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Abstract
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In the last decade, several access cavity designs invol-
ving minimal removal of tooth tissue have been
described for gaining entry to pulp chambers during
root canal treatment. The premise behind this concept
assumes that maximum preservation of as much of the
pulp chamber roof as possible during access preparation
would maintain the fracture resistance of teeth following
root canal treatment. However, the smaller the access
cavity, the more difficult it may be to visualize and deb-
ride the pulp chamber as well as locate, shape, clean
and fill the canals. At the same time, a small access cav-
ity may increase the risk of iatrogenic complications as
a result of poor visibility, which may have an impact on
treatment outcome. This study aimed to critically anal-
yse the literature on minimal access cavity preparations,
propose new nomenclature based on self-explanatory
abbreviations and highlight the areas in which more
research is required. The search was conducted without
restrictions using specifics terms and descriptors in four
databases. A complementary screening of the references
within the selected studies, as well as a manual search
in the highest impact journals in endodontics, namely

International Endodontic Journal and Journal of
Endodontics, was also performed. The initial search
retrieved 1831 publications. The titles and abstracts of
these papers were reviewed, and the full text of 94 stud-
ies was assessed. Finally, a total of 28 studies were iden-
tified as evaluating the influence of minimally invasive
access cavity designs on the fracture resistance of teeth
and on the different stages of root canal treatment (ori-
fice location, canal shaping, canal cleaning, canal filling
and retreatment). Overall, the studies had major
methodological drawbacks and reported inadequate
and/or inconclusive results on the utility of minimally
invasive access preparations. Furthermore, they offered
limited scientific evidence to support the use of mini-
mally invasive access cavities to improve the outcome of
root canal treatment and retreatment; they also pro-
vided little evidence that they preserved the fracture
resistance of root filled teeth to a greater extent than
traditional access cavity preparations. It was concluded
that at present, there is a lack of supporting evidence
for the introduction of minimally invasive access cavity
preparation into routine clinical practice and/or training
of undergraduate and postgraduate students.
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Introduction

The emerging concept of minimally invasive access
cavity preparation aims to preserve sound dentine by
maintaining as much of the pulp chamber roof as
possible based on the assumption that retaining this
structure will preserve the fracture resistance of teeth
after root canal treatment (Clark & Khademi 2010a).
However, making the access too small may compro-
mise the subsequent stages of root canal treatment by
preventing and/or complicating the location of canal
orifices and the canal cleaning, shaping and filling
procedures (Gluskin et al. 2014, Krishan et al. 2014,
Rover et al. 2017, Silva et al. 2020). Concurrently, it
may also increase the potential for iatrogenic complica-
tions including missed canals, deviations and/or instru-
ment fracture (Gluskin et al. 2014, Rover et al. 2017,
Silva et al. 2018, Pedulla et al. 2020). In addition, the
residual roof of the pulp chamber may make it difficult
to remove pulp remnants, dentinal debris, blood, filling
materials and other residues, which may cause tooth
discoloration, support microbial growth and have a
negative impact on materials, particularly root canal
sealers and composites (Lenherr et al. 2012, March-
esan et al. 2018, Neelakantan et al. 2018, Silva
et al. 2020). Even though several articles have been
published on this topic and there is substantial interest
in such techniques on social media, there is a lack of
scientific evidence to support the introduction of these
new designs of access cavities into routine clinical
practice and/or training of undergraduate and post-
graduate students. Therefore, this study aimed to (a)
review the current literature on minimal access cavity
preparations during root canal treatment and retreat-
ment, (b) propose a new nomenclature based on self-
explanatory abbreviations and (c) highlight the areas
in which more research is required.

Review

Literature search strategies

A literature search was performed without parameter
restrictions up to June 2020 by two independent eval-
uators (K.P.P., C.M.F.) using specific Medical Subject
Heading (MeSH) terms and free descriptors regarding
minimally invasive access cavity in PubMed, Scopus,
Web of Science and Science Direct databases. After
applying a combination of descriptive terms [(conser-
vative OR minimally OR minimally invasive OR con-
tracted OR ultraconservative OR truss OR ninja) AND

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd

(cavity OR access) AND (endodontic)], studies that eval-
uated the influence of minimally invasive access prepa-
rations on all stages of root canal treatment or on
fracture resistance of teeth were selected. A comple-
mentary screening of the references and a manual
search in the highest impact journals in endodontics,
namely the International Endodontic Journal and Jour-
nal of Endodontics, were also accomplished. The pri-
mary search retrieved 1831 articles. Their titles and
abstracts were analysed, and 94 potentially relevant
articles were read in full for eligibility. In cases of dis-
cordance, a third author made a final decision
(EJ.N.L.S.). Articles that did not address the topic, stud-
ies about guided endodontic procedures, intracoronal
bleaching, reviews and case reports were excluded. The
final selection comprised 28 papers that compared vari-
ous types of minimally invasive access cavity prepara-
tions in terms of fracture resistance of teeth, stress
distributions through finite element models and their
influence on different stages of root canal treatment.

Nomenclature of access cavity designs

Terminological consistency in science is important to
communicate ideas, to explain concepts and to avoid
ambiguity. The proposal for different designs of access
cavity preparation is a relatively new trend in
endodontics, and specific nomenclature has yet to be
established. The numerous abbreviations proposed in
the literature are characterized by mismatching and
overlapping terms, leading to challenges around com-
prehension and readability. Hence, the new classifica-
tion proposed in this study is based on the selected
literature and is intended to condense 22 terms
related to access cavity geometries (Table 1) into six
main categories in order to provide a common lan-

guage and self-explanatory abbreviations (Fig. 1):

e Traditional Access Cavity (TradAC): in posterior
teeth, complete removal of the pulp chamber roof
followed by achieving straight-line access to the
canal orifices, with smoothly divergent axial walls,
so that all orifices can be seen within the outline
form (Fig. 1a). In anterior teeth, the straight-line
access is obtained by removing the pulp chamber
roof, the pulp horns, the lingual shoulder of den-
tine, and further extending the access cavity to
the incisal edge (Fig. 2a; Levin 1967).

e Conservative Access Cavity (ConsAC): in posterior
teeth, preparation usually starts at the central fossa
of the occlusal surface and extends, with smoothly
convergent axial walls to the occlusal surface, only
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Table 1 Abbreviations and terms proposed in the literature to classify the different types of access cavity geometries in
endodontics

Abbreviation Meaning References

CAC Conservative access cavity Sabeti et al. (2018), Freitas et al. (2020)?, Mendes et al. (2020)

CEA Contracted endodontic access Béveda & Kishen 2015

CEAC Conservative endodontic access cavity Saygili et al. (2018)

CEC Conservative endodontic cavity Alovisi et al. (2018), Chlup et al. (2017), Corsentino et al. (2018),
Ivanoff et al. (2017), Krishan et al. (2014), Makati et al. (2018),
Moore et al. (2016), Niemi et al. (2016), Plotino et al. (2017),
Jiang et al. (2018), Ozyﬂrek et al. (2018), Roperto et al. (2019),
Rover et al. (2017),
Zhang et al. (2019), Tufenkgi & Yilmaz (2020), Wang et al. (2020)

CECDW CEC with divergent walls Roperto et al. (2019)

DDC Orifice-directed dentine conservation access Neelakantan et al. (2018)

EEC Extended endodontic cavity Jiang et al. (2018)

MEC Modified endodontic cavity Zhang et al. (2019)

Mi Minimally invasive Yuan et al. (2016), Eaton et al. (2015), Lin et al. (2020),
Freitas et al. (2020)?

