In some cases, after the endodontic treatment 
both marginal ridges may be still present, but a 
greater extension of the caries (i.e., on the buccal- 
lingual surfaces) may cause a significant loss of 
tooth structure: a post is not needed to retain the 
material, but the clinician may perform an indi-
rect onlay, with a partial cuspal coverage to better 
reconstruct the occlusal anatomy. Sometimes, 
when a big primary occlusal caries or a big old 

a b

c d

Fig. 8.19 Direct restoration in molars. The limited extension of the occlusal caries (a) allowed a conservative cavity 
access (b). The endodontically treated tooth (c) was restored with a direct composite (d)
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occlusal restoration with recurrent caries are 
present, their removal can still lead to a class I 
cavity, but undermining the tooth structure with a 
poor amount of thickness of the residual walls 
circumferentially. In these cases, apparently 
intact teeth may also present mesial and/or distal 
vertical cracks, especially in amalgam-filled teeth 
[66, 67]. Sometimes cracks penetrate inside the 
pulp chamber, thus requiring an endodontic treat-
ment [68] and an overlay adhesively cemented 
indirect restoration with a complete cuspal cover-
age to prevent cracks extension (Fig.  8.20). In 
these cases, usually clinicians should also per-
form a preventive cuspidectomy at the beginning 
of the endodontic treatment to reduce the risk for 
fracture of the thin residual walls under mastica-
tory load between the appointments. When an 
indirect restoration is needed, a flowable bulk-fill 
resin composite may be used for the core build-
 up and the preparation for the cuspal coverage 
may be performed in tooth areas that are no more 
sustained by dentin. The cementation of a strate-
gical fiber post may also be taken into consider-
ation in these cases.

In molars with the loss of only one marginal 
ridge, a fiber post and a full crown are not usually 
needed because of the big amount of tooth struc-
ture maintained in the part of the tooth not 
involved in the pathology. A partial coverage of 
both the two cusps near the marginal ridge lost 
would be the ideal solution in these cases, even if 
a simple direct composite restoration may be per-
formed without any cuspal coverage, depending 
on the amount of residual tooth structure and the 
thickness of the cusps near the marginal ridge 
lost. In fact, no post and a direct restoration can 
be a good solution for cases with a caries lesion 
penetrating the pulp, thus requiring endodontic 
treatment but involving only one marginal ridge, 
when a caries-driven conservative dynamic 
enlargement of the access is performed 
(Fig. 8.21). The stiffness of the cusps in this situ-
ation is similar to a class II cavity for the restora-
tion of an interproximal caries, regardless that 
endodontic treatment is performed or not [69]. 
Treatment planning should be very important in 
these cases when the patient cannot afford a more 
expensive indirect restoration: performing a con-

a b c

d e f

Fig. 8.20 Post and overlay restoration in molars. Old 
restoration with a big decay in the right mandibular first 
molar tooth (a). After the removal of the old restoration, 
a crack was appreciated in the cavity floor (b), that con-
tinued inside the pulp chamber and on the distal aspect 

(c). The tooth was endodontically treated, restored with 
fiber posts and an adhesively cemented lithium-disili-
cate ceramic overlay restoration (Lab Loreti, Rome—
Italy) (d–f)
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servative endodontic treatment as described 
throughout all this book may help the clinician to 
perform a simple and less expensive direct resin 
composite class II restoration without cuspal cov-
erage, without impairing too much the long-term 
outcome of these teeth. In similar cases but with 
a bigger loss of tooth structure, when the access 
is not much conservative and the thickness at the 
base of a cusp is less than 2 mm, a restoration can 
be performed also with the cementation of a 
 strategical post and a direct partial coverage of 
the involved cusps (Fig. 8.22). In these cases, it 

may be advantageous to reduce these cusps 
1.5–2  mm occlusally and restore the occlusal 
anatomy even with a direct restoration, thus not 
impairing the fracture resistance of these teeth 
with respect to an indirect restoration with cuspal 
coverage [31]. Direct restorations in these cases 
should be considered as an interim restoration 
waiting to perform a more performant indirect 
restoration: this is the reason of the insertion of 
the post. Strategical posts can be also used for 
prosthetic reasons after the endodontic treatment 
to better retain the core and avoid exposure of 

a b c

d e f g h
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n o p

Fig. 8.21 Caries-driven interproximal conservative 
dynamic access and direct restoration. The mesial deep 
extension of the caries in the lower left second molar (a) 
required the root canal treatment (b), but a direct restora-

tion without post was performed because of the only one 
marginal ridge lost and the conservative access opening 
(c–m). 1-year follow-up radiographical (n) and intraoral 
(o, p) views
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f g
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a b c

d e

Fig. 8.22 An upper first molar with loss of one marginal 
ridge (a) and with a residual cusp thickness lower than 
2 mm (b, c). Cusps were reduced (d, e) and tooth restored 

with a direct composite restoration using a strategical 
fiber post placement to dissipate the stress (f–j)

gutta- percha when root hemisection should be 
performed for periodontal reasons.

In molar teeth with the loss of both two mar-
ginal ridges, the use of a fiber post is suggestable 
and a complete cuspal coverage is always needed 
to protect the tooth from the high risk for fracture 
given by the reduced stiffness of the residual 

cusps and their higher deflection rate. As soon as 
both buccal and lingual walls are adequately 
maintained in these cases, a partial indirect adhe-
sively cemented restoration with complete cuspal 
coverage (overlay) with or without the cementa-
tion of a fiber post may be the solution of choice 
to be conservative maintaining as much tooth 
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a b c d
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Fig. 8.23 Post and overlay restoration in molars. Mesial 
old restoration and distal caries under an old restoration in 
a mandibular first molar (a). After the endodontic therapy 
(b), the tooth was restored with a post (c) and prepared 

with cusp reduction and a build-up (e) for the cementation 
of a composite overlay (Lab Loreti, Rome—Italy) (f). 
6-year follow-up radiographical (d) and intraoral (g) 
views

a b c d

e f g h

Fig. 8.24 Post and full-crown restoration in molars. Big 
amount of loss of tooth structure distally and big restora-
tion mesially in an upper left first molar (a). After a pre- 
endodontic build-up with a bulk-fill material, the root 
canal treatment and the cementation of a fiber post were 

performed (b) and the tooth was prepared for a full crown 
(c, d). A monolithic full zirconia crown (Lab Loreti, 
Rome—Italy) was cemented (e). 3-year follow-up radio-
graphical (f) and intraoral (g, h) views

structure as possible, while reducing the risk for 
cusp fracture (Fig. 8.23). Both a fiber post and a 
full-crown restoration are usually required in less 
conservative cases, with a massive loss of tooth 
structure because of big old restorations, caries, 
or fracture (Fig.  8.24). Surgical tooth crown 
lengthening should be also taken into consider-
ation in cases of partial or complete lack of fer-

rule or loss of the biologic as width, but, if no 
ferrule is present at all, the clinician should also 
consider the extraction and implant placement as 
a predictable therapy or the surgical extrusion 
when ideal conditions are present for atraumatic 
extraction or tooth autotransplantation when an 
adequate donor tooth is available as described in 
Chap. 9.
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8.7  Restoration 
of Endodontically Treated 
Teeth with Fiber Posts

8.7.1  Basic Concepts

Restoration of root-filled teeth may be carried 
out with or without a post [70]. The main reason 
to use a post is to retain a core when there is not 
enough residual coronal tooth structure [5, 71]. 
Different types of post have been available on 
the market. To achieve optimum results in post 
restoration, the materials that should be used to 
restore root-filled teeth should have physical and 
mechanical properties similar to that of dentin; 
they should be able to bond to the tooth structure 
and should be biocompatible in the oral environ-
ment [70]. Thus, it was suggested that the modu-
lus of elasticity of a post should be as much as 
similar to that of dentin for a more uniform dis-
tribution of the stress along the post length 
[72–74].

Both cast gold post-and-cores and metal pre-
formed posts distribute the stress along the post, 
concentrating it at the root area around the tip of 
the post, with a higher risk of root fracture [75]. 
On the other hand, the biomechanical properties 
of preformed fiber-reinforced posts have been 
reported to be close to that of dentin in terms of 
elastic modulus [76, 77], so that today they may 
be considered the gold standard for the restora-
tion of endodontically treated teeth. In fact, the 
mean value of elastic modulus of dentin (Young’s 
modulus) is around 15–20  GPa [77, 78], while 
fiber posts have registered the most similar mod-
ulus of elasticity to that of dentin, having the 
“white” glass fiber posts values nearer to that of 
dentin (24–28  GPa) [77] than “black” carbon 
fiber posts, that registered a little bit higher val-
ues (around 34 GPa) [77]. White fiber posts are 
recommended especially in esthetic areas, but 
today they are the most commonly used fiber 
posts in general [79], while in posterior teeth car-
bon fiber posts may be used to better withstand to 
the occlusal forces because they have a little bit 

higher modulus of elasticity. Metal posts 
 registered much higher values of elastic modulus 
than fiber posts (110 GPa for stainless-steel and 
65 GPa for titanium), with gold posts having the 
lowest value (53  GPa) among different metals, 
more similar to that of fiber posts [77]. For this 
reason, when no more ferrule is present, the only 
alternative to fiber posts may be the use of a gold 
cast post-and-core [80], but in these cases clini-
cians should evaluate the long-term prognosis of 
no-ferrule teeth and also consider the possible 
implant alternative [81–84].

Teeth restored using fiber posts have demon-
strated a good survival rate in clinical studies, 
with similar performance to cast post-and-cores 
[85]. Even metallic posts had a good clinical sur-
vival, but the associated failures were mostly irre-
versible, differently from what happened with 
fiber posts that reported with more restorable fail-
ures [85]. This is the most important reason today 
for using a fiber post instead of a metallic post. 
Several in vitro studies also confirmed that teeth 
restored with non-rigid (low modulus) posts 
(fiber posts) showed fewer catastrophic irrevers-
ible root fractures rather than teeth restored with 
rigid (high modulus) posts (metal posts) [84–87]. 
Endodontically treated teeth restored with glass 
fiber posts showed an increased fracture strength 
and a more favorable mode of fracture and there-
fore the use of fiber posts was highly recom-
mended to achieve better clinical outcomes [88, 
89], with also a higher survival rate of this type of 
restoration and of the tooth itself [90].

