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Abstract
The effect of dental loupes magnification on the amount of tooth structure
removed during endodontic access cavity procedure
By
Mustafa Alagha

Introduction: Over the years, emphasis has been placed on minimally invasive endodontics, this
approach calls for the least amount of preparation of dental hard tissues. The interest and use of
magnifying loupes among dental practitioners and students appear to be growing and is thought to
help visualise tooth preparation. The influence of the use of loupes in tooth preparation and
evaluating the methods used to assess tooth tissue removal in endodontics is not fully understood
and would benefit from further research.

Aims: The first aim of this research was to evaluate methods used to investigate tooth tissue
removal after endodontic access cavity preparation. The second aim was to investigate the effect of
dental loupes magnification on the amount of tooth structure removed during the endodontic
access cavity procedure by undergraduate dental students.

Methodology:
The first part of this research project involved a review of the current literature related to the
subject.
The second part was focused on investigating alternative methods of evaluating the amount of tooth
tissue removal following endodontic access cavity preparation. This involved undertaking an in-vitro
study utilising Analytical Balance, an Optical scanner, and Cone Beam Computed Tomography (CBCT)
with 3D printed teeth.
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The next chapter is focused on a cross over randomised study conducted at Liverpool University
Dental Hospital (LUDH). Twenty undergraduate dental students, without previous experience using
magnification, were recruited from LUDH and split into two even groups of 10. A PowerPoint
presentation that included a video regarding the access cavity preparation and the use of
magnification loupes was presented to each group before conducting the study. The research took
place in a simulated clinical setting in which the first group of students prepared endodontic access
cavities in three 3D-printed teeth (1 mandibular 1st molar, 1 maxillary 1st premolar, and 1 maxillary
central incisor) utilising dental loupes at x3.5 magnification. The second group carried out
endodontic access on three 3D-printed teeth (1 mandibular 1st molar, 1 maxillary 1st premolar, and
1 maxillary central incisor), without using dental loupes. Cone-beam Computed tomography (CBCT)
and Analytical Balance were used to assess the endodontic access cavity preparations and generate
data for analysis.
The final chapter discusses the clinical implications and areas for future research resulting from this
project. The first study will inform future researchers on the various methods available to analyse the
amount of tooth tissue removal in restorative and endodontics. The outcome of the second study
could inform studies investigating the research question in other scenarios. Such as, the effect of other
forms of magnification, including prismatic loupes and an operative microscope on the amount of
tooth structure lost as a result of endodontic access cavity preparation. Furthermore, this can also be
investigated with more experienced operators, including general practitioners, postgraduate trainees
and qualified endodontic specialists.

Results: Within the limitations of this study, the first study showed that the analytical balance
method was able provide an accurate measurement in sub-milligrams, while Optical scanner and
CBCT were able to provide accurate volumetric data.
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The second study showed that magnification (loupes) does not seem to influence the amount of
tooth tissue removal during endodontic access cavity procedure by novice undergraduate students,
this could be attributed to; insufficient training on the use of loupes, the use of standardised type of
the loupes and students focused on the quality of the access cavity rather than the amount of tissue
removed.
There was no significant difference in the size of the access cavity among the loupe group and the
un-aided vision group.

Conclusion: The outcome of the study revealed that analytical balance, Optical scanner and CBCT
were able to quantify the amount of tooth tissue removal after endodontic access cavity. The use of
magnifying loupes does not appear to influence the amount of tooth tissue removal by novice
undergraduate students during the endodontic access cavity procedure and this may be due to
students requiring more training and experience before they start using the loupes. Furthermore,
there is no significant difference between the loupe group and the unaided vision group in the
extent of the outline form of the access cavity.
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Thesis Structure
The following is a brief overview of the subsequent chapters in this thesis, highlighting the main
objectives:

•

Chapter1: Introduction: This chapter presents the description of endodontics, traditional and
modern endodontic access cavity, and magnification in endodontics

•

Chapter 2: Literature review: This chapter includes a broad overview of scientific
perspectives and evidence on endodontics.

•

Chapter 3: First study: This chapter presents the study conducted to evaluate different
methods used to investigate tooth tissue removal after endodontic access cavity preparation.

•

Chapter 4: Second study: This chapter presents the study conducted to investigates the
effect of dental loupes on the amount of tooth structure removed during endodontic access
cavity procedure undertaken by undergraduate dental students.