MS Modified straight-line Lin et al. (2020)

NEC Ninja endodontic cavity Plotino et al. (2017)

PEAC Point endodontic access cavity Sayagili et al. (2018)

SL Straight-line Yuan et al. (2016)

SLF Straight-line furcation Eaton et al. (2015)

SLR Straight-line radicular Eaton et al. (2015)

TA Truss access cavity Abou-Elnaga et al. (2019)

TAC Traditional access cavity Abou-Elnaga et al. (2019), Sabeti et al. (2018), Mendes et al. (2020)

TEAC Traditional endodontic access cavity Sayagili et al. (2018)

TEC Traditional endodontic cavity Alovisi et al. (2018), Chlup et al. (2017), Corsentino et al. (2018),
Ivanoff et al. (2017), Krishan et al. (2014), Makati et al. (2018),
Moore et al. (2016), Jiang et al. (2018), Neelakantan et al. (2018),
Niemi et al. (2016), Plotino et al. (2017), Ozyijrek et al. (2018),
Roperto et al. (2019), Rover et al. (2017), Silva et al. (2020),
Zhang et al. (2019), Saberi et al. (2020), Tiifenkci & Yilmaz (2020)

TREC Truss endodontic cavity Corsentino et al. (2018), Saberi et al. (2020)

TS Traditional straight-line Lin et al. (2020)

UEC Ultra-conservative endodontic cavity Silva et al. (2020)

®Freitas et al. (2020) did not use abbreviations.

as far as necessary to detect the canal orifices, pre-
serving part of the pulp chamber roof (Clark & Kha-
demi 2010b; Fig. 1b). This access type can be also
performed with divergent walls (ConsAC.DW) (Rop-
erto et al. 2019) (Fig. 1c). In anterior teeth, this
access involves moving the entry point away from
the cingulum towards the incisal edge, on the lin-
gual or palatal surface, by creating a small triangu-
lar-shape or oval-shape cavity, conserving the pulp
horns and the maximum pericervical dentine

(Fig. 2b) (Vieira et al. 2020).

Ultra-Conservative Access Cavity (UltraAC): known
as ‘ninja’ access, such cavities start out as
described in the ConsAC, but with no further
extensions, maintaining as much of the pulp
chamber roof as possible (Plotino et al. 2017)

International Endodontic Journal, 53, 1618-1635, 2020

(Figs 1d and 2c). In anterior teeth, when there is
attrition or a deep concavity in the lingual aspect
of the crown, the access can be performed in the
middle of the incisal edge, parallel to the long axis
of the tooth (UltraAC.Inc) (Fig. 2d).

e Truss Access Cavity (TrussAC): aims to preserve the
dentinal bridge between two or more small cavities
prepared to access the canal orifice(s) in each root
of multi-rooted teeth. In mandibular molars, for
example, two or three individual cavities can be
created to access the mesial and distal canals (Nee-
lakantan et al. 2018; Fig. 1E).

o (Caries-Driven Access Cavity (CariesAC): access to
the pulp chamber is performed by removing caries
and preserving all remaining tooth structures
(Figs 1f and 2e), including the soffit structure,

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Figure 1 Classification of the access cavity designs in posterior teeth consolidating 20 out of 22 overlapping terms used in the
selected literature. SLF and SLR do not fit in any category since the final shape of the access cavity obtained using these
parameters is dependent on the position of the anatomical landmarks. (a) Traditional access cavity (TradAC); (b) conservative
access cavity (ConsAC); (c) conservative access cavity with divergent walls (ConsAC.DW); (d) ultra-conservative access cavity
(UltraAC); (e) truss access cavity (TrussAC); (f) caries-driven access cavity (CariesAC); (g) restorative-driven access cavity

(RestoAC).

described as the underside of an architectural fea-
ture such as the ceiling, the corner of the ceiling
and the wall (Clark et al. 2013).

e Restorative-Driven Access Cavity (RestoAC): in
restored teeth with no caries, access to the pulp
chamber is performed by totally or partially remov-
ing existing restorations and by preserving all possi-
ble remaining tooth structures (Figs 1g and 2f).

Amongst the 22 abbreviations reported in the litera-
ture (Table 1), two of them (SLF and SLR) differ from
the others because their outlines are derived from pulp
space landmarks projected onto the occlusal surface of
the teeth. Whilst the straight-line furcation design

(SLF) is based on the location of the centre of each

canal at the furcation level, the reference for the

straight-line radicular (SLR) access is associated with

the position of the pulp horns (Eaton et al. 2015).

Although SLF and SLR do not fit into the new proposal

categories, they were applied recently in clinics using

the concept of dynamic CT-guided endodontic access

procedures (Gambarini et al. 2020).

Influence of minimal invasive access preparation
on root canal treatment/retreatment

The overall description of the studies that evaluated
the types of minimal access cavity preparations on

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd

various root canal procedures reported in the litera-
ture is summarized in Table 2.

Orifice location

One of the major inherent difficulties when using mini-
mally invasive access cavities is the location of root
canals as orifice location may be impaired by the lim-
ited view of the pulp chamber floor. Rover et al. (2017)
demonstrated a greater detection of second mesiobuccal
canals (MB2) in maxillary molars with TradAC com-
pared to ConsAC, with or without magnification, but
no difference was observed when troughing with an
ultrasonic tip was associated with magnification. In
another study, a greater MB2 detection rate was also
observed in the TradAC group (60%) and ConsAC
(53.3%) groups compared to UltraAC (31.6%) (Saygili
et al. 2018). Additionally, a recent study using a simu-
lated clinical environment reported that the type of
access cavity (TradAC or ConsAC) did not influence the
detection of middle mesial canals (MMC) in mandibular
molars when performed by an experienced endodontist
using an operating microscope and thin ultrasonic tips
to remove the dentine overhanging the orifices (Mendes
et al. 2020; Table 2).

Summary. Although the operators were blinded to the
presence of the extra canals in these studies, their

International Endodontic Journal, 53, 1618-1635, 2020
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Figure 2 Classification of the access cavity designs in anterior teeth consolidating the 20 out of 22 overlapping terms used in
the selected literature. SLF and SLR do not fit in any category since the final shape of the access cavity obtained using these

parameters is dependent on the position of the anatomical landmarks. (a) Traditional access cavity (TradAC); (b) conservative

access cavity (ConsAC); (c) ultra-conservative access cavity (UltraAC); (d) ultra-conservative access cavity performed in the
incisal edge (UltraAC.Inc); (e) caries-driven access cavity (CariesAC); () restorative-driven access cavity (RestoAC).

detection was not influenced by TradAC or ConsAC
types when associated with magnification/illumina-
tion and the use of thin ultrasonic tips. In contrast,
detection of extra canals in teeth with UltraAC was
impaired. Further studies are required to evaluate if
the knowledge of the operator regarding the presence
of extra canals would affect their detection rate in dif-
ferent groups of teeth with varying access designs.