Furthermore, both in vivo and in vitro stud-
ies reported that teeth restored with fiber posts 
showed mostly restorable fractures, while the 
ones restored without posts displayed 
unrestorable failures, both when full coverage 
restorations were used or not [91–93]. Based 
on this statement, the use of strategical fiber 
posts to dissipate the stresses and protect 
against failure even when they are not strictly 
required only to retain the core have been 
mentioned several times previously in the 
present chapter.
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8.7.2  Strategical Fiber Posts

Strategical fiber posts can be thus used in several 
clinical situations to enhance the biomechanical 
behavior to better dissipate the occlusal stresses 
on the tooth and to reduce the risks of a possible 
catastrophic non-restorable mechanical failure, 
even when it is not mandatory for their function 
to retain the core. This is the case, for example, of 
interproximal cavities with a marginal ridge lost 
in which an indirect adhesive restoration should 
be indicated in order to partially cover the under-
mined cusps near the marginal ridge lost, but the 
patient cannot afford an indirect restoration after 
the endodontic treatment [94]. In this border-line 
situation it is important to plan the treatment 
since the beginning, thus aiming to be as much 
conservative as possible, as indicated throughout 
all this book, to maintain as much tooth structure 
that may increase the prognosis of these teeth in 
which a compromise will be taken in the restor-
ative phases. Thus, the clinician may perform in 
these cases a direct restoration with or without 
the partial reduction of the two cusps near the 
marginal ridge lost and a fiber post may be used 
to improve the mechanical behavior of the tooth 
(Fig. 8.22). Ideally, this restorative choice should 
be considered as a temporary compromise resto-
ration and should be substituted by a more effec-
tive cuspal coverage as soon as possible.

A strategical post to better dissipate the forces 
can be also used when indirect adhesive restora-
tions with partial/complete cuspal coverage 
(onlays/overlays) are performed and its use is not 
mandatory to retain the core (Fig. 8.13). As the 
absence of a post may impair fracture resistance 
and increase cusp strain, depending on the remain-
ing tooth structure [95], the strategic purpose of 
inserting a post is to make an eventual mechanical 
failure more favorable and restorable, even if it 
will occur after several years [92, 96]. Being a cir-
cumferential tooth preparation for a full crown, 
the further step of the treatment, this strategy will 
make the reintervention easier, because a post 
placement is suggestable to retain the core in most 
of the cases when a full crown is required, as 
today this type of restoration is mainly performed 
in teeth with a severe loss of tooth structure.

8.7.3  Minimally Invasive Procedures 
for the Cementation of Fiber 
Posts

Fiber post placement, and a strategical post in 
particular, may also be suggested because of the 
possibility to perform these procedures with the 
maximum conservation of tooth structure, fol-
lowing the minimally invasive concepts described 
below.

In particular, the clinician must approach the 
phase of post-space preparation with the maxi-
mum conservative attitude, preserving as much 
sound dentin as possible, through the removal of 
the root canal filling material only and cleaning 
the root canal walls without an additional enlarge-
ment of the root canal after the endodontic treat-
ment [11]. Removing a bigger amount of the 
remaining radicular and coronal tooth structure 
after the endodontic root canal preparation to 
insert a post does not lead to a concrete benefit 
and, on the contrary, it is detrimental for the long- 
term prognosis [97]. Thus, the most important 
message is that to insert a post the clinician 
should not enlarge the coronal part of the root 
canal more than what was required to perform the 
endodontic treatment. For this reason, the post- 
space tapered drills normally suggested to be 
used by post manufacturer are not compatible 
with a conservative preparation, because they are 
too big and rigid and always remove more dentin 
than needed and over-enlarge the canal. Gates- 
Glidden are the most preferable and conservative 
burs to be used in all cases: the rule to follow is to 
use a bur that is smaller than the root canal diam-
eter, just to remove the filling material and respect 
the apical seal, maintaining at least 4–5 mm of 
gutta-percha apically [98, 99]. Largo burs may be 
also used but they are bigger and more rigid for 
their longer active part. If a vertical compaction 
of the gutta-percha technique is used to fill the 
root canals and a post is needed, it may be useful 
not to fill back the canal or to fill it back just as 
much as needed to leave the correct post-space 
length and just chemically clean the root canal 
walls before cementation.

Another important topic about the conserva-
tive approach in post-space preparation is the 
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length of the post-space in relationship with the 
post length. In the metal post era, the length of a 
post was considered important since it was 
directly proportional to the amount of support 
offered to its retention and the resistance to root 
fracture [100]. From this retentive standpoint, not 
adhesively cemented metal posts were performed 
as long as possible, to increase the retaining and 
resistance properties [11, 101, 102]. These clas-
sic concepts are not valid anymore with fiber 
posts thanks to the adhesive procedures and 
because the insertion length does not influence 
the biomechanical performance and the fracture 
resistance of endodontically treated teeth restored 
with fiber posts [53, 79]. Therefore, the insertion 
of short posts became a valid alternative in the 
restoration of root-filled teeth [103], as adequate 
retentive values are achieved even with shorter 
posts [104]. The advantage of shortening the 
length of a post with the use of fiber posts is rep-
resented by the possibility to reduce the risks 
connected to a post-space preparation deep inside 
the root and the inevitable removal of more sound 
tooth structure. There are several factors that may 
influence the post length: when a strategical post 
is used post length may be reduced, as the main 
aim is not to retain the core (Fig. 8.13); the less is 
the residual tooth structure present, the longer 
should the post be to increase the retention and 
the fracture resistance (Fig. 8.24); the presence of 
a severe canal curvature in the middle third of the 
root canal may result in a reduction of the ideal 
post length up to the beginning of the curvature, 
regardless of the residual coronal tooth structure, 
as the clinician cannot straighten the curvature 
and reduce tooth resistance just to increase the 
length of the post [70, 105] (Fig. 8.16); usually 
the insertion of one fiber post is enough for the 
restoration of endodontically treated, but in mul-
tirooted teeth with severe loss of tooth structure 
the use of more than one post may be suggested: 
the length of the additional posts may be reduced 
in these cases as they only have an antirotational 
effect to act against lateral forces and/or act as 
support near the most damaged tooth areas; even 
in cases with a great amount of coronal tooth 
structure, a reduced periodontal support requires 
a longer post, as the crown-to-root ratio in these 

cases may be unfavorable because of the alveolar 
bone loss and the center of rotation moves api-
cally reducing the tooth resistance to lateral 
forces [106]. To act against lateral forces in cases 
of alveolar bone loss, the clinician should insert 
the post below the bone level near the fulcrum, 
despite the amount of residual tooth structure.

While the post-space preparation is the most 
important step to increase the resistance of the 
tooth, being as much minimally invasive as pos-
sible [107], the post-space cleaning and disinfec-
tion is the crucial step to increase the retention of 
fiber posts. In fact, the most common type of fail-
ure with fiber-reinforced composite posts is not 
root fracture, but debonding [108, 109]. The post- 
space should be chemically cleaned using 17% 
EDTA or 2% CHX for 1–2 min after post-space 
preparation to remove debris and smear layer 
[110]. EDTA could also enhance the performance 
of self-etching primers [111, 112] and CHX may 
increase the retention of fiber post and the long- 
term stability of the adhesive system [113, 114]. 
A mechanical cleaning is also needed while using 
chemicals, performing a passive or active ultra-
sonic activation [115, 116] and/or using manual 
or mechanical brushes. Hydrogen peroxide and 
sodium hypochlorite liquids must be avoided in 
this cleaning step because they may interfere 
with the adhesive procedures [117, 118]. Even 
other materials can impair adhesives polymeriza-
tion, for example, if the endodontic treatment and 
post placement are scheduled in the same visit, 
eugenol-based root canal sealers should be 
avoided [119], while bioceramic and resin-based 
root canal sealers are suggested. When bleaching 
is performed, adhesively cemented fiber post 
should also be performed at least 7–14 days after 
bleaching to reduce influence of peroxides gener-
ated by the bleaching agent on the adhesive pro-
cedures [48]. To increase retention of the fiber 
posts, posts with surface treatments made by the 
manufacturer should be selected to increase sur-
face roughness and improve the surface area 
available for adhesion [120] and create a surface 
layer that may increase the bond strength of the 
composite resin to the fiber post [121, 122].

The shape of the post is also important in a min-
imally invasive restorative concept, as cylindrical 
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fiber posts with parallel walls requests a less con-
servative preparation in the apical portion of the 
post-space removing sound dentin [123]. For this 
reason, a conical post with the same coronal taper 
of the last endodontic mechanical file used for the 
preparation of the root canal is the best choice pos-
sible to respect the original canal anatomy and do 
not further remove sound tooth structure important 
for its resistance. Furthermore, there was no statis-
tical difference in the retention between tapered 
and parallel-sided posts when they were cemented 
with the same resin cement [104].

Following the concept that the post should be 
as similar as the residual canal after the endodon-
tic treatment without further removal of tooth 
structure and that it must be the post to be adapted 
to the existing canal anatomy and not the canal to 
be adapted to the post, the golden rule to be fol-
lowed in the choice of the correct tapered fiber 
post size should be that the biggest possible post 
that passively adapt to the root canal at the cor-
rect chosen length, without any friction on the 
walls and without any additional root canal 
enlargement is the correct post for that root canal. 
Usually, if the minimally invasive concepts 
described in this book will be followed, a very 
small post will be needed, but this will not affect 
the biomechanical performance of teeth restored 
with glass fiber posts to a significant degree [79].

It may be difficult to follow these concepts 
when the coronal portion of the canal is oval and 
a single circular preformed post should be 
inserted in a noncircular root canal. More than 
one post may be used in the same canal to fill the 
remaining space, reduce the amount of cement 
and contrast the C-factor during the polymeriza-
tion, and increase the resistance of the tooth- 
restoration complex [124]. When using more 
posts, the amount of sealer is reduced, but a one- 
piece oval post would be even better to also 
increase its mechanical properties. For this rea-
son, a minimally invasive technique to create 
anatomical fiber posts have been introduced 
[125] to reduce the amount of surrounding 
cement, thus reducing air bubble inclusion during 
cementation, distribute it in a regular thickness 
that may increase the retention of the post, while 
having a single piece of fiber-reinforced compos-

ite post that may increase the mechanical propri-
eties of the post and the tooth-post complex [77, 
126, 127].

Once cemented, the fiber post should not be 
exposed to the oral environment for long time 
because humidity can alter the mechanical prop-
erties of fiber posts [128], so it is suggestable to 
always completely cover the post by the build-up 
material.

8.8  Conclusive Remarks

The survival of an endodontically treated tooth is 
dependent primarily on the amount of residual 
tooth structure. For this reason, over the last years 
all the efforts in endodontics and restorative den-
tistry have been directed toward a paradigm shift 
from the traditional rules to a more conservative 
and minimally invasive approach. The “golden 
rule” is now to preserve as much tooth structure 
as possible in all the procedures: from the access 
cavity preparation to the choice of the type of 
coronal restoration. The technical evolution has 
led to important changes in the clinical manage-
ment of endodontically treated teeth, because 
new instruments, materials, and techniques have 
been introduced. In this perspective, the introduc-
tion of heat-treated NiTi alloys and new trends in 
access cavity opening has represented a conser-
vative revolution in endodontics, such as the 
introduction of fiber-reinforcement for post fabri-
cation has guaranteed a safer stress distribution 
and a higher preservation of sound intracanal 
dentin in post-space preparation than with the 
stiffer and wider metallic posts [129].