•

Chapter 5: clinical implications and future research: This chapter discuss the clinical
implications and recommendations for future research
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Figure 1: Showing the Thesis structure
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1 Chapter 1: Introduction
Endodontic treatment consists of three equally important phases including canal preparation,
microbiological control, and three-dimensional obturation (AAE, 2010 ).
Access cavity preparation is the first clinical step in endodontic therapy and is a key step toward the
healing of pulpal and periapical infection (Moore et al., 2016), (Siqueira Jr and Rôças, 2008). Access
cavity preparation can be one of the most challenging and frustrating aspects of endodontic
treatment, but it is the key to successful treatment (Patel and Rhodes, 2007). It should allow
endodontists to remove obstructions in the pulp chamber, to locate all canal orifices and to clean the
entire root canal system with minimum coronal tooth structure removed. Improper access
preparation can lead to a multitude of subsequent treatment errors and ultimately case failure (Patel
and Rhodes, 2007), (Christie and Thompson, 1994), (Ingle, 1985). Good access cavity design and
preparation is therefore imperative for quality endodontic treatment, prevention of iatrogenic
problems, and prevention of endodontic failure(Patel and Rhodes, 2007).
Root filled teeth are generally associated with shorter survival in comparison to teeth with vital pulps
(Al-Nuaimi et al., 2017a). By far the most prevalent cause of extraction of root filled teeth is linked to
their restorability (Fuss et al., 1999), (Chen et al., 2008a).
It is clear that the residual structural integrity of the tooth is a key factor deciding prognosis as it
relates to the future function of the tooth after restoration (Tang et al., 2010), (Nagasiri and
Chitmongkolsuk, 2005). Maintaining strength and rigidity that resists structural deformation becomes
the accepted objective of all restorative procedures, especially in endodontics (Gluskin et al., 2014).
Different studies have shown that the preparation of endodontic access cavities decreases the
strength of the teeth due to deep and extended cavity preparations that decrease the amount of
dentine (Reeh et al., 1989), (Steagall et al., 1980).
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The designs of traditional endodontic cavities have remained almost unchanged for several decades
(Ingle, 1985), Thus traditional endodontic cavity preparation usually results in the removal of dentine
in order to explore the expected pulp chamber floor anatomy and canal openings. Additional
alterations to the tooth’s anatomy, such as preflaring the coronal aspect of the root canal, are usually
recommended to facilitate cleaning, shaping, and filling of the root canals (Leeb, 1983). Moreover, the
taper of endodontic instruments has moved from its traditional size of 0.02 to larger and even variable
designs, which increases the amount of radicular dentine removed during instrumentation (Buchanan,
2000). This approach was challenged by a radical access cavity design that was proposed in recent
years (Clark and Khademi, 2010a),(Clark and Khademi, 2010b). The new design of the access cavity
emphasized the preservation of pericervical dentine (about four mm above and below the alveolar
crest) and suggested that complete deroofing of the pulp chamber was not necessary (Neelakantan
et al., 2018).
It is important to realise that both the remaining (residual) dentine and the modification of the origin
al root canal geometry play a crucial role in the biomechanical responses of tooth structures to
functional forces (Kishen, 2006). The residual dentine frequently acts as a foundation for restorative
procedures following endodontic treatment (Ree and Schwartz, 2010),(Reeh et al., 1989). It is
therefore important to preserve the structure of coronal/radicular dentine and maintain the
morphology of the root canal anatomy, in order to preserve the mechanical integrity of endodontically
treated teeth (Kishen and Boveda, 2015).
New designs for endodontic access cavities, called conservative or contracted endodontic cavities,
have recently been proposed to reduce the removal of the tooth structure(Clark and Khademi, 2010a).
This conservative endodontic access could improve the fracture strength and long-term survival of
endodontically treated teeth and preserve more tooth structure (Clark and Khademi, 2010a, Clark and
Khademi, 2010b).
This design maintains the structural integrity of the peri-cervical area of the tooth (about four mm
above and below the alveolar crest) has been emphasised. Maintenance of the peri-cervical dentine
14

(PCD), is considered to be critical to their long-term survivability and optimum function(Clark and
Khademi, 2010a)
Following this, an extremely conservative approach has recently been developed, called the
ultraconservative endodontic access cavity which resembles conservative access however, the
chamber roof is maintained as much as possible (M, 2016). This concept aims to achieve minimally
invasive endodontics as well as that of minimally invasive dentistry.

There have been several suggestions on how to classify the amount of remaining sound coronal tooth
structure in root filled teeth. Some authors refer to the percentage of residual tooth structure without
defining how this percentage has been measured (Aurélio et al., 2016) Whilst others use more generic
terms such as ‘substantial’ or ‘minimal dentine height’ remaining (Creugers et al., 2005), limited loss
of coronal tooth structure in teeth with mesial or distal caries with cusp preservation (Mannocci et al.,
2002). However, there is no definitive classification nor method to classify and measure the amount
of remaining and removed tooth structure.

Recently, there has been an increased adoption of the use of magnification in dentistry, it has been
suggested magnification improves visualization, quality, and precision of treatment, thereby
improving treatment ergonomics (Das and Das, 2013). In 2012, the American Association of
Endodontists (AAE), published a position statement on the use of microscopes and other
magnification techniques in Endodontics, they recommend that the magnification can be utilised in;
locating hidden canals that have been obstructed by calcifications, removing materials such as solid
obturation materials (silver points and carrier-based materials), posts or separated instruments,
assisting in access preparation to avoid unnecessary destruction of mineralized tissue, repairing
biological and iatrogenic perforations, locating cracks and fractures that are neither visible to the
naked eye nor palpable with an endodontic explorer and facilitating all aspects of endodontic surgery,
particularly in root-end resection and placement of retrofilling material (AAE, 2012).
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Broadly, in dentistry, there are two types of optical magnification systems: loupes and surgical
operating microscopes. Loupes are the most common magnification system used in dentistry, they
consist of two monocular microscopes, with side by side lenses, angled to focus on an object to form
magnified images with stereoscopic properties that are created by the use of convergent lens systems.
There is a wide range of magnification available in loupes, from × 1.5 to × 10.
Many dental practitioners use magnifying loupes routinely for clinical work, and dental
undergraduates are also using them during their clinical training. Studies have suggested that loupes
increased student perception of the quality of their work (Branson et al., 2004), (Leknius and
Geissberger, 1995) and improved ergonomics during dental procedures (Branson et al., 2004), (Chang,
2002)
Other studies, however, showed only marginal and statistically insignificant improvements in student
performance when magnified vision was used (Donaldson et al., 1998),(Rucker et al., 1992). While the
use of magnification tools is a widely discussed topic among endodontists, the overall studies on this
subject are weak and there is no clear evidence that using magnification loupes or even operating
microscopes can result in a reduced amount of removal of tooth tissue during the preparation of the
endodontic access cavity.
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2 Chapter 2: Literature review