Chemomechanical canal preparation

An adequately prepared access cavity is crucial for
effective instrumentation and delivery of irrigants into

International Endodontic Journal, 53, 1618-1635, 2020

the root canal system (Béveda & Kishen 2015). In
the present review, the influence of various access
cavities on chemomechanical preparation procedures
was assessed in 11 studies, including the evaluation
of unprepared canal walls, canal curvature, canal
transportation, accumulation of hard tissue debris,
pulp tissue remnants and intracanal disinfection
(Table 2).

Advances in image analysis using nondestructive
micro-computed  tomography  (micro-CT) have
revealed a large percentage of untouched areas in the
main root canal after shaping procedures (Peters

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd
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et al. 2001, Versiani et al. 2013). In teeth with necro-
tic pulps, these areas might be covered with pulp tis-
sue remnants, bacteria and/or dentine chips (Siqueira
et al. 2018) and may affect the long-term outcome of
treatment (Chugal et al. 2017). This review included
four studies that evaluated the influence of various
access cavity designs on the untouched areas of the
root canal walls after preparation, using micro-CT
technology (Krishan et al. 2014, Rover et al. 2017,
Silva et al. 2020, Vieira et al. 2020). Krishan
et al. (2014) reported a greater percentage of
untouched walls after preparation of distal canals of
mandibular first molars with ConsAC compared to
TradAC. The sample selection, however, was carried
out using radiographic images, and the unknown
cross-sectional morphology of the root canal may
have acted as a confounding factor. In the other three
studies, samples were pair-marched according to the
canal configuration using micro-CT and no difference
in the percentage of untouched walls after shaping
the canal systems of maxillary molars (Rover
et al. 2017), mandibular incisors (Vieira et al. 2020)
and maxillary premolars (Silva et al. 2020) was
observed by comparing the TradAC to ConsAC (Rover
et al. 2017), UltraAC.Inc (Vieira et al. 2020) or
UltraAC (Silva et al. 2020). Overall, these findings
suggest that the percentage of untouched walls after
the mechanical preparation of root canals in different
groups of teeth may not be compromised by minimal
access cavity preparations; however, further studies
using micro-CT and contralateral pair-matched teeth
(De-Deus et al. 2020) are recommended.

The influence of minimally invasive access cavities
on canal curvature and transportation were investi-
gated in five studies (Eaton et al. 2015, Rover
et al. 2017, Alovisi et al. 2018, Zhang et al. 2019,
Freitas et al. 2020). Overall, canal preparation using
ConsAC resulted in a major deviation of the original
anatomy at the apical level of the palatal canal of
maxillary molars (Rover et al. 2017) and in the
mesial canals of mandibular molars (Alovisi
et al. 2018). Eaton et al (2015) and Zhang
et al. (2019) observed that the maximum angle of
canal curvature was greater in teeth with ConsAC
compared to TradAC. This would result in excessive
pressure of the instrument against the outer aspect of
the curvature (Alovisi et al. 2018), increasing the risk
of transportation, which may explain these results.
On the other hand, Freitas et al. (2020) reported no
difference in the transportation of mesiobuccal canals
in maxillary molars with ConsAC and TradAC.

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd

However, although using micro-CT, the major limita-
tion of this study was the linear measurement of
transportation at only two root levels, it is important
to highlight that the stress level along the length of
an instrument in curved canals may exceed its endur-
ance limit, increasing the probability of fracture
(Lopes et al. 2013, Ozyiirek et al. 2017). Once frac-
tured, attempts to remove the fragment may be fol-
lowed by unnecessary dentine removal, resulting not
only in weakening the tooth structure, but also vio-
lating the basic concept of minimally invasive den-
tistry. To date, no study has attempted to assess the
influence of different access cavity preparations on
the incidence of instrument fracture.

During canal shaping, some areas may accumulate
dentine debris generated and transported by endodon-
tic instruments (Paqué et al. 2009, De-Deus
et al. 2015). Debris may interfere with disinfection by
both preventing irrigant flowing within the root canal
system and by neutralizing its efficacy (Siqueira
et al. 2013). Only two studies evaluated the influence
of different access cavity designs on the amount of
accumulated debris (Rover et al. 2017, Silva
et al. 2020). Whilst no difference was observed by
Rover et al. (2017) comparing maxillary molars with
ConsAC or TradAC, Silva et al. (2020) reported that
canal preparation of maxillary premolars with
UltraAC was associated with a greater percentage of
debris compared to TradAC. Therefore, it seems that
the larger area of pulp chamber roof associated with
small access cavities (UltraAC) might have affected
the efficiency of irrigation (Neelakantan et al. 2018)
and, consequently, resulted in more dentinal debris
accumulated within the root canal system.

Disinfection procedures can be also impaired by
contaminated pulp tissue remnants that may serve as
a source for persistent infection and post-treatment
disease (Siqueira & Rogas 2008). Neelakantan
et al. (2018) reported a greater amount of remaining
pulp tissue retained in the pulp chamber of mandibu-
lar molars with TrussAC compared to TradAC after
chemomechanical preparation using rotary instru-
ments and conventional syringe irrigation. According
to the authors, the remaining pulp chamber roof
interfered with the mechanical action of the instru-
ments and compromised the flow of irrigants. More
recently, it was reported that disinfection procedures
using conventional syringe irrigation were compro-
mised significantly after root canal preparation of
teeth with conservative endodontic cavities (Vieira
et al. 2020). Results from quantitative polymerase

International Endodontic Journal, 53, 1618-1635, 2020
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chain reaction revealed that the number of bacteria-
positive samples was significantly greater in the Con-
sAC group (86%) than in the TradAC group (50%)
after preparation. Even though this finding substanti-
ates the potential negative influence of the access cav-
ity type on root canal disinfection, bacterial sampling
in this study was performed using paper points, a
technique well known to overestimate the disinfection
ability of chemomechanical procedures as it prevents
the detection of bacterial biofilms on canal walls
(Siqueira et al. 2013). In contrast, Tifenk¢i & Yilmaz
(2020) reported no difference in bacterial reduction
(E. faecalis) of mandibular molars with TradAC and
ConsAC using XP-endo Finisher instruments (FKG
Dentaire, La Chaux de Fonds, Switzerland) for one
minute to activate the irrigant solution. In this study,
however, bacterial detection was achieved using col-
ony-forming units, a method in which clumps of bac-
terial cells can be miscounted as single colonies
(Hazan et al. 2012). On the other hand, although this
finding may support irrigant activation to enhance
the effectiveness of root canal debridement and disin-
fection in teeth with minimal access cavities, it is also
known that irrigating minimally enlarged canals may
also pose additional disadvantages such as limited irri-
gant penetration, needle wedging, vapour lock effect
and challenges associated with sonic/ultrasonic/apical
negative pressure irrigation (Béveda & Kishen 2015).
Therefore, further research is required in this key
area, as disinfection has a direct influence on the out-
come of root canal treatment (Restrepo-Restrepo
et al. 2019).

Summary. The data suggests there is no difference
between the TradAC and ConsAC regarding
untouched canal walls and accumulated hard tissue
debris remaining after preparation, whilst greater
canal transportation was observed in teeth with Con-
sAC. Additionally, the smallest access cavities, such
as TrussAC and UltraAC, were associated with nega-
tive effects on irrigation efficiency as larger amounts
of remaining pulp tissue and hard tissue debris
remained after shaping procedures. On the other
hand, the influence of access cavity design on bacte-
rial reduction is still unclear and further studies are
required.