Despite all the innovations, a deep knowledge 
of occlusion still remains crucial to guide the cli-
nician in a correct management of coronal resto-
ration: direct composite, cusp reduction with an 
indirect restoration (onlay or overlay) and full 
crown are the treating options that the clinician 
can perform always taking into account both the 
amount and quality of the residual coronal tooth 
structure. In most destructive decays, even peri-
odontal health must be considered, because usu-
ally a biological width violation may occur in 
these cases [130]. A particular concern should be 
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reserved for crown-root ratio, and orthodontic 
extrusion and surgical crown lengthening can be 
performed to provide a favorable ferrule effect 
and improve biomechanical behavior of the 
restored tooth [131].

On the basis of these concepts it can be con-
cluded that, before starting an endodontic treat-
ment, the clinician should always keep in mind 
the final result of this procedure that must involve 
its restoration and the need to put the tooth in 
function again.
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9.1  Introduction 
to Autotransplantation 
of Teeth

The classic autotransplantation technique 
involves transplantation of an erupted or even an 
unerupted tooth from one site of the mouth to an 
extraction site or surgically prepared socket in 

the same person [1]. As a successfully trans-
planted tooth can function like a normal tooth, 
autotransplantation has become a viable treat-
ment option to replace either a missing tooth or 
one with a poor prognosis [2].

However, the autotransplantation technique 
includes two additional procedures:

 1. Surgical extrusion: intra-alveolar transplanta-
tion using a simple extraction to extrude teeth 
in a more coronal position [3].

 2. Intentional replantation: a recognized end-
odontic procedure, used to correct a 
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radiographic or clinical endodontic failure, 
whereby a tooth is extracted, treated outside 
the oral cavity, and then reinserted into its 
socket. This procedure is sometimes preferred 
over conventional apical surgery [4].

9.1.1  Clinical Examination 
and Diagnosis

Candidates for autotransplantation are examined 
and diagnosed based on their clinical and radio-
graphic information. At present, the three- 
dimensional (3D) cone beam computed 
tomography (CBCT) radiographic assessment of 
teeth and their surrounding structures is desirable 
for planning an autotransplantation procedure 
[5]. Key information required includes the ana-
tomic shape and root development of the donor 
tooth, bone dimension of the recipient socket, as 
well as the compatibility of the size of donor 
tooth with the size of the recipient site.

While successful autotransplantation can 
yield long-term results, patients should be 
informed that the procedure might have to be 
interrupted in the event of complications both in 
the donor tooth extraction and in the recipient site 
(such as insufficient alveolar bone), as well as 
unforeseen difficulties [6]. It is essential that the 
patient will be self-motivated when faced with a 
complex and somewhat uncertain procedure.

9.1.2  Advantages 
and Disadvantages

The main advantages offered by the technique 
are:

 1. Preservation of the periodontal ligament 
(PDL) and the alveolar bone.

 2. Ability to be performed in a growing child/
adolescents as well as in adult patients.

 3. Preservation of the natural shape of the 
attached gingiva while achieving an esthetic 
and optimal function.

 4. Possibility, if necessary, of performing orth-
odontic treatment to properly position the 
transplanted tooth.

 5. A viable alternative to dental implants, fixed 
bridgework, resin-bonded restorations, and 
removable partial dentures.

The main disadvantages are summarized thus:

 1. Somewhat more aggressive and complicated 
surgery than conventional extraction.

 2. Treatment outcome may be difficult to predict 
in some cases, despite digital planning.

 3. Possible complications such as inflammatory 
root resorption, replacement root resorption, 
or loss of clinical attachment level, which may 
result in loss of the tooth.

9.2  Biological Basis

In recent decades the understanding of the wound 
healing process following transplantation and 
replantation has markedly improved the success 
rate of these procedures [7]. However, autotrans-
plantation is frequently overlooked in patients 
with missing teeth or it is ruled out because of 
possible transplant-related complications. This is 
unfortunate because autotransplantation could 
become a highly relevant treatment option for 
single-tooth replacement, particularly since the 
transplanted tooth can function as a normal tooth 
[8]. An update of the biological basis would pro-
vide a better understanding of the high success 
and tooth survival rates after autotransplantation, 
replantation, and surgical extrusion, which would 
help the clinician to have in mind this procedure 
in specific cases.

9.2.1  Periodontal Ligament (PDL) 
and Bone Healing

Regardless of the procedure to be performed 
(autotransplantation, replantation or surgical 
extrusion), favorable PDL healing is the key to 
success [9]. Ideal PDL healing occurs when the 
extracted tooth is replanted in the original 
extraction socket in a very short extraoral time, 
when most of their cells are still alive. This type 
of healing, described as a reattachment of the 
PDL, consists of connecting the connective tis-
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sue to the root surface [7]. However, PDL cells 
can be mechanically damaged during extraction 
or be affected by changes in pH values, osmotic 
pressure, dehydration, etc. Therefore, an atrau-
matic removal of the donor tooth is critical to 
successful PDL healing. Indeed, during the 
extraction process and extraoral storage, 
extreme care should be taken to protect 
Hertwig’s epithelial root sheath (HERS) and 
maintain pulp vitality [10].

Since events occur quickly, by the third and 
fourth week post-replantation, fibroblasts and 
regularly aligned bundles of collagen fibers pro-
liferate, indicating functional alignment of the 
PDL tissue, which, according to the literature, is 
the ideal healing process [11]. At 8 weeks, a near 
normal PDL and alignment of collagen fiber bun-
dles are observed, meaning that if necessary, a 
definitive direct or indirect restoration could be 
performed, particularly in donor teeth with closed 
apex [12]. Although there is a logical variability 
in this time frame, the process appears to take 
more than 1 month. As the PDL is normally sepa-
rated in the middle of the root, the reattachment 
of the PDL located in the gingival area occurs 
sooner and takes only 1–3  weeks. The PDL is 
severed at the center of the root during donor 
tooth extraction, leaving a layer of PDL contain-
ing cells (e.g., cementoblasts, fibroblasts, peri-
cytes, epithelial cells of Malassez) on the root 
surface, which are essential to prevent root 
resorption. It is desirable to extract a tooth con-
taining as much PDL as possible, even though the 
cementoblast layer by itself seems to be suffi-
cient in preventing root resorption [13].

The most frequently performed autotransplant 
is done immediately after the extraction of the 
tooth in question. However, we sometimes 
encounter scenarios in which the patient presents 
with congenitally missing teeth or early tooth 
loss, implying that the recipient site destined for 
autotransplantation needs to be created surgically 
[14]. The main difference with respect to replan-
tation and transplantation to existing sockets is 
the absence of PDL fibers on the walls of the sur-
gically prepared sockets [15]. During the first 
weeks, the blood clot is gradually replaced by 
granulation tissue that supplies nutrients and sets 
the stage for connective tissue reattachment [16]. 

Over the next 2–6  months, mature bone and 
tooth-bone reattachment progressively replaces 
the granulation tissue and the immature bone 
[11].

One downside of autotransplantation in sur-
gically prepared sockets is that it produces a 
slower revascularization and insufficient nutri-
tion to the apical tissues. Thus, the vitality 
of HERS is affected by this delayed 
revascularization and inadequate nutrition [17, 
18]. Postoperative root development dependent 
upon the preserved activity of HERS reduces 
root development after transplantation to surgi-
cally created sockets [19, 20]. The trauma trig-
gered by preparation of a new socket induces 
delayed revascularization and increases the risk 
of thermal bone damage [15].

Clinically, however, satisfactory healing 
appears to take place in autotransplantation to 
surgically prepared alveolar sockets. In most 
cases no root resorption is observed, the PDL 
space is maintained, and physiological tooth 
mobility is achieved [14]. There may be situa-
tions where we encounter cases with marked buc-
colingual alveolar bone atrophy, where promising 
and optimal functional outcomes can be also 
achieved with guided bone regeneration [21]. 
Modified surgical techniques to ensure mini-
mally traumatic removal of donor teeth help to 
increase the success rate of mature molar auto-
transplantation, especially embedded or impacted 
third molars. In this context, piezosurgery is ben-
eficial in socket preparation and atraumatic 
extraction of third molars [22]. Nevertheless, the 
clinician must bear in mind that the PDL attached 
to the bony walls of recipient sockets plays an 
important healing role.

Replantation studies have demonstrated that 
PDL deficits on the root surface are repaired by 
new attachment, defined as joining connective 
tissue to a root surface derived from its PDL. The 
new attachment mechanism results from the for-
mation of connective tissue between the exposed 
root surface and its surrounding tissue (bone or 
gingival connective tissue) by proliferating the 
PDL cells around the exposed root surface with 
the addition of cementum and Sharpey’s fiber. 
Bone graft materials are unnecessary between 
bone walls and transplant roots even if the space 
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is wide [23]; this is a significant advantage over 
the use of implants. Garcia and Saffar trans-
planted 20 roots into surgically prepared bone 
cavities in the edentulous areas of 5 dogs [24]. 
The PDL of the roots implanted in the lower and 
upper right cavities remained intact, while the 
grafted roots in the left cavities were planed and 
dried. The authors of this study found that the 
preservation of the PDL cells benefited bone 
growth around the transplanted root. PDL cells 
are a heterogeneous cell population that can be 
genetically divided into three types of cells: 
fibroblasts, cementoblasts, and osteoblasts [25]. 
PDL cells induce bone regeneration in the sur-
roundings after transplantation thanks to their 
high proliferative capacity, multilineage differen-
tiation potential, capability to form PDL-like tis-
sue, and high level of alkaline phosphatase 
activity [26, 27].

When donor teeth are placed into recipient 
sites with an insufficiently wide buccolingual 
space, a protrusion of the roots through bone 
dehiscence and a subsequent resorption of the 
alveolar ridge may be observed [28]. For this rea-
son, the clinician must be able to anticipate this 
situation through adequate 3D planning. In such 
a scenario, as recommended by Imazato and 
Fukunishi [29], autogenous materials can be 
grafted over the exposed root to make way for 
bone regeneration. If this regeneration procedure 
is performed adequately, the outcome should be 
almost similar to that of a conventional autotrans-
plant technique without guided bone regenera-
tion [14]. Briefly, the narrower the recipient site 
is, the higher the number of failures [30].

If the area of root damage of the transplanted 
tooth is small, progenitor cells usually cover the 
area and new PDL is formed, as described by 
Tsukiboshi et  al. [7], which is termed surface 
resorption or cemental healing. This transient 
process gives way to resorption cavities that are 
shallow and will heal by placement of new 
cementum and PDL fibers. However, in larger 
areas of damage, replacement resorption occurs. 
The damaged root surface is resorbed, leading to 
bone deposition and finally ankylosis. This situa-

tion is believed to be irreversible and progressive 
until tooth loss. The speed of the root replace-
ment depends on the patient’s age, meaning the 
younger the patient, the more rapid the process.