2.1 Introduction:
Endodontology is concerned with the study of the form, function, and health of, injuries to and
diseases of the dental pulp and periradicular region as well as their prevention and treatment the
principle disease being apical periodontitis caused by infection. Apical periodontitis is defined as an
inflammatory disorder of periradicular tissues caused by a persistent microbial infection within the
root canal system of the affected tooth (Sundqvist, 1976) (Kakehashi et al., 1965). Endodontic
treatment encompasses procedures that are designed to maintain the health of all or part of the
dental pulp. When the dental pulp is diseased or injured, treatment is aimed at preserving normal
periradicular tissues. When apical periodontitis has occurred treatment is aimed at restoring the
periradicular tissues to health: this is usually carried out by root canal treatment (Endodontology,
2006).
The history of Endodontics begins in the 17th century and since then, there have been numerous
advances and developments, and research has taken place.
In 1746, Pierre Fauchard described the removal of pulp tissue from the root canal. In the 18th century,
Leonard Koecker cauterized exposed pulp with a heated instrument and subsequently ‘protected’ it
with lead foil. Edwin Maynard a dentist from Washington, D.C. introduced the first root canal
instrument which he created by filing a watch spring. In 1847, Edwin Truman introduced gutta-percha
as a root filling material. At the end of the century, prosthetic restorations, including the Richmond or
Davis crown, became increasingly popular. Since they required the use of canal posts placed in root
canals in order to retain the crowns used to restore extensively damaged teeth, they created an evergreater need for endodontic therapy. In the 19th century, Dr Meyer L. Rhein, a physician and dentist
in New York, introduced a technique for determining canal length and level of obturation. At about
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the same time, G.V. Black suggested a measurement control to determine the length of the canal and
the size of the apical foramen, so that overfilling could be prevented. These are only some of the
important achievements of the pioneers of Endodontics, who made early advances, with undoubtedly
surprising results, considering their means and knowledge (Menzies, 1970). More recently, the
technological advances in instrumentation, optics, materials, and computer systems over the last few
decades have introduced new strategies and possibilities to the dental profession. Contemporary
research efforts are currently directed towards better understanding dentine behaviour and structure
during ageing and function. An alternative approach is to minimize structural changes during root
canal therapy, which may result in a new strategy that can be termed ‘minimally invasive endodontics.
(Gluskin et al., 2014)

2.2 What does endodontics involve?
Endodontics is the branch of dentistry concerned with the morphology, physiology, and pathology of
the human dental pulp and periarticular tissues. Its study and practice encompass the basic and clinical
sciences including the biology of the normal pulp and the etiology, diagnosis, prevention, and
treatment of diseases and injuries of the pulp and associated periradicular conditions (AAE, 2012)

Figure 2: Root canal anatomy (AAE.2012)
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Figure 3: Root canal treatment (AAE, 2012)

Endodontic treatment includes mechanical and chemical procedures such as preparation of the access
cavity and instrumentation, as well as chemicals used during the endodontic procedure, for example,
irrigation solutions such as Sodium hypochlorite (NaOCl), Ethylenediaminetetraacetic acid (EDTA), and
also intermediate dressing materials like Calcium hydroxide and sealers which may influence the
mechanical and physical properties of dentine. (Hülsmann, 2013, Moorer and Wesselink, 1982,
Stoward, 1975, Davies et al., 1993, Mannocci et al., 2008, Sayin et al., 2007, Grigoratos et al., 2001,
Sim et al., 2001, Marending et al., 2007).

2.2.1 Access cavity configuration:
Removal of the pulp tissue starts with an analysis of the anatomy of the tooth being treated and the
anatomy of the surrounding tissues. The shape of the pulp chamber is important because to some
extent it determines the form of the access cavity. For maxillary and mandibular central incisors and
laterals, the access cavity shape is an inverted-triangular shaped (Carrotte, 2004b), in maxillary and
mandibular canines and premolars the access cavity should be oval in shape. For 1st and 2nd maxillary
and mandibular posterior teeth, the shape of the access should be more trapezoidal (Foley, 1977,
Abella et al., 2012, Thomas et al., 1993). To remove the contents of the root canal system, the coronal
portion of the system, the pulp chamber and the radicular pulp should be identified, if access to the
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tooth is difﬁcult treatment may be compromised (AAE, 2010 ). Once accessibility has been conﬁrmed,
it is necessary to visualise the position of the pulp chamber. Rotation of the tooth, angulation and any
restoration relative to the roots should be evaluated (Patel and Rhodes, 2007). The location of the
cementoenamel junction and furcation should also be assessed as these landmarks help to
demonstrate the location of the level of the pulp ﬂoor and the position of the canal entrances. Krasner
and Rankow (2004) in a study of 500 pulp chambers, determined that the cementoenamel junction
was the crucial landmark for determining the position of pulp chambers and root canal oriﬁces. They
demonstrated that speciﬁc and consistent pulp chamber ﬂoor and wall anatomy exist and proposed
what they termed ‘laws’ intended to assist clinicians in identifying root canal morphology. There are
6 ‘laws’ described by Krasner and Rankow. These laws are:
1- Law of symmetry (1): which states that except for maxillary molars, the oriﬁces of the canals
are equidistant from a line drawn in a mesiodistal direction through the pulp chamber ﬂoor.
2-

Law of symmetry (2): which states that, except for maxillary molars, the oriﬁces of the canals
lie on a line perpendicular to a line drawn in a mesiodistal direction across the centre of the
ﬂoor of the pulp chamber.

3-

Law is for colour change: where the colour of the pulp chamber ﬂoor is always darker than
the walls.

4- Law of orifice location (1): the oriﬁces of the root canals are always positioned at the junction
of the walls and the ﬂoor.
5- Law of orifice location (2): the oriﬁces of the root canals are located at the angles in the ﬂoor–
wall junction.
6-

Law of oriﬁce location (3): the oriﬁces of the root canals are located at the terminus of the
root developmental fusion line.
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Figure 4:Laws of symmetry 1 and 2 and orifice locations 1,2 and 3 (Krasner and Rankow, 2004)