Root canal filling and retreatment

This review identified only two studies that appraised
the influence of access cavity design on root canal fill-
ing (Niemi et al. 2016, Silva et al. 2020) (Table 2).

International Endodontic Journal, 53, 1618-1635, 2020

Niemi et al. (2016) assessed the quality of canal filling
performed in oval-shaped canals of mandibular pre-
molars after ConsAC or TradAC through radiographic
analysis. The reduced dimensions of minimally inva-
sive access hindered the adaptation of the gutta-per-
cha cone when using a single-cone technique and
hampered the accomplishment of the continuous
wave of condensation method. For these reasons, it
was concluded that warm lateral compaction would
be the better option for filling canals in teeth with
minimally invasive access preparations. Silva
et al. (2020) compared UltraAC and TradAC regard-
ing the percentage of voids created after filling root
canals of two-rooted maxillary premolars with round
cross-sectional shapes. The authors reported that
canal filling was not impaired by access design, possi-
bly because of the round root canal cross section;
however, the operator was unable to remove rem-
nants of filling materials from the pulp chamber prior
to restoration of teeth with UltraAC, even with the
aid of ultrasonic tips, magnification, and extra time to
complete treatment. This extended operative period
might lead to the fatigue of both patient and dentists,
whilst the filling remnants can compromise aesthetics
by causing tooth crown discoloration over time (Len-
herr et al. 2012, Marchesan et al. 2018).

Only one study assessed the influence of different
access designs on retreatment procedures. Niemi
et al. (2016) used the sectioning method to evaluate
the effectiveness of rotary systems on the re-
moval of root  filling materials from  oval-shaped
canals of single-rooted mandibular  premolars
(Table 2). Overall, teeth with ConsAC were associated
with more filling remnants on root canal walls than
TradAC. However, a possible access/instrument inter-
action was also demonstrated since the combination
of ConsAC with ProFile Vortex Blue rotary system
(Dentsply Sirona Endodontics, Tulsa, OK, USA) was
associated with a significantly greater amount of fill-
ing remnants, whilst no difference was found compar-
ing retreatment of teeth with TradAC or ConsAC
using the TRUShape system (Dentsply
Sirona Endodontics). On the other hand, more time
was required for retreatment of teeth with the latter
combination. In this study, however, no measure-
ments regarding the percentage of filling remnants in
relation to the original volume of the filling materials
(baseline) were provided.

Summary. Evaluating the outcome of canal filling and
retreatment procedures when using different types of

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd



Critical analysis of minimally access cavity

Silva et al.

JVIX3 > DVPeIL > JYSu0D

‘Alined ssaooe 1SS9I1S 9UIIUBP |BIIAIBIIIRY (Z) IVIX3
oyl Jo 1uawabiejus ayl yum pasealdul JVIX3 = Jysuo) JYsuo) siejow
auluap |ediAIeoLad 8yl UO SSals Ay | = Qyped] :ssails |esn[o9Q (L) vad ovpeil € 151 Asejjixey eulyy 8Loz ‘Je 3@ Buelr
*Jyped] 01 paiedwod salliABD Palolsal JYsuo)
|ESN|220-01S8W Y1IM 199] JO 9ouelsisal ovpely slejowaid
ainjoely ay) anoidwi Jou pIp JYSUo) JVSuU0) = Jypei] = |04JU0)  9duelsisal ainjoel Jo,uo) Gy Je|nqipuep vsSn LLoZ ‘e 10 JJoueA|
QVsuo) = QvpesL :Aljiqe
Burieyuad /uodsuel] (g)
‘uoljesedald |eued 1004 ayl 8ouUBN|UI JOU JVYsuo) = Jyped| Jysuo) siejow
pIp AliABD SS@29e 213UOpopud Jo adAl ay] {leAowal aunuaq (L) 1D-0401N ovpell 02 Asejixepn lizeag  0z0Z ‘|e 18 senal4
's|eued 1001 41s
|eISOW JO 9IN]BAIND WNWIXewW ay} je 9|bue ERES siejow
Atewnd ueaw 1sayb1y ay1 pamoys Jysuo) 418 <d41S <Qvsuo) 10-00IN Jvsuo) 0g Je[nqipuelp vsn GlLoc ‘e 18 uoley
*adAl Ajined ssaooe
oyl Jo 1uapuadapul ‘eduelsisal yibualls ayl ovssni]
pasealdap Ajpueaiyiubis sabpu |eisip pue JYsuo)
|eISBW JO SSO| 8Y] "Ylda) JO ddue)sisal Jyssni] = JQysuo) ovpedl siejow VCRE]
ainjoely a8yl anosdwil Jou pIp Jyssnil = JVypel] <|0Jluo)  dduelsisal ainjoelq joJ1uo) 00l Je|nqipuep Aley  8L0z 0oulluasI0)
*dnoub |041u09 8y} 01 pasedwod Jysuo)
JVSUO) pue Jypel] Usamlaq aduelsisal ovpell olignday
24njoel) 8Y] Ul 90UBI9HIP OU SBM dJay | JVYSU0) = JypeJ] = |04JU0D  dDUBISISAI 9iNnjoel4 joJluo) 09 siejowalid yoezy £10Z ‘e 3@ dnjyp
*Jy¥Su0) ueyl uolleuodsuely
|eaide sso| pue Awoleue |eued ayl Jysuo) siejow
10 uolleAsasald 1an19q pamoys Jyped | JVSuo) <Qvypet| 1D-0401N ovpell 0¢ Je|nqipuelp  9oueld /Ajel  8L02 ‘|e 19 1SINO|Y
'S9I1ABD |B1SIP-0SN|900-01SaW oyssni]
YlM siejow paleal Ajjesinuopopus ovpell slejow ‘e 18
JO 9ouelsisal ainjoely ayl panosdwi Jyssni] JVPeIL <JYSSNI]| = |0J1UO)  9JURISISAl aunjoeiq joau0) 99 1S| Je|nqipuep 1dAB3 L0z ebeujz-noqy
sBuipuly ulepy STHECYRVEIN] Spoylan sdnoip u ylea| Aluno)  ueaA sloyiny

suostredwod 1odoad mof[e 03 wdIsAs uonedyisse[d [esodoxd mau ay) ojul SaIpnIs [eUISLIO Y] Ul
pasn sad£) uonerAsIqqe Jo jsouwl SUNILAUO0D suoneredaad Ajaed sso00e AJ[RWIUIN JO S9dA) JUAISJIP pajen(eAd Jey) SIpNIs 04314 ul pue 0AlA X2 ) Jo UondLIosap [[eIeA() g 9|qel

o
N
o
13
o)
3]
©
&
-
©
-
()
o
©
c
=
>
o
3
L2
=
c
]
°
]
°
c
w
©
c
o
=
©
c
=
7]
-
c

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd



Critical analysis of minimally access cavity Silva et al.