Hence, it is crucial to maintain PDL cellular 
viability of the donor tooth outside the mouth to 
ensure a long-term retention. An appropriate stor-
age medium will preserve or improve cell viabil-
ity during the extra-alveolar period, avoiding 
their desiccation [31]. The key factors for suit-
able cell growth and survival are physiologic 
osmolality, pH, and temperature [32]. Cellular 
reactions are dependent upon the pH of the envi-
ronment since alterations may affect biological 
processes. The optimal pH and osmolality for 
cell growth should be in the region of 6.6–7.8 and 
230–400 mosmol/kg, respectively [33]. In 1981, 
Andreasen [10] studied the effect of extra- 
alveolar time and storage media on periodontal 
and pulpal healing following replantation in 
green vervet monkeys (Cercopithecus aethiops). 
The results showed a significant relationship 
between the frequency of root resorption, extra- 
alveolar time, and storage medium, which was 
especially evident after dry storage. A sharp 
decrease in PDL survival was clearly observed 
after 30 min of dry storage. In sum, Andreasen 
demonstrated that prolonged non-physiologic 
storage time of the teeth was more important to 
prognosis than the entire extra-alveolar time.

Various storage media such as Hank’s bal-
anced salt solution (HBSS), tap water, coconut 
water, milk, egg white, pooled saliva, propolis, 
and Gatorade have been studied for their ability 
to preserve cell viability [34]. Osmanovic et al. 
[34] observed that media showing poorly con-
served PDL cells after 2 h were tap water (53.4%), 
saliva (28.6%), and Gatorade (5.4%). HBSS is a 
storage medium that, thanks to its ability to pro-
vide long-term PDL, is considered the gold stan-
dard in cases of avulsion, but it is routinely 
unavailable in dental offices. Accordingly, the 
most practical choice of medium in autotrans-
plant cases would be physiologic saline or milk 
because these products have also shown excellent 
PDL cell survival [7].
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9.2.2  Pulp Regeneration and Root 
Development

Tooth transplantation, replantation, and surgical 
extrusion interrupt vascular supply to 
HERS. Experimental investigations have shown 
that after transplantation of immature teeth only a 
small apical part of the pulp tissue turns necrotic 
[35]. Skoglund et al. [36] studied revasculariza-
tion of pulp of replanted and autotransplanted 
teeth with open apex in dogs. The transplant 
revascularization commenced on the fourth post-
operative day with an ingrowth of new vessels, 
which were visible in the whole pulp at approxi-
mately 1 month. Therefore, pulp regeneration can 
be expected in replantation and transplantation of 
immature teeth. Andreasen et al. [37] have pro-
posed that the diameter of the apical foramen 
should be greater than 1  mm for an autotrans-
planted tooth for revascularization. Pulp canal 
obliteration, a defense response of revascularized 
pulp, is frequently observed after tooth transplan-
tation procedures, dental trauma injury, and orth-
odontic movement [38]. Abd-Elmeguid et al. [39] 
found that pulp canal obliteration was the most 
common outcome of pulpal healing, with 96% of 
healed pulps. Their study detected the first oblit-
erations at 3–14  months with a mean time of 
9.5 months. In such an event, the clinician must 
carry out a clinical and radiographic follow-up to 
check for apical periodontitis. Partial pulp canal 
obliteration, therefore, is a sign that the pulp is 
still vital during healing.

However, since revascularization and pulpal 
healing are far less probable in teeth with closed 
apex, endodontic treatment is considered a rou-
tine procedure to avoid pulp necrosis with subse-
quent periapical inflammation and inflammatory 
root resorption [40–42]. Endodontic treatment 
can be applied either preoperatively, extraorally 
during autotransplantation surgery, or within 
2  weeks post-surgery [43]. However, some 
authors, including Andreasen et al. [37], Marques- 
Ferreira et al. [44], and Gaviño et al. [45], have 
suggested that revascularization can be achieved 
when the root is shorter than 8.07  mm and the 
diameter of the apical foramen is larger than 

1 mm. These results are controversial, since stud-
ies by Iohara et al. [46], Laureys et al. [47], and 
Fang et al. [48] achieved a revascularization and 
regeneration in foramina of less than 1  mm. 
Prospective controlled clinical studies on extra-
oral apicoectomy are required to validate these 
findings, and this clinical procedure is yet to be 
recommended.

Autotransplantation performed with donor 
teeth of an ideal root developmental stage and 
using a procedure that avoids damaging the PDL 
and HERS enables continuing root growth [49]. 
Nonetheless, the extent of root elongation does 
not always occur and is difficult to predict [37]. 
The most common classifications of root stage 
development, according to the literature, are 
those described by Moorrees et  al. [50] and 
Demirjian et al. [51]. Moorrees et al. [50] catego-
rized development in stages 1 (beginning of root 
formation), stage 2 (one-fourth root formation), 
stage 3 (half root formation), stage 4 (three- 
fourths root formation), stage 5 (complete root 
formation with wide-open apex), stage 6 (com-
plete root formation with half closed apex), and 
stage 7 (complete root formation with a substan-
tially closed apex). Since no additional root 
development is possible, some clinicians have 
recommended that donor teeth should be trans-
planted between stage 3 and 5.

Van Westerveld et al. [52] evaluated the pre-
operative root development stage and the radio-
graphic width of the apex as root-elongation 
predictors post autotransplantation. From a total 
of 58 transplanted premolars, 53 (91.4%) pre-
sented root elongation and the remaining 5 
(8.6%) had no root elongation after autotrans-
plantation. The mean length of root elongation at 
the end of follow-up measured 1.9  mm (range, 
0.0–4.3  mm; SD, 1.2  mm). A wider open apex 
(≥2  mm) was statistically associated with root 
elongation post autotransplantation. These find-
ings suggest that an ideal tooth autotransplanta-
tion should be performed when the root length of 
the donor tooth is approximately 50–75% of the 
total estimated, leaving the apical foramen with 
the potential for pulp regeneration (apex opening 
at least >1 mm radiographically).
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9.3  Mechanisms of Root 
Resorption

During any of these three surgical procedures 
(autotransplantation, replantation, and surgical 
extrusion), the clinician may find three resorption 
situations: replacement resorption, inflammatory 
resorption, and surface resorption or cemental 
healing. Depending on whether pulp infection is 
present and on the state of the PDL, one of these 
three may occur, although sometimes combined 
resorption may occur. The main characteristics of 
each of them are explained below.

9.3.1  Replacement Resorption or 
Ankylosis (Fig. 9.1)

If the transplanted or replanted tooth has been 
exposed to air or stored in an inadequate medium 
for long periods or has been traumatically 
extracted, the PDL will become necrotic, thus 
making healing with a normal PDL impossible 
[53]. In such condition, the necrotic PDL will 
promote bone ingrowth, gradually substituting 

the tooth by bone [54]. The remodeling of the 
bone tissue is continuous as part of homeostasis 
[7]. When there is contact between the roots with 
necrotic or lost PDL and bone and its osteoclasts, 
cementum and dentin contribute to the bone 
remodeling process and root resorption and bone 
apposition occurs simultaneously on the root sur-
face. This type of resorption is termed ankylosis, 
or replacement resorption. Ankylosis is nearly 
always progressive and will likely, over time, 
replace the tooth with bone, which may eventu-
ally result in tooth loss [55]. However, there is a 
very low risk of ankylosis occurring during any 
of these three surgical procedures because the cli-
nician will have exhaustively planned the treat-
ment in advance.

The rate of root resorption may progress 
depending on the rate of the patient’s skeletal 
growth. Andersson et  al. [55] found that root 
resorption progressed faster in younger 
(8–16 years) than in older patients (17–39 years). 
The mean resorption time for a replanted tooth 
ranges between 3 and 7  years in younger indi-
viduals, although in older patients such teeth may 
function for decades or for life.

The clinician detects the first sign of an anky-
losed tooth through a metallic percussion, fol-
lowed by reduced mobility, replacement 
resorption, and a gradual infra-position in grow-
ing individuals [56]. Infra-positioning is a condi-
tion that results from the local arrest of the 
surrounding alveolar bone growth simultane-
ously with the individual’s continuous skeletal 
growth. This condition advances irreversibly and 
there is currently no means of arresting it. 
Consequently, infra-positioning leads to an unes-
thetic dento-gingival effect and aggravates future 
prosthetic rehabilitation.

However, in some instances a phenomenon 
known as partial ankylosis may occur. This is dif-
ficult to detect as some of these affected teeth 
present some mobility and respond normally to 
percussion test. For this reason, long-term radio-
graphic evaluation is the only way to determine 
whether a partial ankylosis will evolve into a total 
replacement resorption or will heal by a new 
attachment.

Fig. 9.1 Replacement resorption or ankylosis. Root den-
tin is replaced by bone, which results in a fusion of bone 
to tooth (ankylosis). This phenomenon occurs when there 
is an extensive loss of vital PDL
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9.3.2  External Inflammatory 
Resorption (Fig. 9.2)

In order for an inflammatory resorption to occur 
in a replanted or transplanted tooth, two condi-
tions are required [57]:

 1. The root canal system is, or has been, infected 
by bacteria.

 2. There has been mechanical damage to the 
cementum during the extraction or the extra-
oral manipulation, resulting in a loss of 
cementum, such that the dentinal tubules are 
exposed to the surrounding PDL and bone.

An inflammatory reaction in the host tissue 
takes place when bacteria and their by-products 
migrate through the tubules to the root surface 
[7]. This resorption is characterized by the radio-
graphic appearance of loss of tooth substance 
(1–2 months after transplantation or replantation) 
as well as a radiolucency affecting the adjacent 
PDL and bone [11]. This is due to the presence of 
granulation tissue that contains capillary vessels 

in the resorption fossa, converting the area in 
radiolucency. Teeth with an inflammatory resorp-
tion will not respond to pulp sensibility testing 
and may be associated with other symptoms or 
clinical signs, according to general state of the 
tooth and surrounding tissues [19]. Most cases 
show no symptoms or signs, except when the 
infected root canal system is causing acute apical 
periodontitis or when an abscess develops. 
External inflammatory resorption may occur any-
where along the length of the root; characteristi-
cally it is observed laterally and apically 
post-trauma or autotransplantation surgery.

When faced with an established resorptive 
process, the clinician can interrupt this resorption 
and encourage hard tissue repair through root 
canal treatment. A corticosteroid-antibiotic intra-
canal medicament is recommended to prevent 
and manage external inflammatory resorption 
[57]. Calcium hydroxide is not recommended as 
an immediate medicament owing to its irritant 
properties, but it is useful as a subsequent medi-
cament to promote hard tissue repair where 
required [7]. After root canal treatment, in  normal 
conditions, the clinician will observe a healing by 
new attachment due to the fact that the granula-
tion tissue will be replaced with PDL tissue. 
Therefore, the clinician should always monitor 
the pulp state, especially that of donor teeth with 
open apex. As mentioned above, autotransplanted 
immature teeth are able to revascularize, allow-
ing tooth root development. However, upon 
detection of an inflammatory resorption, root 
canal treatment should be commenced at the ear-
liest opportunity since it will provide a new 
attachment.