The above ‘laws’ were found to occur in 95% of the teeth investigated (Krasner and Rankow, 2004).
The size of the access cavity is initially influenced by the anatomical position of the orifices, the number
of root canal orifices in a tooth can never be known prior to the start of treatment (Patel and Rhodes,
2007). The access cavity must make the next steps easier and safer. It must, therefore, meet the
following requirements: allow the removal of all the chamber contents, enable complete, direct vision
of the floor of the pulp chamber and canal opening, facilitate insertion of canal instruments into the
root canal opening, provide straight-line access as direct as possible to the apical one-third of the canal
for preparation and canal filling instruments and provide good support for temporary restorations
(Castellucci, 2004).
There are different factors that might affect access cavity configuration, for example, the angulation
and any rotation of the tooth, effects of ageing and the consequences of restorative dentistry reducing
the pulp chamber volume due to the deposition of secondary dentine, pulp stones, other dystrophic
calciﬁcations, caries, failing restorations, trauma and tooth wear.
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2.2.2 Traditional vs. Conservative access
Many dental practitioners considered the endodontic access cavity preparation as an opening made
in the tooth where the pulp can be reached. This simplification has resulted in the loss of many teeth
as it’s the most common cause of inadequate root canal therapy (Janik, 1984). The main purpose of
access cavity preparation is to locate the root canal entrances for preparation and obturation of the
root canal system. A preoperative periapical radiograph of the tooth taken with a beam-aiming device
to ensure no image distortion and allow reproducibility should be studied, together with any relevant
bitewing radiographs. From the radiographs, the position, depth, size and shape of the pulp chamber,
number of roots, position of the pulp horns, the degree of curvature, and the presence of any lateral
canals can be analysed (Patel and Rhodes, 2007). Access cavity can be initiated with high-speed burs
to gain access and shape the cavity. A diamond or tungsten carbide tapered fissure bur is used for
primary penetration of the roof of the pulp chamber. Tungsten carbide or tapered safe-ended
diamond burs can then be used to remove the roof without damaging the floor of the pulp chamber
(Carrotte, 2004b). Once the canal entrances have been located, it may be necessary to modify the
shape of the access cavity to allow endodontic ﬁles to have ‘straight-line’ access into the coronal third
of the root canal. ‘Straight-line’ access will minimize the probability of iatrogenic problems such as
zips, elbows, and ledges, strip perforation and facilitates obturation procedures. Obviously, if the
access to the apical one-third is straight for instruments used in canal preparation, this will also be the
case for materials and instruments used for obturation of the root canal system. Traditionally, there
was a consensus that straight line access during endodontic access cavity preparation is mandatory,
(Patel and Rhodes, 2007), (Walton and Torabinejad, 2002), however, the necessity of straight line
access is now being challenged. Many endodontists emphasize the importance of preserving coronal
tooth structure by performing a conservative or ultraconservative endodontic access cavity
preparation. (Belograd, 2016, Plotino et al., 2017, Clark and Khademi, 2010a)
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Although these instruments are very ﬂexible, imperfect straight-line access may result in the ﬁles
distortion and subsequent separation (fracture) due to cyclic fatigue (Patel and Rhodes, 2007). The
Endo Z bur or a surgical length tapered diamond bur helps to create straight-line access to each orifice
(Ruddle, 2007).
The traditional endodontic cavity (TEC) designed for different tooth types have remained the same for
many years with few modifications. TEC includes removal of tooth structure beyond gaining access to
canal orifices to facilitate cleaning, shaping, and filling of root canals and to prevent procedural errors
(Patel and Rhodes, 2007, Ingle, 1985). Removal of tooth structure, coronal to the pulp chamber, along
with the chamber walls, and around canal orifices, may decrease the resistance of the tooth to fracture
under functional loads (Kishen, 2006, Tang et al., 2010). Fractures and possible subsequent extraction
of root-filled teeth have minimised the confidence of dentists and patients in the long-term benefits
of endodontic treatment (Clark and Khademi, 2010a, Tang et al., 2010). Consequently, the use of
traditional endodontic access cavity preparation has been questioned as it may lead to endodontic
failure.
Clark and Khademi in 2010 modified the endodontic cavity design to minimize tooth structure
removal. Instead of completely unroofed, coronally divergent, straight-line access to canal curvatures,
the conservative endodontic cavity (CEC) maintains some of the chamber roof and peri-cervical
dentine. The peri-cervical dentine is located 4 mm above the crestal bone and extending 4 mm apical
to the crestal bone. It acts as the “neck” of the tooth. It is important for two reasons: for ferrule and
to improve fracture resistance.
Conservative endodontic access could improve the fracture strength and long-term survival of
endodontically treated teeth, especially in posterior teeth (Clark and Khademi, 2010a, Clark and
Khademi, 2010b). A study by Krishan et al. 2014 assessed the impacts of CEC on the fracture resistance
of the tooth and instrumentation of canals on 3 teeth, by using extracted human intact maxillary
incisors, mandibular premolars, and molars and imaging the teeth with micro-computed tomographic
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imaging. The proportion of the untouched canal wall (UCW) and the dentine volume removed (DVR)
for each tooth type was analysed and the teeth are assigned to CEC and traditional endodontic cavity.
Minimal CECs were plotted on scanned images. Canals were prepared with Wave One instruments
and post-treatment micro-computed tomographic images obtained. They reported that CEC provided
conservation of coronal dentine in incisors, premolars, and molars and improved resistance to fracture
in molars and premolars, but it affects the efficacy of canal instrumentation in the distal canals of
molars (Krishan et al., 2014). In this study, the dentine volume removed, and the untouched canal wall
were assessed, the endodontic access cavity has been done without any sort of magnification.
Yuan et al. (2016) in a study aimed to compare the biomechanics on teeth after minimally invasive
(MI) preparation and straight-line (SL) preparation using finite element analysis. Six finite element
analysis models of a mandibular first molar were constructed and divided into two groups (MI and SL).
Two loads of 250 N, one vertically stimulating the vertical masticatory force and the other given 45°
to the longitudinal axis of the tooth, were applied. Stresses in the teeth were calculated and analysed,
they showed that CECs decreased the stress in the occlusal and cervical regions when this access
carried out in mandibular molars (Yuan et al., 2016). CECs are likely to be an advantage for patients,
but they challenge operators to find all canals, debride all pulp tissue from pulp horns, and prevent
procedural complications. Individually skilled dentists have met this challenge, advocating the
practicality of CEC (Clark and Khademi, 2010a). Recent research on CEC in 2017 reported that CECs did
not improve the fracture resistance of teeth compared with the ones prepared with TECs (Plotino et
al., 2017).
This CEC concept, although consistent with that of minimally invasive dentistry, is not yet well
supported by research data.
Following this concept, an extremely conservative approach has recently been developed, which is
termed an ultraconservative endodontic cavity(Belograd, 2016), which retains as much of the
chamber roof as possible. A recent research study compared in vitro the fracture strength of root-
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filled and restored teeth with the traditional endodontic cavity (TEC), conservative endodontic cavity
(CEC), or ultraconservative ‘‘endodontic cavity (NEC) access. In this study, extracted human intact
maxillary and mandibular premolars and molars were selected and assigned to control (intact teeth),
TEC, CEC, or NEC groups. Teeth in the TEC group were prepared following the principles of traditional
endodontic cavities. Minimal CECs and NECs were plotted on cone-beam computed tomographic
images. Then, the teeth were endodontically treated and restored. Specimens were then loaded to
fracture in a mechanical material testing machine. They found that teeth with traditional access cavity
showed lower fracture strength than the ones prepared with conventional endodontic access or
ultraconservative access cavity (Plotino et al., 2017). In this study, the endodontic access cavity was
prepared without magnification and they assessed the fracture strength of teeth using only the
mechanical material testing machine.
The results of the latter study are in agreement with reports that showed improved fracture strength
of teeth because of dentine preservation achieved by decreased cavity size (Assif et al., 2003, AL‐Omiri
and AL‐Wahadni, 2006). The benefits of conservative endodontic access cavity will include; increased
mechanical stability and fracture resistance, increased long term survival and function, while
conversely the conservative access cavity will jeopardise disinfection of pulp chamber (Neelakantan
et al., 2018), increase the risk of missed canals (Silva et al., 2019), increase the untouched canal walls
(Krishan et al., 2014)compromised irrigant penetration, needle wedging vapour lock (Kishen and
Boveda, 2015) and increase the time span of the treatment (Marchesan et al., 2018).