‘WBlsAs |euBd 1004 [BISBW By} UIYHM
90UaIaYIp OU Ing ‘Qypel] Yyum pasedwod

(QvpesL = Jvssnil)
walsAs |eued |eisaw

pue (QypelL <Qvssnil)

Jaquwieyo dind ays uj anssi3 dind Bujujewsa. Jaqueyd dind ay; ovssni] siejow VCRE]
40 unowe 1aybiy pamoys Jyssni| ul anssil dind Bujuleway ABo|o1sIH ovpell g€ 1S| Jenqgipuep| eulyy 8102 uejueye|eaN
JVsSuo) = Jvpell <|0luo)
:@0ue]sIsal ainjoeld (€)
*9oue]sIsal ainjoedy Jvpel] = Jysuo)
pue senjeA uleJ1SoJoIW [eIXE ‘S||eM |eUBD 1UleI1SOIOIW [BIXY (Z) Jysuo)
paiipow jo uoiuodoid ueaw ay) Buipiebal JVPpel] = JYSUo)  9duelsIsal ainjoelq ovped| vsn
Jvped] 01 Ajejiwis pawiopad Jysuo) S[|em |eued PaljipoAl (L) 1D-040IN |osuo)y /G siejow Asejixey /epeued 9102 ‘|e 18 9100\
‘uBisap AlAed ssaooe oy
AQ peloaye J0u sem siejow Jengipuew JVSuo) = Jyped] :s|eued a2doosouoIN Jysuo) siejow
ul S|eUBd |BISW 3|PPIW JO UOII818P Y] |eISaW a|ppiw JO uo119318( Bunesadp ovpell 09 1S| Je|nqipuey lizeag 0z0Z /e 18 Sapus|y
JVPpelL <QVsuo)
:90ue)sIsal ainjoeld (g)
*Jvpes] o1 paiedwod yieal jo JVpel] <)Qysuo) oouejsisal JVysuo)
9oUe]SISal a4njoely 8yl pPa|qnop Jysuo) 1ssaw1yl aunuaq (L) ainyoel /1999 ovpell 09 SN eipul  8L02 ‘le 18 neye
oveann siejow
Jvpeil 8yl Jvel|n = Jvsuo) <QvpelL Jysuo) Je|nqipuew
yum Jaybiy sem [eAOWSI BUIUSP [BIIAIDY) {|eAOWI BUIUAP [BIIAID) 124D ovpell 9¢ pue Aiejjixel uemie] 0z0zZ ‘e 38 ur
(QvpelL <Qysuo) = [043u0))
siejow pue siejowalid {(Jysuo)
= Qypel] = |0J1u0)) si0sioul
:90ue]SIsal ainjoeld (€) {(Qysuo)
<JVpei]) siejow (Jysuo)
<QvpeJ]) siejowalid {(Qysuo)
<QVpel]) SI0SIoul :[eAOwal
*Jvped] 01 pasedwood ‘sjeued aunuaq (g) {(QvpelL = Jysuo)) siejow 1s|
10014 [e1sIp 4O pJiy} |eoide ayy le uonesedaad s|eued uejowaid le|ngipuew
Jo)je s||lem aunuap payonolun ybiy pue Josioul pue siejowaid
pue ‘(siejow pue siejowsaid tgngipuew) ‘leued |eissw (Jyped ] Jysuo) pug Je|ngipuew
ooue]sisal ainjoed) panosdwl ‘leAowal <QVYSu0)) |[eued [elsIp  9douelsIsal ainjoeld ovpes| ‘siosoul
aunuap ssa| Ajjueolyiubis ul pajnsal Jysuo) S[|lem [eued payonolun (L) 1D-0401N |o1u0) 06 |ealuad Alejjixelp epeue) {10z /e 18 ueysuy
sBuipuly ulepy s)nsal ulep| SpoyIsN sdnoip u ylea| Alluno)y  uesp sioyiny

penunuo) z ajqey

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd

o
N
o
N
Te)
3]
©
i
0
-
©
—
™
n
©
c
=4
>
o
=
o
=]
c
o
©
o
e
c
w
©
c
o
=]
©
c
=
[}
2
c




Critical analysis of minimally access cavity

Silva et al.

‘uoljeslylubew o} pajeloosse

sem di} d]UOSEIN UBYM PIAISSUO

SEM 9DUBIBHIP OU ING ‘Yies} Jypel]

8y} Ul PAAIaSCO Sem uolledliubew oYUM
10 yum |eued Zg|Al 40 uonoslep Jaybiy

Vv Xade ay} wol} ww G pazi|esiuad aiow
uoinesedald ay} paujeuiew Jysuo) ‘sjeued
1e99NQO1SIP BY} U] "Yla8} JYSUO) 4O |eued
|elejed ay) e 1aybiy sem uoneuodsuel ]
*90UB]SISAI 94NJORIY PUB UOIIB|NWNDOE

Jvsuo) = JvpelL
:90ue)SISal ainjoeld ()
Jvpell <Qvsuo)
:uonjepodsued] (g)
Jysuo)
= DQyped] :uoie|nwnode
SHQap anssi} pieH ()

slugap ‘seale paledaiduou Jo suia} JVYSu0) = Jypel]  9duelsisal ainjoelq Jysuo) slejow
ul Jejiwis pawlopad JQypel] pue Jysuo) :sealse pasedaiduop (L) 1D-0401|Al ovpeil o€ 15| Alejjixey lizeag  LLOT ‘|e 3@ Janoy
*dnoub |043u00
oy} 01 Jejiwis aiom sdnoub |eyuawiiedxa
a3 JO S|9A8]| S$SaJ1Ss 8y} ‘Y1aa} palolsal
ay} u| "Jypetl ay3r ui paseasdul Ajpybis
21am s3salo |ewixold pue sdsno |ejejed MA’JVsuo)
9y} UO |9A9] ssaJl1g "yibBuauls aouelsisal Jysuo)
21njoeuy JO SWIL) Ul Ylea) Joejul pue MA’JVSu0) = Jysuo) v3ad Jvpell siejowaid lizeig
Jvped] 8yl o} Ajdejiwis pawaopad Jysuo) = Jypel] = |0JJU0)  dJuelsISal ainjoelq JoJuo)  ze 15| Aejixey /SN 6102 /e 18 ouadoy
*dnouB |0J1u09 By} ul
ueyl sdnoub |eyuswiadxa sy} uj Juanbauy ovenin
9I10W 8J9M S3INJOeIY 9](eI0ISAIUN "Y}oa) Jysuo)
SNOLIBOUOU Ul DRI PUB JYSUO) ueyl JVpel] <Jvedln  9duelsisal ainjoelq ovpell siejow
90UB)SISaI 94NJIR1Y JOMO| POMOYS JyPel] = JVYSuU0) = |04u0) 129D JoJuo) Q9L pue siejowald Aley  /1L0Zz /e 19 ounold
“QVYsuod yim
4199} Ul panlasqo alam sulaped ainjoely
9|qel01sal 910\ "Jypel] 0} pasedwod Jysuo)
SOIHABD || SSB|D YIIM U}ed] JO aouelsisal JvpelL slejow
ainoeuy ayl anosdwil 10U pIp JyYSuo) JVSU0) = Jyped] <|0Jlu0)  9duelISISal ainjoelq j011u0)  00L 1S| Jengipuey Aayun]  gL0z /e 18 YeunAzQ
‘wialsAs adeysnyl )
ay1 Buisn Jysuo)d yuM Y199} Jo Juawieallal
10} palinbai sem awil 810\ ‘SpPJIy}
9|ppIW pue [eUOIOD Y} 1B AISOW JySUuo)
2yl yum |era1ew Bul||ly ssa| paaowal
an|g XalOoA 3]14old ‘s|eualew Bul||iy
|le @Aowal 0} a|qe alam adeygnyl Jou Jvpell
an|g xalo/\ 9]1404d JayllaN "Jypes] ueyy <)QVSu0) :Juswieailal Jysuo) siejowaid
sjueuwal Bul||ly 810w Ul payNsal Jysuo) Jaye syueuwal Bulj|i4 Buruonoes 100y ovpelil 8y Je|nqipuey VSN 910z ‘e 38 1walN
sBuipulj urepy s)nsal ulep S LIETN sdnoig u y1ea | Aluno)  JueaA sloyiny

ponunuo) g a|qeL

o
N
o
13
o)
3]
©
&
-
©
-
()
o
©
c
=
>
o
3
L2
=
c
]
°
]
°
c
w
©
c
o
=
©
c
=
7]
-
c

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd



Critical analysis of minimally access cavity Silva et al.