9.3.3  External Surface Resorption 
(Fig. 9.3)

External surface resorption is a type of healing 
response to limited partial damage of the PDL. In 
this type of resorption, macrophages and osteo-
clasts reabsorb the cementum adjacent to the 
damaged PDL, causing a saucer-shaped cavity on 
the root surface [58]. When the closest cemento-
blast layer is integral and the underlying dentinal 

Fig. 9.2 External inflammatory resorption. The resorp-
tion of tooth structure is the result of adjacent inflamma-
tory tissue, induced by infected pulp tissue. Resorption 
cavities can be observed in both the root and the adjacent 
bone, which are filled with granulation tissue. This is a 
reversible phenomenon, as if the infected pulp is removed, 
resorption will cease
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tubules are uncovered, the cementoblasts will 
restore the damaged root surface and new cemen-
tum together with new Sharpey’s fibers will 
repair the resorptive cavity. The surface resorp-
tion is self-limiting and repair-related, making it 
a non-progressive process. After the repair pro-
cess, the clinician will observe a normal PDL 
width that follows the contours of the root defect. 
In both cases of minor trauma (concussion and 
subluxation) and replanted and transplanted 
teeth, surface root resorption is viewed as a favor-
able healing outcome [24].

9.4  Clinical Indications 
and Procedures

9.4.1  Classification

Knowing that surgical extrusion and intentional 
replantation follow an identical healing process 
to that of autotransplantation, these procedures 
fall within the same category. Autotransplantation 
can be classified into these three groups: (1) sur-
gical extrusion, (2) intentional replantation, and 
(3) conventional autotransplantation. The main 
indications and step-by-step procedures are dis-
cussed below.

9.4.2  Surgical Extrusion: Indications 
and Technique

When restoring severely damaged teeth, an ade-
quate biologic width and distance between the 
crown margin and alveolar crest should be 
ensured [59, 60]. In the case of insufficient tooth 
structure, the clinician may consider three 
options: surgical crown lengthening, orthodontic 
extrusion, or surgical extrusion [61]. Surgical 
extrusion, also referred to as intra-alveolar trans-
plantation, entails the displacement of the 
remaining root to a more coronal position with a 
view to restorability based upon a sufficient fer-
rule [62]. The choice of one technique over 
another depends upon several patient-related fac-
tors: esthetics, clinical crown-to-root ratio, root 
proximity, root morphology, furcation location, 
individual tooth position, and strategic tooth 
position [63, 64].

The conditions of certain clinical situations 
are not conducive to surgical and restorative pro-
cedures. Extensive osseous surgery may produce 
increased pocket depth and mobility, furcation 
involvement, poor crown-to-root ratio, and loss 
of supporting periodontal tissues of the neighbor-
ing teeth or implants [65]. In the case of surgical 
crown lengthening in the anterior region, the loss 
of papillae, uneven gingival margins, and poor 
crown-to-root ratios might compromise the situa-
tion from the esthetic and functional point of 
view [66].

An alternative treatment approach would be 
an orthodontic forced extrusion [63]. This treat-
ment is considered less invasive because it 
actually improves rather than compromises aes-
thetics, without interfering with the periodontal 
support of neighboring teeth [61]. Yet, these 
procedures have limitations, including patient 
acceptance, treatment duration, availability of 
appropriate orthodontic anchorage, and risk of 
relapse [66].

An alternative treatment is found in surgical 
extrusion, defined as a procedure in which the 
remaining tooth structure is repositioned more 
supra-gingivally in the same socket [67]. Tegsjö 
et al. [68] first developed the intra-alveolar trans-
plantation or surgical extrusion of teeth fractured 

Fig. 9.3 External surface resorption. Surface resorption 
is the result of minor and partial damage to the PDL and is 
transient when repaired
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by trauma in youngsters. This procedure, based 
on the biological behavior of dental replantation 
following avulsion, allows the clinician a direct 
observation of the root, thereby favoring the 
treatment planning. Khanberg [62] advocates 
bypassing both the osteotomy and bone graft in 
the root apical area and instead performing just 
a careful and gentle root luxation until the 
desired extrusion of the tooth is achieved. It is 
important to note that, apical root resorption and 
marginal bone loss occasionally occur; these 
phenomena are believed to be the result of sur-
gical trauma [69].

This treatment is perfectly viable when the 
affected teeth have complete root formation and 
the remaining root in the socket is long enough to 
support a new restoration, such as a core-retained 

crown [70] (Fig. 9.4). It is widely agreed that the 
key to a successful surgical extrusion mainly 
hinges on an atraumatic extraction with minimal 
damage to the cementoblast layer on the root sur-
face [71].

Traditional extraction techniques involve the 
use of elevators and periotomes, which unavoid-
ably traumatize the alveolar bone and the root 
surface to some extent [72]. It is for this reason 
that techniques involving only forceps or spe-
cially designed extrusion instruments for vertical 
tooth extraction are recommended [71]. 
Minimally invasive vertical tooth extraction was 
introduced mainly to enable extraction of severely 
damaged teeth, without the need for flap-raising, 
thus reducing the degree of alveolar bone resorp-
tion [72–74].
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Fig. 9.4 Surgical extrusion after dental trauma. (a) 
Preoperative clinical examination of fractured maxillary 
left central and lateral incisors. (b) Image of preoperative 
periapical radiograph showing intact PDL space with no 
evidence of root fracture. (c) Oblique complicated crown- 
root fracture in tooth 21 revealing subgingival fracture 
margin, and middle-third fracture of crown in tooth 22. 
(d) Emergency endodontic treatment in tooth 21. (e) 
Surgical extrusion procedure using forceps. (f) Tooth 21 

fixed with a suture and a fiber-reinforced composite 
bonded to tooth 11. (g) Radiographic detail of surgical 
extrusion and teeth restored with fiber post and composite 
build-up. (h) Teeth before final impression. (i) 
Radiographic examination at 7 years post-surgery show-
ing no evidence of root resorption, crestal bone resorp-
tion, or endodontic problems. (j) Clinical aspect of crowns 
at 7 years post-surgical extrusion. (Courtesy of Dr. Ramón 
Gómez-Meda)
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9.4.2.1  Diagnosis and Treatment 
Planning

• It is essential to take the patient’s medical his-
tory and ascertain whether they have any con-
traindications. Abnormal metabolic conditions 
or immunosuppressive risk factors can delay 
healing and reduce the prognosis of the tech-
nique. It is also important to have in mind the 
patient’s age, as the procedure in older patients 
is more challenging due to their higher alveo-
lar bone density.

• The ideal candidate teeth for this technique 
are monoradicular, particularly the conical 
shaped ones. The standard procedure for mul-
tirooted teeth is not recommended, especially 
in teeth with short root trunks, since they tend 
to develop periodontal furcation defects. The 
root minimum length needed for proper func-
tion should leave a minimum coronoradicular 
ratio of 1:1.

• In posterior teeth it is essential to take a bite-
wing radiograph to correctly measure the dis-
tance from the healthy margin of the tooth to 
the alveolar ridge.

• With this information, the clinician can plan 
the type of final restoration. The root length to 
extrude will vary in accordance with the tooth 
preparation selected. It should be taken into 
account that a preparation for an adhesive par-
tial restoration preserves a larger amount of 
healthy tissue than one for a metal-free 
full-crown.

9.4.2.2  Surgical Procedure
• Whenever possible it is recommended to ini-

tially restore the tooth with a post or compos-
ite build-up to minimize the risk of fracture 
during surgical extrusion or uprighting. If this 
procedure is performed in conditions of abso-
lute isolation, endodontic treatment or nonsur-
gical retreatment is also advised. If this is not 
possible, the root canal treatment should be 
immediately planned after replantation.

• After local anesthesia, a small scalpel blade or 
a micro-periosteal elevator can be used to 
carefully separate the gingival fibrous attach-
ment, taking extreme care not to induce 

mechanical damage on the root surface. 
Subsequently, the clinician can luxate the 
tooth with the aid of forceps. However, in 
extremely difficult cases, such as teeth with 
very long roots and a completely missing cor-
onal tooth structure, a vertical extraction 
device can be used [75]. It should be noted 
that in most cases there is no need to raise a 
flap when performing surgical extrusion.

• It is crucial to work under magnification to 
rule out cracks or fractures on the root surface. 
Depending on the site of the marginal defect, 
the tooth may even be rotated by 180° before 
replantation, facilitating the restoration and 
reducing the amount of extrusion needed.

• With the tooth placed in the optimum coronal 
position, the clinician can splint the tooth for 
2 weeks using one of several flexible splinting 
methods, such as suture, stainless-steel wire 
and acid etch-composite resin or resin acti-
vated glass-ionomer cement [76].

• Surgical dressing can be used for 3–5 days 
to improve soft tissue healing and prevent 
contamination. The mismatch between the 
socket and the extruded root means that the 
splinting period may require up to 6 weeks 
in cases of high mobility of the extruded 
root [74]. Regardless of the type of restora-
tion, the clinician must leave the tooth mar-
gin at least 3  mm from the bone crest 
(Figs. 9.5 and 9.6).

• If endodontic treatment has not been per-
formed previously, it should be commenced 
within the first 2 weeks to avoid inflammatory 
root resorption [77]. If needed, an antibiotic- 
corticosteroid paste as an intracanal dressing 
may be recommended instead of calcium 
hydroxide, which may have a possible nega-
tive impact on periodontal healing [78].

• Extraoral root canal treatment is usually not 
recommended, since extra-alveolar conditions 
are not conducive to PDL survival. The longer 
the extra oral time, the greater the risk of root 
resorption [10]. However, it is advantageous if 
the clinician can perform this procedure with a 
maximum extraoral time of 12 min, because 
the most complex part at the endodontic level 
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Fig. 9.5 Surgical extrusion to save a mandibular premo-
lar. (a) Clinical examination showing extensive secondary 
decay in the mandibular right first molar and partial 
destruction of crown structure in the mandibular right sec-
ond premolar. (b) No signs of apical lesions were observed 
in either tooth. (c) Image after removal of decay and com-
posite from both teeth. (d) Endodontic treatment of tooth 
45 and nonsurgical retreatment of tooth 46. (e) Deep mar-
gin elevation or coronal margin relocation in tooth 46. (f) 
Step-by-step adhesive preparation of the workpiece. (g) 

Occlusal view of restored molar 1 week after luting. (h) 
Atraumatic surgical extrusion locating the tooth margin at 
least 3 mm from the bone crest. (i) Splinting the tooth with 
a stainless-steel wire and acid etch-composite resin. (j) 
Periapical radiograph showing space gained. (k) Tooth 
restored with fiber post and composite build-up. (l) 
Radiographic aspect at 4  weeks post-surgery. (m) 
Monolithic zirconia crown. (n) Placement of the zirconia 
crown on the surgically extruded tooth. Follow-up at 
36 months: (o) periapical radiograph; (p) clinical aspect
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(apical area) is removed at once. Obviously, a 
key factor such as root length can limit its use. 
For example, this technique cannot always be 
applied in surgical extrusion, since the root 
reduction would be excessive and would com-
promise the coronoradicular ratio.