However, clinically, ultraconservative access cavity and conservative access can mainly be performed
on intact teeth that are going to be treated endodontically and is not representative of most clinical
scenarios. A novel method was proposed in 2015, described as the ‘Guided Endodontics’ technique,
this method allowed accurate access cavity preparation utilizing printed templates by matching CBCT
data with an intra-oral scan and allow to locate all root canal in the apical third. This method still needs
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further investigation (Zehnder et al., 2016). Maybe the aim of conservative cavity preparation should
be redesigned from “removal of as little tooth structure as possible” to “removal of as little as
necessary.” (Trope and Serota, 2016).
Recently, Ultrasonic instrumentation is starting to play an important role in the field of endodontics.
Ultrasonic instrumentation is used to remove pulp stones, trough along grooves to uncover hidden
orifices, remove obstructions and chase calcified canals. Importantly, Ultrasonic instrumentation
procedures are also used to refine and finish the access preparation (Ruddle, 2007). Following the
access cavity is mechanical instrumentation of the root canal system, which is considered as being one
of the most key procedures in root canal treatment (Schilder, 1974, Ruddle, 2002). It aims to prepare
the canal space to facilitate disinfection by irrigants and medicaments.
For many decades, the standard cutting instruments have been the reamer which is made from a
square or triangular blank, machine twisted into a spiral but with fewer cutting flutes, K-type file where
these instruments originally constructed from a square or triangular blank, machine twisted to form a
tight spiral and Hedstrom file which is machined from a round tapered blank. A spiral groove is cut
into the shank, producing a sharp blade (Carrotte, 2004b, Ruddle, 2007). These conventional
'standardized' instruments are constructed of steel. However, the evolution of nickel-titanium alloys
has transformed the use of hand instruments to automated root canal preparation. Most of these
instruments have different features for example radial lands which aid in keeping the instrument
centred in the canal, and a non-cutting tip to guide the instrument down the canal (Carrotte, 2004c).