‘Jyped] 0} pasedwod uoibai

|EOIAI9D BY] 1B SS8IlS Wnwixew ay) pue JVYSuo) <Jvypesl Jysuo) siejow
Aljiqeqoud ainjiey ayl paonpal Jysuo)d :SEaJe UOI1eJIUdIUOD SSaIIS v34d ovpell 8 1s| Asejixeln eulyd) 0zoz ‘Je 10 Buepp
*Jysuo) ueyl Buinunoo Jvpel] <Qysuo)
e11919BQ J9MO| %Z8 PAIMOYS Jypel] :eL19loeq Joy sajdwes
'sainpadsoud uodauIsIp 8y} pasiwoidwod anlsod jo saquinN (2)
1ng seaie |eued pasedaisdun Jo swial JVpel] = Jysuo) 1D-0J01A JYsuo) sJosioul AemiopN
ul Qypes] 0} Ajejiwis pawaopad Jysuo) :sease paledasdun (L) 4odb ovpell 29 Je|ngipuep /lizeag  0z0Z ‘|e 1o ed1dIA
‘uonesedaud
|eued Jaye sijeosey "3 JO UoIONpPal
ay1 Buipiebas subisap AliAed ssadoe JVYSuo) = Jyped| Jysuo) siejow ZRW|IA
U] U9aM]aQ PAAIaSUO SBM 82UBJI8)Ip ON :uononpal |elsloeg aimn) ovpell 08 1S| Je[nqgipuepy Aodyan]  0zoz B 1Iuayn]
oveln
= Jvyped] :8oueisisal
ainjoeuy (9) ‘Qypedl
<Qvean ewn
uoneisedaid (G) gypedl
Juawieal] 91UOpPopuUd <Qvealn :deqweyd
oy} wuopad o) pasinbas sawi pasealoul dind ay3 ul syueuwal
pue ‘uolleiniqo Jaye Jaquweyd dind () ‘ovean = ovpell
8y} 1e spueuwsal Buljjy aiow ‘uoiiesedasd :sBulj|i4 1004 Ul SPIOA (€)
J91JB UOI1B|INWNDJE SLIGep 8JOW Ul palnsal ‘Jvpel] <Qvean
1nq ‘Qyped] 01 paiedwod Y199l ay} Jo pale|nwindoe s1gap anssi}
@oue)sisal ainjoely ayl Jo Bu |eued 1004 piey (g) ‘Qvesln = JYPeJl  9duelsisal ainjoelq ovean siejowaid
Jo Aujenb ay1 asusnjjul Jou pip Jvesln :seale payonoun (L) 19-0101N Jvpell 0¢ Atejiixe|y |lzeag  0z0¢ ‘Ie 19 eAllS
*Qysuo) avean
pue Jypes] 01 paiedwod Yi1eal Jyedln JVell N <QVYsuo) = Jypes| Jysuo) slejow
ul Jamo| sem 8d0l110 ¢gINl JO uohdale(d :uonedo| adyio ¢gIN 1080 Jvpeil 09 1sL Asejiixepy Aaxinl  8LOZ ‘e 19 1|16Aeg
‘JvpeiL o1 Jvsuo)
pasedwod siejow Alejjixew jJo adueisisal ovpesl
ainjoel) 8yl paaosdwi Jou pIp JyYSuo) JVYSuU0) = Jypel] <|0Jluo) dduelsisal ainjoel4 joJluo) gy siejow Ase|ixe\ uel| \YSN  8L0C ‘e 1@ nages
JVPpeIL <JQYSSNi] <|0J1u0)
JvpelL 8yl :BuipAdowayy YU (z) avssniL
yum pasedwod yiael jo yibuauls ainjoedy JVPeI] <JQySSni] = |0JU0) ovpesl siejow
8yl pasealoul Qyssni] ‘ssalls |ewdayl Japun :BuijoAoowiayl INOYUAA (L)  @ouelsisal ainjoelq |o;uo) 09 Je|nqipuelp uel| 0z20¢C ‘Je 1@ usqes
sBuipuly uley synsal ulepy SpoylaN sdnoup u ylea| Apuno)  Jea A sioyiny

penunuo) g ajqel

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd

o
N
o
N
Te)
3]
©
i
0
-
©
—
™
n
©
c
=4
>
o
=
o
=]
c
o
©
o
e
c
w
©
c
o
=]
©
c
=
[}
2
c




Critical analysis of minimally access cavity

Silva et al.

*AlIARD SS800B BAIIRAISSUOD-BI}N ‘DyeII N ‘ANARD SS80E SSNU) ‘Qyssnu] ‘AlIABD ssa00€ |eu

IpeJ} ‘Qyped] ‘dejnoiped aull-lybiesis ‘Yis ‘uoneainy aul-ybiesls ‘41S ‘uoloeal

uleyd asesawAjod awiy-|eas aaleyuenb ‘Yod-b ‘Aydesbowol pamndwos-oloiw ‘| H-0101W ‘siejouwl Ale|[IXewWw 40 }00J [BIONCOISAW 8Y} JO |BUBD J0OOJ PUOISS ‘Zg|A ‘SISAjeue Juawala ajuly
‘34 ‘AlIARD SS900B PapuUdIXd ‘QyIXT [Y199] 101Ul ‘|0JIU0D) S||eM JUBBIBAID YIIM JYSU0) ‘AMA IVSU0) ‘AlIABD SSB00B 9AIIBAISSUOD ‘Qysuo) ‘Aydesbowol paindwod weaq auod ‘199D

'Jypes] o} pasedwod

‘AjoAnnoadsal ‘anssi} pley |euol09 Jo

%EVE PUB %G'Ey Pantasald Jysuo)

pue Jyelln ‘pasealoul anss|} |eluap

pJey jo |eaowal ay) se Jaybiy a1am uoibal
|EOIAIBD BY} Je SS81}S WnWIXew Jo s)ead