• Restorative treatment, whether direct or indi-
rect, is usually carried out from 6 to 8 weeks 
post-surgical extrusion. Although systemic 
antibiotics have been prescribed for surgical 
extrusion, there is insufficient evidence to sup-
port or reject their indication [79].
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Fig. 9.6 Management of a severely damaged maxillary 
premolar. (a) Deep decay affecting the maxillary left sec-
ond premolar. (b) Periapical radiograph showing a previ-
ous endodontic treatment and an extensive subgingival 
decay compromising the biologic width. (c) Initial view of 
the tooth under rubber dam isolation before the nonsurgi-
cal retreatment. (d–f) A fiber post was placed to maintain 
material for a coronal restoration through radicular 
anchoring. (g) Radiographic aspect just after the nonsur-
gical retreatment and the composite build-up. (h) Surgical 
extrusion procedure. (i–k) Semi-rigid splint of the tooth 

by a wire-fixed composite. (l, m) Clinical aspect at 
4  weeks post-surgery. (n) Tooth 26 isolation before the 
nonsurgical retreatment. (o) A limited volume cone beam 
computed tomography (CBCT) scan taken of the maxil-
lary left quadrant to manage the tooth 26. (p) Location of 
the secondary mesiobuccal canal (MB2). (q) Nonsurgical 
retreatment completed. (r) Orthophosphoric acid etching. 
(s) Details of the preparation of both teeth. (t) Radiographic 
control at 8 weeks. (u, v) At 24 months, clinical and radio-
graphic examination showed a healthy gingival condition 
associated with a normal periodontal contour
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9.4.3  Intentional Replantation: 
Indications and Technique

Intentional replantation is a useful endodontic 
procedure for correcting an evident endodontic 
failure in which a tooth is intentionally extracted, 
manipulated extraorally, and then replanted in its 
original site [4, 80] (Fig. 9.7). It differs from sur-
gical extrusion in that this procedure entails posi-
tioning the tooth at the same bone level without 
having to position it more coronally than when it 
was surgically extruded. However, in some cases 
the clinician can combine the two techniques and 
thus improve both the restorability and the peri-
apical condition of the tooth that needs to be 
treated.

Intentional tooth replantation, described as a 
treatment option for different selected and chal-
lenging situations, is all the rage among clini-
cians, yet this procedure is nothing new. 
According to Dryden and Arens [81], Pierre 
Fauchard first described its use in the eighteenth 
century. Over time, thanks to greater in-depth 
knowledge of wound healing processes, the indi-
cations for this procedure have evolved and 

increased. Intentional tooth replantation can be 
applied in a broad range of situations [4, 82, 83], 
including root canal treatment failure, anatomic 
limitation, accessibility problems, persistent 
chronic pain, external root resorption, vertical 
root fracture, accidental exarticulation, involun-
tary rapid orthodontic extrusion, patients with 
objections to apical microsurgery or trismus, and 
cases in which patients meet the expense of lon-
ger and/or costly expensive treatments. Given the 
almost 90% success rates shown in recent studies 
[84, 85], intentional replantation with more mod-
ern techniques are considered an accepted treat-
ment modality [86].

Single-rooted and conical teeth are more 
favorable for extraction without producing major 
damage to the root surface while reducing the 
risk of fracture. Furthermore, it is important to 
take into account that extraoral time should be 
kept as short as possible [83]. The literature on 
avulsed teeth has contributed to our understand-
ing of the implication of extraoral time, particu-
larly dry time [87]. An extraoral time lasting 
more than 30  min increases the likelihood of 
replacement resorption [88].
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Fig. 9.7 Intentional replantation of a mandibular first 
molar. (a) Large amount of extruded material associated 
with a radiolucent lesion in the mesial root. (b) The coro-
nal two-thirds of the root surface gently covered with 
gauze soaked with copious saline. Detail of the retrograde 
preparation. (c) Placement of a dual-cured resin-modified 
glass ionomer (Geristore; DenMat, Santa Maria, CA) as a 
retrograde filling. (d) Removal of the periapical granula-

tion tissue and the extruded material while taking care to 
avoid damaging the socket wall. (e) Final polishing before 
tooth placement in the recipient site. (f) Digital pressure to 
place the tooth in its original position. (g) Immediate 
radiographic control after intentional replantation. (h) 
Periapical radiograph at 24  months post-replantation. 
(Courtesy of Dr. Miguel Roig and Dr. Fernando 
Durán-Sindreu)
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Recent advances in apical microsurgery have 
provided the clinician with solutions to some of 
the shortcomings for orthograde retreatment 
[89]. However, there are even cases that cannot 
be treated adequately with apical microsurgery, 
either due to anatomical factors (i.e., proximity to 
the mental nerve or maxillary sinus, buccal plate 
thickness or inoperable sites such as lingual sur-
faces of mandibular molars) or due to financial 
factors, which preclude conventional implant 
placement [90]. When both nonsurgical and sur-
gical retreatments have a low prognosis or cannot 
be feasible, intentional replantation provides a 
solution resulting in fewer complications [82, 
91]. In the event of a failed intentional replanta-
tion, we will have delayed time in placing an 
implant, as opposed to whether the implant was 
placed from the outset [85].

The principal advantage of intentional replan-
tation is that tooth surfaces, including inaccessi-

ble areas, can be directly examined and repaired 
under magnification, reducing potential damage 
in the PDL (Fig.  9.8). This technique is poten-
tially more cost-effective and less time consum-
ing than the alternatives [90]. Originally, 
clinicians were recommended to carefully select 
each case and to inform the patient of a low prob-
ability of success. More recent studies have 
reported intentional replantation in previously 
insurmountable situations, such as teeth with ver-
tical root fractures [92, 93], periodontally hope-
less teeth [94, 95], or invasive cervical resorptions 
in which the clinician cannot access and seal the 
lesion conventionally [96].

Clearly, there are some contraindications that 
clinicians should know as: a more favorable 
prognosis with either conventional endodontic 
surgery or implant placement, an uncontrolled 
periodontal disease, a non-restorable tooth, an 
extraction requiring hemi-section or osseous 
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Fig. 9.8 Management of an endodontic failure. (a) 
Periapical radiolucency is visible in the area of the man-
dibular left first molar of a 34-year-old male. Fragments of 
broken instruments are observed in the apical part of both 
roots. Patient ruled out an apical microsurgery. (b, c) 
Extraction of the tooth using forceps. (d) The extracted 
tooth. Note that the tooth had an intact PDL covering the 
root. (e) Three millimeters of root resection were per-

formed extraorally. Detail of one of the broken fragments 
under magnification. (f, g) Retrofilling with Biodentine 
(Septodont, Saint-Maur-des-fossés, France). (h) 
Postoperative periapical radiograph. (i) Fixation of the 
replanted tooth using sutures. (j) Three months after 
replantation. (k) Four years after replantation. Note an 
external surface resorption, a type of healing response to 
limited partial damage of the PDL
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recontouring, a tooth that is part of a multiple- 
tooth prosthesis or when roots are divergent 
[97]. In the cases involving individual teeth with 
divergent roots, one clinician should perform a 
small osteotomy in the alveolar socket with the 
help of a 3D-printed tooth, while a second clini-
cian performs the extra-alveolar apical surgery. 
This protocol significantly reduces extra oral 
time while avoiding the excessive friction over 
the tooth surface.

9.4.3.1  Diagnosis and Treatment 
Planning

• On the first visit, the patient must be informed 
of the different treatment options available 
and each one of their benefits and risks 
explained. Once the patient has understood 
what intentional replantation consists of, they 
must sign an informed consent. Needless to 
say, the patient’s medical and dental history 
must be taken and any contraindications 
ascertained.

• Clinical and radiographic examination. 
Different tests should be performed such as 
periodontal probing, mobility, percussion, bite 
tests, acquisition of periapical radiographs, 
and limited CBCT images, if indicated. These 
tests will allow the clinician to assess both the 
endodontic status of the tooth (i.e., anatomical 
difficulty of the root canal system, presence of 
a separated instrument or a perforation, size 
and length of a post) and its anatomic relation-
ship with neighboring structures, such as the 
mental nerve, inferior alveolar nerve, and 
maxillary sinus. It is also important to have in 
mind the patient’s age, as the procedure in 
older patients is more challenging due to their 
higher alveolar bone density.

• Contraindications for intentional replantation 
include teeth that are candidates for apical 
microsurgery and teeth diagnosed with a verti-
cal root fracture. In contrast, among the 
 indications are teeth that could not be properly 
treated with apical microsurgery due to ana-
tomic limitations and thick buccal bone and 
teeth with low accessibility to manage a radic-
ular groove, endodontic perforation, or inva-
sive cervical resorption.

• A small field of view CBCT scan allows the 
clinician not only a 3D assessment of the area 
of interest, but also the possibility of segment-
ing the tooth to be treated and manufacturing 
a 3D-printed tooth replica. This step substan-
tially reduces extraoral time, particularly in 
multirooted teeth where replantation into the 
socket is challenging.

• A preoperative orthodontic movement for 
2–3  weeks to mobilize the tooth is recom-
mended in the intentional replantation of teeth 
with a complicated root structure and high risk 
of fracture during extraction [91].

9.4.3.2  Surgical Procedure
• One hour before the procedure, the patient 

should rinse with chlorhexidine gluconate 
0.12% and take 600 mg of ibuprofen. A sys-
tematic antibiotic prophylaxis (i.e., amoxicil-
lin/clavulanic acid) can lower the failure rate 
after intentional replantation [42]. The pres-
ence of two clinicians throughout the proce-
dure can expedite management and reduce 
chair time.

• After local anesthesia, the clinician should 
extract the tooth as carefully as possible to 
avoid damaging the root surface, as described 
for the surgical extrusion. A #15 blade or simi-
lar can be inserted in parallel to the PDL space 
and gently tapped with a mallet. Then, using 
forceps, the clinician luxates the tooth slowly 
but steadily in the buccolingual direction until 
it is vertically displaced. Placement of a rub-
ber band around the handles of the forceps 
may be useful in securing this step. An eleva-
tor must not be used during extraction to avoid 
any unnecessary damage to the root surface 
and alveolar bone crest. In some situations, a 
mucoperiosteal flap is an option to access the 
tooth apical to the crown margin, avoiding 
damage to the crown. Finally, the patient is 
instructed to bite on wet sterilized gauze while 
the tooth is being managed extraorally to 
maintain the recipient site contamination free.

• Once the tooth is extracted, it is submitted to 
treatment procedures in accordance with cur-
rent standards of apical microsurgery [98]. 
Any granulation tissue attached to the root is 
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carefully removed and the tooth is placed 
under an operating microscope to examine for 
abnormalities such as fractures, cracks, and 
accessory canals. The coronal two-thirds of 
the root surface should be gently covered with 
gauze soaked with copious saline or HBSS.