2.2.3 Mechanical and Chemical procedures:

Following access cavity preparation the next step is mechanical instrumentation of the root canal
system, which is considered to be a key procedure in root canal treatment (Schilder, 1974, Ruddle,
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2002). It aims to prepare the canal space in order to facilitate subsequent disinfection by irrigants and
medicaments and also obturation. For many decades, the standard cutting instruments have been the
reamer which is made from a square or triangular blank, machine twisted into a spiral but with fewer
cutting flutes, K-type file where these instruments originally constructed from a square or triangular
blank, machine twisted to form a tight spiral and Hedstrom file which is machined from a round
tapered blank. A spiral groove is cut into the shank, producing a sharp blade (Carrotte, 2004a, Ruddle,
2007). These conventional 'standardized' instruments are constructed of steel. However, the
evolution of nickel-titanium alloys has transformed the use of hand instruments to automated root
canal preparation. Most of these instruments have different features for example radial lands which
aid in keeping the instrument centred in the canal, and a non-cutting tip to guide the instrument down
the canal (Carrotte, 2004c).
The canal preparation is one of the essential phases that eradicates infection. On the one hand,
satisfactory preparation of the cervical third allows direct access of the instrument within the canal,
therefore, decreasing possible complications during the biomechanical preparation, and aiding proper
penetration of irrigating solutions in the apical third of the root (Zamin et al., 2012).
On the other hand, the mechanical action of root canal instruments can significantly reduce the
strength of the root. There are contradictory reports regarding the use of manual and rotary
instruments. Liu and co-workers compared the occurrence of apical cracks after preparation with hand
and rotary instruments using digital images and stereomicroscopic examination and they reported
that rotary instruments caused more dentinal defects than hand instruments (Liu et al., 2013).
Another study by Bürklein et al. 2012 prepared 100 mandibular incisors with rotary and reciprocating
using stereomicroscope and images to evaluate cracks, reported that root canal preparation with both
reciprocating and rotary instruments resulted in dentinal defects at the apical part of the canals and,
reciprocating files produced significantly more incomplete dentinal cracks than full-sequence rotary
systems (Bürklein et al., 2013). It has been suggested that nickel-titanium instruments, due to their
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ﬂexibility in curved root canals, apply less stress onto the dentine than more rigid stainless-steel ﬁles
and remove dentine more circumferentially, thus preventing the creation of danger zones with
insufﬁcient remaining dentine thickness. A review in 2013 concluded that mechanical root canal
preparation could produce more forces resulting in dentinal defects, and even dentine fractures, in a
large number of cases, also the increased conicity of rotary nickel-titanium instruments may be a
major reason for the higher occurrence of dentinal defects following rotary preparation when
compared to manual preparation (Hülsmann, 2013).
Investigations have also focused on the impact of chemical factors such as irrigants and medicaments
on dentine. During preparation, the root canal should always be wet, with copious irrigation used
after each instrument. Sodium hypochlorite is the most effective root canal irrigant due to its
exceptional bactericidal and tissue-dissolving properties, and it is considered the primary irrigation for
use in endodontics (Moorer and Wesselink, 1982). The mode of action of sodium hypochlorite is based
on the action of free chlorine ions on microorganisms. This mechanism includes the disintegration of
long peptide chains and chlorination of the terminal protein groups of microorganisms (Stoward,
1975, Davies et al., 1993). The resultant degradation of the organic constituents of dentine by sodium
hypochlorite may alter the dentines mechanical properties (Mannocci et al., 2008). There is always
debate about the recommended amount of concentration of sodium hypochlorite that should be used
in endodontics. Sayin et al. (2007), found that sodium hypochlorite signiﬁcantly reduces the
microhardness of root canal dentine after only 5 min of immersion and may increase the risk of root
fracture (Sayin et al., 2007). Similar results have been obtained with exposure times between 15 min
to 2 hours with 3% or 5% concentration (Grigoratos et al., 2001).
A study by Sim et al. 2001 reported that 5.25% sodium hypochlorite when compared with saline
markedly reduced the flexural strength and elastic modulus of dentine (Sim et al., 2001). In another
in vitro study, exposure to 1% NaOCl for 1 hour did not signiﬁcantly decrease the elastic modulus or
ﬂexural strength of dentine bars, but immersion in 5% and 9% solutions reduced these values by half
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(Marending et al., 2007). Microhardness of the root dentine after irrigation with 2.5% or 6% NaOCl for
different time intervals (5, 10, 20 min) decreased signiﬁcantly. Both times of exposure and
concentration of the irrigants showed signiﬁcant effects (Slutzky-Goldberg et al., 2004). Hülsmann in
2013 concluded that exposure of dentine to sodium hypochlorite affects the organic components of
dentine and alters its mechanical and chemical and properties (ﬂexural strength, elasticity). These
effects are dependent on time and concentration (Hülsmann, 2013).
Another aspect that should be considered during instrumentation is the smear layer. A smear layer
always forms when a metallic endodontic instrument touches a mineralized dentine wall within a root
canal, it is composed of mineralized dentine as well as predentine, remnants of the pulp tissue,
bacteria, and bioﬁlm (Eick et al., 1970). The smear layer should be removed as it may contain microbial
cells and antigens and it may weaken the effects of disinfecting agents in dentine (Ørstavik and
Haapasalo, 1990). Chelator solution such as ethylenediaminetetra aceticacid (EDTA) has been
recommended for removal of smear layer (Zehnder et al., 2005). It was introduced into endodontics
as a chelating agent in 1957 by Birger Nygaard-Østby (Ostby, 1957). It was originally composed of the
disodium salt of Ethylenediaminetetraacetic acid, distilled water, and sodium hydroxide; later a
detergent was added to reduce the surface tension of the solution to, improve wetting ability onto
the root canal walls and the ability to penetrate the dentine (Hülsmann et al., 2003). Chelators are
used in two form liquids or in the paste. EDTA only affects the inorganic part of the dentine and smear
layer (hydroxyapatite) and complete removal of the smear layer can only be achieved when NaOCl has
been used before the final rinse with EDTA (Qian et al., 2011). A normal concentration of EDTA in
endodontic treatment, usually 15–17% (Hülsmann et al., 2003). Erosion of dentine which is deﬁned as
a loss of tooth substance by a chemical process without bacteria (endodontists, 2015), may be a result
of the dissolving action of irrigants. Severe erosion of the dentine was observed even after a short
exposure (2–3 min) to 15% EDTA followed by 6% NaOCl for 2–3 min (Uzunoglu et al., 2012). When
dentine specimens were irrigated with 17% EDTA, 17% EGTA, 10% citric acid, or 5.25% sodium
hypochlorite for different exposure times and in different sequences, the most significant erosion
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appeared when NaOCl(Qian et al., 2011) was used as the ﬁnal irrigant after irrigation with chelators.
Sayin et al (2007) reported that EDTA, when used alone or before sodium hypochlorite exposure,
caused a considerable decrease in dentine microhardness, even with an immersion time of only ﬁve
minutes (Sayin et al., 2007). Erosion was seen in inter- and peri-tubular dentine and the tubule oriﬁces
became irregularly enlarged and showed a rough appearance. When chelators were used as the ﬁnal
irrigants after irrigation with sodium hypochlorite, no erosion was detected and the root canal surface
presented as a smooth, non-porous intertubular surface (Hülsmann et al., 2003). Fracture resistance
of roots was signiﬁcantly decreased by chelators, 17% EDTA for 10 min and 1% NaOCl for 1 min used
in combination reduced fracture resistance from 598 N (controls) to 379 N. Lower concentrations of
EDTA (5%) and a shorter exposure time (1 min) resulted in less reduction (Uzunoglu et al., 2012). A
study by Eastman Dental Institute conducted to evaluate the effect of irrigation with 5% NaOCl alone
and in conjunction with 17% EDTA on tooth surface strain, and to analyse the inﬂuence of irrigation
time, root morphology and dentine thickness concluded that, irrigation with 5% with or without 17%
EDTA increased tooth surface strain. The increase was signiﬁcantly greater with 5% NaOCl alone than
with 5% NaOCl alternated with 17% EDTA in contrast to previous ﬁndings with longer duration of
irrigants exposure. Tooth length and mesio-distal root width signiﬁcantly contributed to the increase
in tooth surface strain (Sobhani et al., 2010). An ex vivo study evaluates the effect of EDTA, 17% EDTAC
17% and citric acid 10% for 1, 3 and 5 min on the microhardness of root dentine, concluded that
microhardness decreased with increasing time of application of chelating solutions, there were no
significant differences between initial microhardness for the three groups as well as after 1 min of
application of the substances. After 3 min, EDTA produced a significantly greater reduction in
microhardness. However, there was no significant difference between EDTA and EDTAC after 5 min.
Citric acid caused significantly less reduction in microhardness (De‐Deus et al., 2006).
Intracanal medications such as calcium hydroxide for a long time has been thought to increase the
possibility of removing pathogens from endodontic systems. Calcium Hydroxide is the most widely
used endodontic material and pulp capping agent (Yoshiba et al., 1994). It is also used as a short and
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long-term Intracanal dressing material and is present in some root canal sealers (Holland and de Souza,
1985). It remains the material of choice because of its excellent antibacterial activity and decreased
cytotoxicity to the peri-radicular tissues (Rosenberg et al., 2007). Cvek et al. 1992 have shown that the
long-term use of calcium hydroxide as a root canal medicament may increase susceptibility to root
fracture in traumatised anterior teeth (Cvek, 1992). Grigoratos et al. 2001 show a remarkable decrease
in the ﬂexural strength of dentine bars following a week-long exposure to calcium hydroxide
(Grigoratos et al., 2001). The weakening effect of calcium hydroxide is thought to be due to its high
pH, which may denature the carboxylate and phosphate groups leading to a collapse in the dentine
structure (Andreasen et al., 2002). A study on the effect of calcium hydroxide root ﬁlling on dentine
fracture strength reported that there is 23–43.9% decrease in micro tensile fracture strength of rootﬁlled teeth with the long-term use of calcium hydroxide (Rosenberg et al., 2007). According to
Andreasen et al. 2002 the incidence of cervical root fractures following long-term calcium hydroxide
treatment in the literature is around 60% (Andreasen et al., 2002)