*UOI1BJIUBIUOD SSAUIS 8Y) padnpal Ing ovean
‘aunjuap JO peo| ainjoel) palewilsa ayl pue Jvean = [01uo) Jysuo)
juswinIIsul 913UOPOPUS dY} JO 84NJBAIND <JVpel]l = Jysuo) ovpel siejow
8y} pasealoul Jyedyn ‘Qyped) ol paredwo) seale UOI}eJluaduod ssallg V34 papuaix3 joJuoy 15| Aejixen euly) 6L02 ‘le 38 Bueyz
'Jypes] o} pasedwod
anssi} |ejusp piey |euonippe %09
1sow|e paAlasald Jysuo) ‘sadllIo |eued
ay1 Jo Juawabiejua ay) uo Juspuadap sem
pue 9oeINsS [ESN|900 3y} UO SBIIIARD 8y} JO
sulBiew ay) 1 pPaAIaSUO SeM UOIIBIIUSIUOD
ssalls 1saybiy ay| "Qyped| 01
paljedwod [9A8] [BDIAIBD BY] PUB UMOID Byl JVYsuo0) <Jvpetl Jysuo) siejow
1B UOIINQUISIP SS8JIS 8y} Padnpal Jysuo) seale UO[}eJluaduod ssallg vad ovpeil 9 1s| Je|ngipue|y eulyy 910z ‘e 18 ueni
sBuipuly urep S1|nsal uley| SpoyIaN sdnoip u ylea] Aluno)  uea sioyiny

panunuo) g sjqey

o
N
o
13
o)
3]
©
iy
o)
-
©
-
()
o
©
c
=
>
o
3
L2
=
c
]
°
]
°
c
w
©
c
o
=
©
c
=
7]
-
c

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd



Critical analysis of minimally access cavity Silva et al.

*Aydeabow ol paindwoo-o04o1w ‘] H-0101A ‘Aydesfow o)l paindwod weaq auod ‘1 Hg) ‘S||em JuabiaAIp yum Jys
-u0) ‘MA’IVSuU0) ‘ALIABD SS899B 9AIIBAISSUOD-BIYN ‘JyeIY N ‘ALARD $S809B SSNJY ‘JWSSNJ] ‘AJIABD SSBI0B DAIIBAIOSUOD ‘JySU0) ‘AlIABD SS890B |RUOINpPRI] ‘QyPeI] (Ylaa} 10.ejul ‘|0J1u0)

siejowaid
1D-0IN S9A S9A S9A - - - - ovean = JvpeiL Asefjixely (0202) ‘/e 19 eAllS
sie|o|\
4199} JO JuaWaINseaw |eulalxy SOA SOA SOA SOA - SOA —  JVypel] <Qyssni] <|0J1uo) Je|ngipuey (020Z) ‘e 12 1ages
sie|o|
41991 JO JuaWaINseaw |eulaixy - - - SOA - - —  DVSuo) = Jyped] <|ouo) Asejjixelp (8L02) ‘e 18 1neqes
sie|o|\
1D-0IN SAA S9A S9A - - - - JVsuo) = JvpelL Asefjixey (£102) "/e 18 Janoy
MA'IVSuU0) = Jysuo)  sitejowaud is|
41991 JO JuaWalNseaw |eulaixy SOA SOA SOA SOA - - - = Jyped] = |0J1u0) Asejixel\  (6102) /e 1@ ouadoy
Jvpell <Qvesn SIe|oN
4199} JO JuaWalINseaw [eulaixy SOA SOA SOA SOA - SOA - = JYSuo) = |0J1uU0) siejowald  (LL0Z) e 1@ ounold
sie|o|\
4199} JO JuaWaINseaw |eulaixy SOA SOA SOA SOA SOA - SOA  JVYSUO0) = Jypel] <|0Juo) Je|nqipuely  (8L0Z) e 1@ ¥ainAzQ
sie|o|\ )
Aydeuboipey SOA - SOA SOA - - —  DJYSu0) = Jypes] <|0Juo) Aejixey (9L02) /e 18 2100\
pauodai joN SOA SOA SOA - - - - Jvpel] <Qysuo) s1e|o\ (8L0Z) /e 18 neje
JVYSuo) = Jyped] = |041u0) slosiou|
JVpel] <JySuo) = |0Jlu0) sIe|o|\l
Aydeaboipey - - SOA SOA - - - Jvpell <Qysuo) = |041u0) siejowald (¥L0Z) e 18 ueyswuy)
siejowalid
4199} JO JudWaINSeaW [eulalxy SOA - SOA SOA SOA - —  DQYSuo0) = Jyped]| = |04u0) Je|ngipuey (£102) ‘e 18 Jjouen|
Y109} JO Juswainseaw JVYSSNI] = JyYsuo) SN (8L02) Je 19
leusaixa pue AydesBoipey SOA SOA SOA SOA SOA SOA - = Jyped| <|ouo) Je|ngipuey ouluasio)
pauodai joN SOA SOA SOA SOA - - —  JVYSuo0) = Jypel] = |011u0) slejowsald (L102) "/e 18 dnjy)
ovpeiL slejow jsi (6L02) /e 18
1249 SOA SOA SOA SOA SOA SOA SOA <QVyssni] = |011u0) Je|nqipuely eBeu|3-noqy
poylaw uo1199|9g  uoljesolsal  uoneinigo Buideys dnoib Alnes (NHEE) abe synsal ulepy| adAy yjoo] ERIVEIETEN|
yloo| leue) |eue) |0Jlu0) |esn|ooQ  peldedixe  ajdwes
Alysaiq

[399] JO 90UB)SISaT 9InjorIy o) uo uoneredord £)1aed SSP00E dAISBAUL A[[RWIUIW Jo douanyjul 9y Surrodal sarpnis Jo s[rejop [eo150[0poyIN € ajqel

© 2020 International Endodontic Journal. Published by John Wiley & Sons Ltd

o
N
o
N
Te)
3]
©
i
0
—
©
—
™
n
©
c
=4
>
o
=
o
=]
c
o
©
o
e
c
w
©
c
o
=]
©
c
=
[}
2
c




Silva et al. Critical analysis of minimally access cavity

access preparations remains a topic to be explored. Up
to now, studies have suggested a possible influence of
the cross-sectional canal shape on the outcome of fill-
ing procedures and difficulties in removing filling
material from the pulp chamber in teeth with mini-
mally invasive access cavities. Retreatment procedures
in the presence of a ConsAC took more time, whilst
instruments with asymmetric cutting motions seemed
to be more effective as other rotary instruments for
the removal of filling materials from oval-shaped
canals of single-rooted teeth with TradAC.

Influence of minimally invasive access preparation
on the fracture resistance of teeth

One of the most important conditions that contribute
to the susceptibility of a tooth to fracture includes the
removal of large amounts of sound dentine during
the endodontic and restorative procedures (Tamse
2006, Khan et al. 2015, Kishen, 2015). In this way,
the minimally invasive concept in endodontics was
founded on the premise that dentine conservation
during access cavity preparation was an essential
measure to maintain optimal strength, fracture resis-
tance and several other characteristics needed for the
long-term function and survival of root filled teeth
(Clark & Khademi 2010a). However, although it is
being adopted clinically by some dentists, the influ-
ence of minimally invasive access cavity preparation
on the fracture resistance of teeth has only limited
supporting evidence. In the literature, fourteen studies
evaluated the fracture resistance of extracted teeth
with  minimally invasive access preparations
(Table 3). Whilst in five studies (Krishan et al. 2014,
Plotino et al. 2017, Makati et al. 2018, Abou-Elnaga
et al. 2019, Saberi et al. 2020), the fracture resistance
of teeth with minimally invasive access preparations
were greater than TradAC, no difference was observed
in the other nine studies (Moore et al. 2016, Chlup
et al. 2017, Ivanoff et al. 2017, Rover et al. 2017,
Corsentino et al. 2018, Ozyiirek et al. 2018, Sabeti
et al. 2018, Roperto et al. 2019, Silva et al. 2020). It
is also possible that some methodological issues have
confounded the reliability of the results and explain at
least some of these variations.