• While one clinician is performing the extra-
oral apical microsurgery, a second clinician 
removes the periapical granulation tissue tak-
ing care to avoid damaging the socket wall. If 
there is 3D printed tooth replica available, it 
can be used to modify the socket until the fit of 
the replica fits smoothly and snugly in the 
recipient socket.

• Then the socket is rinsed with sterile saline 
solution and the tooth is replanted gently. If 
the tooth is stable, it is not strictly necessary to 
splint; the patient need only bite on gauze. 
However, an unstable tooth must be semi- 
rigidly splinted (i.e., resin wire splint or inter-
rupted sutures) for 2  weeks. In addition, a 
surgical dressing can be applied to enhance 
healing and protect the area from infection 
and preserve the blood clot. Occlusal adjust-
ment to minimize occlusal force for the first 
months may be indicated.

• In the event of an endodontic perforation or an 
invasive cervical resorption, the clinician 
should proceed in the same way, only by 
selecting one or another material according to 
each case.

9.4.4  Conventional Tooth 
Autotransplantation: 
Indications and Technique

Conventional autotransplantation is commonly 
indicated when a tooth is unrestorable and 
another tooth, such as a third molar or a malposi-
tioned tooth, is not in function, or in cases of 
orthodontic problems [99]. However, the clini-
cian should only propose this procedure when an 
appropriate donor tooth can be used without sub-
sequent negative effects [7, 100] and when other 
treatment options (orthodontics, implants, fixed 
or removable partial dentures) are unfavorable in 
some aspects, such as function, time, cost, or 

long-term prognosis. There has been a renewed 
interest in this procedure, especially in growing 
patients, since it promotes functional adaptation 
and alveolar bone induction, thus re-establishing 
of a normal alveolar process [7].

Tooth autotransplantation is widely used to 
replace a single tooth, both in patients who have 
not completed craniofacial development and in 
adult patients. Therefore, as explained in the 
introduction, this therapeutic option is valid in 
many circumstances, including deep caries, 
trauma, periodontitis and endodontic problems, 
as well as in cases with tooth impact or agenesis. 
However, from all these situations, the clinician 
must clearly detect two highly different situa-
tions: one in which there is an early loss of a per-
manent tooth in a growing patient and the other in 
a patient who has already finished growing and 
has the option under normal conditions to have 
an implant placement.

Today, dental implants are a very common and 
predictable procedure for the rehabilitation of 
partially and completely edentulous arches, even 
in the area of esthetics, providing better outcomes 
compared to conventional fixed bridgework, 
resin-bonded restorations and removable partial 
dentures [101, 102]. Nonetheless, this treatment 
approach can frequently present technical com-
plications and biological ones, including 
 peri- implant diseases [103, 104]. These compli-
cations may have substantial economic implica-
tions [105] for patients and for their perception of 
the treatment [91]. In addition, implant dentistry 
is categorically contraindicated in growing 
patients because the implant cannot follow the 
maxillofacial development and it would remain 
in malocclusion during growth [106, 107].

The volume of the alveolar bone decreases 
significantly following extraction, creating a 
challenge for the prosthetic rehabilitation, par-
ticularly in growing patients [8]. The clinical 
consequences of these physiological hard and 
soft tissue changes may affect the outcome of 
ensuing therapies aimed at restoring lost teeth 
[108]. When considering implants, the clinician 
must often first carry out a bone augmentation 
technique. Therefore, it would be preferable to 
offer the patient autotransplantation, which main-
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tains bone structure and adapts to both growth 
and developmental changes (Fig. 9.9). This treat-
ment does entail potential complications, includ-
ing pulp necrosis and infection, replacement 
resorption and stunted root development, among 
others. However, Rohof et  al. [109] states that 
this type of complication has an incidence of 

<5%. It is important, therefore, to assess each 
patient to consider the immediate and short-term 
outcome, as well as the long-term outcome and 
alternative treatment options. A multidisciplinary 
approach is expected to enhance these outcomes 
for autotransplantation in children-adolescents 
and adults patients [110].
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Fig. 9.9 Conventional autotransplantation of an imma-
ture tooth. (a, b) Preoperative radiographs of a severely 
damaged mandibular first molar in a 16-year-old female. 
(c) The first molar was non-restorable. The treatment plan 
was to transplant the patient’s mandibular third molar. (d) 
Checking the suitability of the size and shape of the donor 
tooth through a limited CBCT. (e) The recipient site after 
the extraction of the first molar. The removal of alveolar 
septum was necessary. (f) The donor tooth (mandibular 
left third molar). Note that the tooth had an intact follicle. 

(g) After transplantation of the donor tooth. (h) Verification 
of donor tooth’s position in the modified recipient site. (i) 
The transplanted tooth positioned 2 mm below the occlu-
sal contact. (j) Radiographic aspect at 4  weeks post- 
surgery. (k) Follow-up at 3  months. (l) After healing 
(3 years after the procedure), root canal treatment was not 
necessary because the immature apex promoted revascu-
larization, healing of the pulp, and continuation of root 
development. (Courtesy of Dr. Alejandro Núñez and 
Nacho Cañameras)
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9.4.4.1  Diagnosis and Treatment 
Planning

• Before establishing candidates for a transplan-
tation, a careful clinical (including photo-
graphs), radiographic, and periodontal 
examination should be performed. The clini-
cian should take care to evaluate soft tissues 
and caries risk presented by the patient. As 
with any surgical procedure and the proce-
dures mentioned above, medical and dental 
specialty consultations are required. To ensure 
a desirable antibiotic level in the patient’s 
bloodstream, both during and after surgery, 
antibiotics should be prescribed a few hours 
prior to the procedure.

• Potential donor teeth for extraction must be ana-
lyzed to ascertain suitability of shape. At pres-
ent, a limited CBCT scan of the area in question 
facilitates the evaluation and allows the clini-
cian to select an ideal donor tooth. In addition, 
surgical planning software can be used to plan 
the tooth’s ideal final position in the recipient 
site (Fig.  9.10). It is essential to measure the 
basic parameters, such as the mesiodistal and 
buccolingual widths of the alveolar ridge and 
the placement of the mandibular canal or maxil-
lary sinus. The root development stage in grow-
ing patients should be 4 or 5.

• Oral hygiene phase. An oral hygiene, scaling, 
and root planing must be performed prior to, 
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Fig. 9.10 Immediate autotransplantation in a fresh 
extraction socket. (a) Fracture of an amalgam restoration 
in the mandibular left first molar. (b) Preoperative periapi-
cal radiograph showing the presence of an accessory dis-
tolingual (DL) root (radix entomolaris). (c) Radiographic 
aspect of the donor tooth (maxillary left third molar). (d) 
Autotransplant digital planning. (e) Simulation of the 3D 
position of tooth 28 in the recipient site. (f) Tooth 28 after 
atraumatic extraction. (g) Post-extraction alveolar ridge. 

(h) Position of the donor tooth in the recipient site as digi-
tally planned. (i, j) Semi-rigid splinting with adjacent 
teeth for 4 weeks. (k) Note the minimally invasive access 
cavity. (l, m) Follow-up at 1  month post-surgery. (n) 
Preparation completed and ready for adhesive cementa-
tion. (o) Lithium disilicate overlay. (p) Three years and 
4 months after the procedure. A normal lamina dura and 
PDL space can be observed
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or at the same time as, the surgical procedure. 
Before considering surgery, the clinician must 
be sure the patient has good oral hygiene hab-
its. If they are not willing to change their hab-
its, autotransplantation must be ruled out.

• Timing of extraction. Determining the right 
moment to extract the damaged donor tooth is 
not always easy, and factors such as pain or 
the root development of the donor tooth may 
hasten or delay the transplantation date. If 
tooth extraction and transplantation can be 
performed simultaneously, the PDL present in 
the extraction socket promotes healing while 
saving the patient undergoing a second sur-
gery. However, in some situations the clini-
cian may prefer or be forced to postpone the 
transplant: These cases may include acute or 
chronic infection or sinus tract at the extrac-

tion site, pregnant women, patients not avail-
able for an earlier surgery, congenitally 
missing teeth or early tooth loss, or an insuf-
ficient mesiodistal space in the recipient site 
and need for prior orthodontic treatment. 
Transplantations should be performed within 
2 months post extraction, since extensive bone 
resorption may occur after that period.

• Timing of root canal treatment. In cases of 
fully developed teeth, it is necessary in most 
cases to perform an endodontic treatment. 
This can be done before, during, or 2 weeks 
post-transplantation, according to the position 
of the donor tooth and its anatomical com-
plexity. The treatment aim is to prevent inflam-
matory root resorption.

• Fabrication of surgical models: 3D tooth repli-
cas and guiding templates. 3D radiologic data 
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Fig. 9.10 (continued)
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can be used to print tooth replicas that help 
clinicians prepare the recipient site, thus 
reducing possible injury to the donor tooth 
during the procedure and the extra oral time 
(Figs. 9.11 and 9.12).

9.4.4.2  Surgical Procedure (Fig. 9.13)
• Simultaneous anesthesia of the donor tooth 

and the recipient area. Anesthesia without 
vasoconstrictor is recommended if the donor 

tooth has an immature root, which is likely 
revascularize.

• Extraction of the damaged tooth. An atrau-
matic extraction should be performed as soon 
as possible, since both the bone surrounding 
the tooth and the PDL maintained in the recip-
ient socket are key factors in the case of 
prognosis.

• Tooth replica try-in. The recipient site should 
be modified according to the dimensions of 

Fig. 9.11 Autotransplantation of a mature third molar. 
(a) An 18-year-old male with a chief complaint of pain 
around the maxillary left first molar. A deep caries was 
found and the tooth was planned to be replaced by the 
maxillary third molar. (b) The panoramic view at the first 
examination. (c, d) A limited CBCT showing the position 
of the maxillary left third molar. (e) The extracted maxil-
lary first molar. (f) The recipient site post-extraction. (g) 
Preparation of the socket for the autotransplantation 
replacing the maxillary first molar. (h) 3D-printed tooth 

replica and the donor tooth. (i) Clinical view immediately 
after transplantation. Note that the position of the tooth 
was reversed, leaving the palatal root in the buccal area. 
(j) After autotransplantation of the donor tooth and sutur-
ing of the flap. No accessory fixation to the suture was 
needed since the primary stability was excellent. (k) 
Periapical radiograph after the procedure, and at 3 weeks 
post-endodontic treatment. (l) Occlusal view of the 
restored molar immediately after luting. (m) Radiograph 
4 years later showing a normal PDL space
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the tooth replica, with the aim of placing it in 
the same position previously digitally planned. 
Accordingly, the clinician can use 3D-printed 
guiding templates to ensure a faster and more 
accurate definitive placement of the tooth rep-
lica. Surgical round burs, at low speed but 
with water cooling, or piezoelectric inserts are 
recommended for this procedure. After remov-
ing any granulation tissue from the extraction 
socket, the alveolar septum should be removed 
in most cases of posterior teeth. Once the 
donor tooth replica fits passively and friction-
lessly, the clinician may consider the modifi-
cation of the alveolus finished.