2.2.4 Dentine ageing and dehydration

Studies have reported that another factor that might affect pulpless teeth is dehydration (Helfer et
al. 1972), they showed that there was 9 per cent less moisture in the calcified tissues of pulpless teeth
than in those of matching vital teeth (Helfer et al., 1972). However, others contradict this view as
Papa et al. 1994 reported that insigniﬁcant difference in the moisture content between endodontically
treated teeth and teeth with vital pulp (Papa et al., 1994). Dentine of endodontically treated teeth
shows a reduction in tubule diameter with increasing age because of deposition of minerals within the
lumens (Arola et al., 2009). As mineral and collagen are considered as the hard and strongest
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components of the tissue, respectively, an increase in brittleness and/or a reduction in fracture
resistance is to be expected with ageing (Kinney et al., 2001).
According to an assessment of the ﬂexural strength of coronal dentine, there is a decrease in strength
of almost 20 MPa per decade of life, and there is a 50% reduction in strength and a 75% reduction in
energy needed to fracture in old compared to young dentine (Arola and Reprogel, 2005). There is also
decrease in the fatigue crack growth resistance of dentine with ageing, the average rate of fatigue
crack growth in old tissue is 100 times greater than that of young dentine (Arola et al., 2009), so there
are undesirable changes in the fracture toughness of dentine that occur with increasing age.
Proprioceptive nerve fibres are present in dental pulp and these are responsive to stimuli other than
pain, such as touch and pressure (Pimenidis and Hinds, 1977). It is thought that proprioception is
reduced by 30% after endodontic treatment (Randow and Glantz, 1986) with a higher pain threshold
seen in non-vital teeth and therefore increased loading of non-vital teeth would be possible. However,
as a mechanism to save teeth from fracture, mechano–receptors are used to subconsciously restrict
the maximum biting force and consciously recognize hardness differences during chewing (VȦrlan et
al., 2009). Endodontically treated teeth can withstand a maximum bite force compared to natural
teeth, so it is able to regain a level of masticatory function like that seen in sound teeth (Woodmansey
et al., 2009).