Several risk factors may be involved in tooth frac-
ture including the morphology of the crown and the
root (Qian et al. 2013, Kang et al. 2016). Conse-
quently, sample selection based on the external and
internal anatomy of the teeth represents a critical step
for the accomplishment of validity of the results of
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fracture resistance tests. Within the 14 selected stud-
ies, two did not report how specimen selection was
performed (Chlup et al. 2017, Makati et al. 2018),
whilst most of them used only the external measure-
ment of the teeth and/or two-dimensional radiographs
for sample selection and allocation to the experimen-
tal groups (Krishan et al. 2014, Moore et al. 2016,
Ivanoff et al. 2017, Plotino et al. 2017, Corsentino
et al. 2018, Ozyiirek et al. 2018, Sabeti et al. 2018,
Roperto et al. 2019, Saberi et al. 2020). This lack of
anatomical matching of the samples is likely to com-
promise the internal validity of these studies and raise
questions regarding the trustworthiness of the results
(De-Deus et al. 2020). Even though it is yet to be pro-
ven, it is likely that the volume of the pulp chamber
and the thickness, height and/or volume of the
remaining tooth tissue would affect the fracture resis-
tance of teeth. These parameters can only be quanti-
fied using nondestructive three-dimensional imaging
tools such as CBCT or micro-CT technologies. In this
review, sample selection using these strict and more
accurate tools was performed in only three studies
(Rover et al. 2017, Abou-Elnaga et al. 2019, Silva
et al. 2020).

Tooth age is another important aspect in sample
selection; however, it is by far the most neglected
requirement in experiments published on this topic
(Versiani et al. 2015). Various studies agree that
aging negatively impacts tooth toughness and ductil-
ity by reducing the endurance limit of dentine (Arola
& Reprogel 2005, Kinney et al. 2005, Bajaj
et al. 2006, Nazari et al. 2009, Ivancik et al. 2012);
however, this parameter was not reported in most of
the included articles (Table 3). Also to be noted are
the extraction technique, conditions of storage and
sample pre-treatment that followed immediately after
tooth extraction. With the exception of Chlup et al.
(2017) and Roperto et al. (2019), all other studies
reported the time and medium used and storage con-
ditions to prevent tooth dehydration. However, none
of them reported the extraction technique used. Inter-
estingly, one study simulated the aging of the teeth
by thermocycling before the fracture resistance test
(Saberi et al. 2020). Authors reported that without
thermocycling, the fracture strength of teeth with
TradAC and TrussAC was similar to control teeth, but
when exposed to thermocycling, teeth with TradAC
had the lowest fracture resistance strength.

After selection of teeth using strict criteria, sample
preparation before the fracture test is another critical
step that may affect the outcome of experimental

International Endodontic Journal, 53, 1618-1635, 2020



Critical analysis of minimally access cavity Silva et al.

procedures. In four studies (Ivanoff et al. 2017, Cors-
entino et al. 2018, Ozyiirek et al. 2018, Abou-Elnaga
et al. 2019), various types of occlusal cavities were
prepared prior to access cavity preparation (Table 3)
aiming to simulate a common clinical scenario in
teeth that require root canal treatment. However, in
fact, this procedure introduced a confounding variable
to the test considering that cavity preparation for
restorations may reduce tooth stiffness by more than
60% (Reeh et al. 1989, Kishen, 2015). Unfortunately,
experiments using real teeth do not allow the stan-
dardization of the total volume of dentine removal or
the exact dimensions of a cavity amongst samples. In
other studies, root canals were not prepared (Sabeti
et al. 2018) or filled (Krishan et al. 2014, Moore
et al. 2016, Ivanoff et al. 2017, Sabeti et al. 2018),
and the crowns were not restored (Krishan
et al. 2014, Sabeti et al. 2018) before the fracture test
(Table 3). Even though the authors justified these
approaches to avoid adding confounding factors
related to these variables, it was not taken into con-
sideration that the dentine removed by the root canal
preparation would also affect the fracture resistance
of teeth (Tang et al. 2010), the root canal filling
might contribute to the re-establishment of the frac-
ture resistance of teeth (Sandikci & Kaptan 2014),
and the restoration of teeth can restore fracture resis-
tance to root filled teeth by approximately 80%
(Hamouda & Shehata 2011). As a result, conclusions
on the influence of access cavity preparation on tooth
strength drawn from these studies are at least ques-
tionable. One way to overcome most of the previously
mentioned drawbacks is by using an approach based
on a combination of virtual models and simulations,
the so-called finite element analysis method (FEA).
This method was used in four studies to evaluate the
stress concentration areas on standardized models
obtained from real teeth in which different types of
access cavities were simulated (Yuan et al. 2016,
Jiang et al 2018, Zhang et al. 2019, Wang
et al. 2020). Interestingly, all simulations showed lar-
ger stress concentration areas in the cervical region
of teeth with TradAC compared to ConsAC.

Summary

Most laboratory studies reported unsatisfactory results
with no scientific evidence demonstrating a real bene-
fit of minimally invasive access for improving the
fracture resistance of teeth. Future research must be
focused in overcoming the methodological drawbacks
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of existing studies in an attempt to mimic as much as
possible clinical conditions without adding confound-
ing factors to the experiment by matching samples
based on the age and 3D morphological dimensions
of teeth and also simulating oral masticatory function
and aging using mechanical and/or thermal cycling.
Besides, it would be also of benefit to test fracture
resistance by employing a combination of virtual 3D
models of teeth and surrounding tissues (finite ele-
ment analysis method) acquired by scanning real
cadaver bone blocks with micro-CT. Finally, clinical
trials would help to fill gaps on this knowledge since
patient-related factors such as bruxism, trauma, peri-
odontitis and antagonist teeth cannot be properly sim-
ulated in laboratory conditions. It is also essential
that clinicians who advocate a shift from conven-
tional access preparations should produce more than
empiricisms or trends based on case reports or posts
in social media, but real scientific-based clinical
knowledge.

Conclusions

The numerous acronyms proposed to identify new
minimally invasive access cavity preparations severely
compromised the comprehension and readability of
the articles, and new nomenclature based on self-ex-

plaining abbreviations is suggested. [EENSCHNENNG

BEBEEEEE On the other hand, although the
appraised studies had a wide range of methodological
flaws or reported unsatisfactory and/or inconclusive
results, performing ConsAC seemed not to affect sev-
eral clinical procedures related to root canal treat-
ment if performed under specific conditions, including
the use of 3D imaging technology, operating micro-
scope, high illumination, thin ultrasonic tips, irrigant
activation and flexible instruments. However, more
conservative access cavities, such as TrussAC and
UltraAC, negatively affected canal transportation and
irrigation procedures and are not recommended, par-
ticularly in teeth with necrotic pulps. Considering that
additional research is needed to provide robust and
conclusive evidence on all of these topics, it can be
concluded that there is a lack of supporting evidence
for the introduction of minimally invasive access cav-
ity preparation into routine clinical practice and/or
training of undergraduate and postgraduate students.
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