• Extraction of the donor tooth. To perform this 
step, the clinician should use only forceps and 
avoid the use of luxators to preserve as much 
PDL as possible. Sometimes it is advisable to 
make a slight intra-crevicular incision before 
luxation. With a previous digital planning, the 

clinician will know whether it is necessary to 
reduce the length of the root or eliminate some 
of the root canal curvature to facilitate place-
ment in the recipient socket or the future end-
odontic treatment. The donor tooth must be 
kept in appropriate storage conditions, such as 
commercial tooth storage media, Hank’s bal-
anced salt solution, or saline solution. The 
donor tooth is placed in the recipient site at the 
earliest opportunity, leaving it in a slight infra- 
position free from occlusal forces. In children, 
where the donor tooth is partially erupted with 
an immature root development, it should be 
placed at its original level of eruption to allow 
it to erupt, since the root formation continues 
after revascularization.

• Fresh extraction socket. In most cases of 
immediate autotransplant, it is not necessary 
to raise a flap. However, if tooth extraction at 
the recipient site has been performed within a 
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Fig. 9.11 (continued)
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few weeks before the surgery, a full-thickness 
flap must be raised to expose the recipient site.

• Absence of recipient socket. When there is 
almost no extraction socket (i.e., temporary 
tooth) or none at all (i.e., teeth lost years ago 
or congenitally missing teeth), the recipient 
site must be surgically created or modified. 
This step can be taken more predictably if it is 
done using 3D technology. Otherwise, it is 
recommended to mark different reference 
points on the alveolar bone surface. Implant 
drills, surgical round burs, or even trephine 
burs, always irrigated with saline, can be used 
to perform the osteotomy in the recipient 
socket.

• Insufficient recipient socket. There are cir-
cumstances in which the clinician cannot 
ensure a sufficiently large recipient site [7, 8] 
for a predictable tooth autotransplantation. 
For buccal or lingual alveolar bone loss, the 
clinician should carry out guided tissue regen-
eration or an autogenous bone graft at the 
recipient site simultaneously with the trans-
plant [29]. The mechanisms of action of these 
approaches are based primarily on separating 
the gingival connective tissue from the PDL, 
maintaining a space for the osteoblastic cells 
to proliferate.

• Primary stability and occlusal adjustment. The 
type of fixation and its duration depends on 
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Fig. 9.12 Autotransplantation of a tooth with completed 
root formation. (a) A secondary decay of the maxillary 
left second molar in a 68-year-old male. The tooth could 
not be restored. (b) Radiograph of the affected tooth. (c) 
Radiograph of the donor tooth. The mandibular left third 
molar was considered to be the best candidate for trans-
plantation. (d) Digital segmentation of the donor tooth. (e) 
Final segmentation of the tooth before printing the replica. 

(f) Comparison between the 3D-printed tooth replica and 
the donor tooth. (g) The recipient site post-extraction. (h) 
The replica tooth used to check the recipient socket. (i) 
The transplanted tooth with fixation in situ. (j) Radiograph 
immediately after transplantation. (k) Endodontic treat-
ment performed 2 weeks post-surgery. (l) Occlusal view 
of the restored molar 1 month after luting. (m) Two-year 
radiographic follow-up
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several factors, the primary stability being one 
of the most important. In the event of a good 
initial primary stability, the postoperative fixa-
tion can be performed by suturing at the occlu-
sal or buccal level. It is important to remember 
that the occlusal adjustment should be prior to 
fixation. The suture should be removed 
between 5 and 7 days. In the case of poor ini-
tial stability, a buccal/lingual acid-etch com-
posite and flexible wire splint is indicated for 
a period of 4–8 weeks. In such case, the occlu-
sal adjustment is advisable once the splint has 
been placed. During the first 2 or 3 days, a sur-
gical dressing can be placed to protect the 
transplant against infection.

• Radiographic evaluation. The clinician should 
take a periapical radiograph before and after 
splinting to check the position of the donor 
tooth in the recipient socket. However, if the 
position of the donor tooth is the same as the 
tooth replica, this step can be omitted.

• Removal of the fixation. If the primary stabil-
ity of the donor tooth has been adequate, the 

fixation can be removed at 4 weeks. However, 
if it has not been good, the fixation can be 
extended to 8 weeks. It is important to check 
that the transplanted tooth must stable before 
the splint is removed.

• Root canal treatment. Pulp healing is expected 
with transplanted immature teeth, making 
endodontic treatment unnecessary in most 
cases. Therefore, in normal conditions, root 
development will take place and the tooth will 
respond positive to electric pulp tests. If the 
roots do not continue developing and symp-
toms of pulp pathology (essentially, inflam-
matory root resorption) appear, the root canal 
treatment should be started immediately. If a 
mature donor tooth is accessible, the endodon-
tic treatment can be completed before surgery. 
This approach can be highly advantageous, 
since in the hypothetical case of an intraopera-
tive accident (i.e., separated instrument) dur-
ing the endodontic treatment, the problem can 
be solved during autotransplant surgery. 
However, if the donor tooth is impacted or 
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Fig. 9.13 Simulation of an immediate autotransplanta-
tion in a fresh extraction socket. (a) Situation before pro-
cedure. The mandibular first molar is non-restorable and 
the immature third molar is suitable in size and shape. (b) 
After the extraction of the unrestorable tooth, the recipient 

site is examined and the donor tooth is atraumatically 
extracted. (c) Transplantation of donor tooth with resin 
wire splint and interrupted sutures. (d) After healing, pulp 
vitality is maintained and root development is completed
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erupted in a position that makes endodontic 
access difficult, root canal treatment should be 
started 2 weeks post surgery before removing 
the splint. The clinician may opt to complete 
the endodontic treatment in the same visit or 
place an interim dressing of calcium hydrox-
ide in the root canal system. How long the 
intracanal medication is left inside the root 
canal depends on the clinician’s criteria. 
Alternatively, root canal treatment can be per-
formed extraorally during transplantation; 
however, this is not generally recommended, 
as there is a clear risk of damage to the PDL 
during the procedure (Fig. 9.14).

• Orthodontic and restorative treatment. After 
removal of the splint, the transplanted tooth 
normally sits naturally in its new position, 
especially when the donor tooth has an imma-
ture apex. It is vital to continuously check the 
position of the tooth to ensure there is no type 
of occlusal interference. In cases of autotrans-

plantation to the anterior region, minor modi-
fications of the morphology should be 
performed as soon as possible according to the 
esthetics and function of the tooth. One of the 
main advantages of the autotransplant tech-
nique is that it allows the clinician to work in 
a very conservative way and to finish the prep-
aration on the enamel where the adhesion is 
superior to that of the dentin [111]. If 
 necessary, an external bleaching can be per-
formed when the tooth is still vital, or an inter-
nal bleaching in cases of an endodontically 
treated tooth. There are other scenarios where 
the clinician has no other choice than to per-
form an indirect restoration to place the tooth 
in an adequate occlusion and with the appro-
priate contact points with the neighboring 
teeth.

• A very frequent topic that clinicians ask them-
selves concerns the application of orthodontic 
forces to these transplanted teeth. In fact, there 
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Fig. 9.14 Autotransplantation of a mature tooth com-
bined with extraoral apicoectomy. (a) The patient was a 
44-year-old female with a chief complaint of pain in teeth 
46 and 48. Planning of the transplantation of the mandibu-
lar right third molar to the area of the non-restorable man-
dibular first molar. (b) Preoperative periapical radiograph. 
(c) Periapical radiograph of the donor tooth. (d) Simulation 
of the apical microsurgery in the printed replica. (e) The 
recipient site post-extraction. (f) Extraction of the non- 
restorable mandibular first molar. (g) Placement of the 

replica in the recipient site before extraction of the donor 
tooth. (h–j) The apicoectomy performed extraorally on 
the donor tooth, which was then replanted in the modified 
extraction socket. (k) Periapical radiograph immediately 
after transplantation. Note the apical retrofilling. (l) 
Nonsurgical retreatment performed 3 weeks post-surgery. 
(m) Cavity before impression. (n) Radiographic aspect of 
the restored molar 2  months after transplantation. (o) 
Three-year radiographic follow-up. (p) Three-year clini-
cal follow-up showing excellent esthetic maintenance
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are no papers on the effectiveness or success 
of orthodontic forces of autotransplanted teeth 
[109]. Despite the lack of randomized con-
trolled trials (RCTs), the influence of orth-
odontic movements on transplanted teeth 
seems to have minimal or little relevance 
[112–114]. However, as any traumatized tooth 
with a PDL injury, it is generally accepted that 
orthodontic forces should not be applied to a 
transplanted tooth for at least 6 months post- 
surgery [115, 116]. In cases of autotransplan-
tation of immature teeth, orthodontic treatment 
should ideally be started after complete PDL 
healing, but preferably before the bone alveo-
lar has fully formed. Therefore, the onset time 
can vary from 8  weeks to 3–9  months post- 
transplantation [117, 118].

• Periodical follow-up. Once transplanted teeth 
have healed, they are prone to the same risks 
as any natural tooth regarding caries and peri-
odontal disease. Thus, these teeth require a 
periodic follow-up, just as the other teeth in 
the mouth. The patient’s proactiveness is cru-
cial to ensure positive long-term results.

9.5  Concluding Remarks

In the last 30  years, a better understanding of 
wound healing processes following transplanta-
tion, replantation, and surgical extrusion has sig-
nificantly increased the success of these 
procedures. However, there is no general consen-
sus as to the criteria used, making success rates 
vary within studies. It is evident that regardless of 
the study assessed, the clinician can expect the 
same level of success from these procedures as 
can be expected from dental implants. Thus, in 
specific and properly selected cases, autotrans-
plantation and replantation are highly effective 
procedures. In this aspect, the clinician must 
know the fundamental healing mechanisms of 
the PDL, the alveolar bone, and the gingival tis-
sue and the pulp.

With careful case selection based on indica-
tions, autotransplantation can prove to be a suffi-
ciently predictable treatment, with success rates 

of 70–95% over 5 years. Naturally, the individual 
clinician’s skill and ability in the final results is 
also a determining factor. An autotransplantation 
can be made even more predictable by combining 
digital planning, experience, skill, and good 
judgment in case selection.

However, surgical extrusion, intentional 
replantation, and autotransplantation have low 
level of scientifically based evidence due to a 
lack of randomized controlled trials (RCTs). 
Adequately designed prospective studies with an 
agreed definition of success are indispensable for 
a more comprehensive insight into the success 
rates of these treatments. Detection of root 
resorption following replantation may take up to 
3 years, implying that more investigation is nec-
essary with a sufficient sample size that includes 
long-term follow-ups. Multicenter collaborative 
efforts to study this could yield the sample size 
required to draw meaningful conclusions.
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