2.3 The effects of endodontic treatment on teeth
Endodontic literature contains many references to the clinical perception that endodontic treatment
weakens the teeth, resulting in an increased likelihood of tooth fracture. In a review article, Tang et
al. (2010) showed that Post-endodontic tooth fractures might occur because of the loss of tooth
structure and induced stresses caused by endodontic and restorative procedures such as; access cavity
preparation, instrumentation and irrigation of the root canal, obturation of the instrumented root
canal, post-space preparation, post selection, and coronal restoration and from inappropriate
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selection of tooth abutments for prostheses (Tang et al., 2010). An article by Ree and Schwartz on the
endo-restorative interface showed that radicular and coronal tooth structure should be preserved to
the greatest possible extent during endodontic procedures, root canal preparations should attempt
to preserve dentine in the coronal one-third of the root and access preparations should be made in
such a way that cervical dentine is preserved to maximize the long-term restorative result and save
the tooth structure (Ree and Schwartz, 2010). In a study at King’s College London aimed to evaluate
the outcome of secondary root canal treatment (retreatment) on posterior teeth in relation to the
residual volume of coronal tooth structure, measured with an intraoral scanner, using peri-apical
radiography and cone beam computed tomography (CBCT), 137 posterior teeth in 121 patients were
assessed clinically and radiographically at baseline and 1 year after root canal retreatment. A clinical
impression was obtained for each tooth after completion of root canal retreatment before the
placement of the temporary restoration and following cast restoration placement to produce two
casts. All casts were scanned using an intraoral digital scanner and the three-dimensional volume of
remaining tooth structure calculated. They concluded that at 1-year follow-up, the percentage of
unfavourable outcomes of root canal retreated teeth was significantly higher when less than 30% of
the original tooth tissue structure was present at baseline (Al-Nuaimi et al., 2017a).
Criteria used for assessing success and failure of endodontic treatment are different. Outcomes were
evaluated either by radiographic changes, the function of the tooth involved and/or by the presence
of signs and symptoms. Another way to assess the outcome of endodontic therapy is the
epidemiological approach. These methods allow the analysis of large cohorts of the patient as well as
multiple treatment variables, providing dentists with more tools for clinical decision-making and
assessment of tooth prognosis and referred as tooth survival (Salehrabi and Rotstein, 2004).
Endodontic literature has included tooth survival as an outcome of endodontic treatment and this
has been described as the continued presence and painless function of an endodontically treated
tooth (Friedman and Mor, 2004). Two longitudinal studies in the United States, each with a long
follow-up period, have shown retention of endodontically treated teeth in the oral cavity of between
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94% and 97%, regardless of the aetiology, specific treatment technique, tooth type, or special patient
characteristics. They concluded that nonsurgical endodontic treatment is a predictable procedure with
an excellent long-term prognosis (Salehrabi and Rotstein, 2004, Lazarski et al., 2001). A research group
in Taiwan investigating 1,557,547 teeth during a 5-year period after nonsurgical endodontic treatment
found a retention rate in the oral cavity of more than 92.3% (Chen et al., 2008b). In a recent study
conducted in 2015 by a Scandinavian group 15,000 examined teeth, 420 teeth in 330 patients were
randomly selected from the database and included in the study, they showed that around 81.5 % of
teeth treated at a specialist clinic in endodontics survived at least for 10 years (Landys Boren et al.,
2015). In a systematic review conducted by Ng et al 2010 on tooth survival after nonsurgical root canal
treatment including 14 studies published between 1993 and 2007, the pooled proportion of teeth
surviving during 2–10 years ranged between 86% and 93% (Ng et al., 2010). In vitro study conducted
by Reeh et al in 1989 compared the contributions of endodontic and restorative procedures to the
loss of strength by using non-destructive occlusal loading on extracted intact maxillary second
premolars, suggested that loss of tooth structure is due to restorative procedures, rather than
endodontic procedures, he showed that the endodontic access cavity caused only 5% decrease in
tooth stiffness, this was less than that of an occlusal cavity preparation (20%), while mesio-occlusal
distal (MOD) preparation decreased stiffness by more than 60% (Reeh et al., 1989). The impact of
residual tooth structure and destruction under stress of endodontically treated teeth was investigated
in different research. It was concluded that an endodontic access cavity with MOD preparation
resulted in maximum tooth fragility. The cavity depth, isthmus width and configuration are then highly
critical factors in determining the reduction in tooth stiffness and risk of fracture (Kishen, 2006, Bader
et al., 2001). Finite element analysis (FEA) which is a numerical approach for analysing stress and
deformation in the structure of any given geometry also, has been applied to look into the degree to
which dentine thickness, the radius of root canal curvature, and external root morphology affect tooth
fracture susceptibility. Sathorn et al in 2005 conducted an in vitro study to determine the extent to
which canal size, the radius of curvature and proximal root concavity influence fracture susceptibility
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and pattern. A standardized cross-section of the mid-root region of a mandibular incisor was created
by averaging the dimensions of 10 extracted teeth, and then the basic finite element analysis (FEA)
model was created. He concluded that tooth fracture is unpredictable, and removal of dentine does
not always result in increased fracture susceptibility (Sathorn et al., 2005).
It is possible that the mechanical properties of the pulpless tooth are different from a counterpart
vital tooth but there is no absolute proof of this. The mechanical properties of human teeth are
determined by their structure and composition. The structure of teeth composed of enamel, dentine,
cementum and dental pulp, the first three of which constitute the hard tissue of the human tooth and
are characterised by unique mechanical properties. The mechanical properties of teeth include
elasticity, hardness, viscoelasticity, and fracture behaviour. Elasticity is a term used to describe the
characteristic in which a material changes when an external force is applied and how it then recovers
after the force is removed. Hardness is a measure of the hardness or softness of a material and also
represents the ability of a solid material to resist elastic deformation, plastic deformation, and
destruction, Viscoelasticity is used to characterize materials that exhibit both viscous and elastic
characteristics when an external force is applied. The fracture behaviour is used to study the strength
and crack growth of materials with crack-type defects (Zhang et al., 2014). An in vitro study used a
universal testing machine compared biomechanical properties (punch shear strength, toughness,
hardness, and load to fracture) of 23 endodontically treated teeth and their contralateral vital pairs.
The results indicate that teeth do not become more brittle after endodontic treatment (Sedgley and
Messer, 1992). Another study was dentine specimens obtained from 54 freshly extracted normal vital
human teeth and 24 treated human pulpless teeth. These specimens were subjected to different
experimental conditions (wet, air dried, desiccated, and rehydrated). Compression, indirect tensile,
and impact tests were conducted to measure the mechanical properties of those specimens. They
reported that the compressive and tensile strengths of dentine from pulpless teeth are not
significantly different from those of normal dentine (Huang et al., 1992). Fractures in endodontically
treated teeth have been accepted to be due to multiple factors in origin. It could be a result of
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chemical factor such as endodontic irrigants and medicaments, restorative procedures, tooth
structure loss, the effect of ageing, caries and anatomical position of the tooth (Kishen, 2006). An
examination of 8175 patients referred to a specialist endodontic practice over a 6 year period found
that the diagnosis of the cracked tooth was made in 9.7% of all teeth examined (Krell and Rivera,
2007). Another retrospective survey of 460 single-rooted and multi-rooted endodontically restored
teeth that had been functioning for at least 3 years and reviewed clinically and radiographically,
concluded that 3.7% had vertical root fractures (Morfis, 1990).
Different research reported that the preparation of endodontic access cavities reduces the strength
of the teeth, because of deep and extended cavity preparations which minimize the amount of dentine
(Reeh et al., 1989, Steagall et al., 1980). The remaining structural integrity of the tooth is a key factor
that determines success as it relates to the future function of the tooth after restoration (Tang et al.,
2010). The importance of conserving the bulk of dentine was revealed in maintaining the structural
integrity and in the prognosis of endodontically restored teeth (Ree and Schwartz, 2010), as the
fracture resistance and stress distribution of endodontically treated teeth is directly affected by the
quantity of residual coronal dentine (Reeh et al., 1989). Increased tooth resistance to fracture can be
accomplished by a larger amount of residual hard dental tissue(Sorensen and Engelman, 1990), and
by preserving and maintaining cervical tissue to create the ferrule effect (Al-Wahadni and Gutteridge,
2002), which is a 360-metal collar of the crown surrounding the parallel walls of the dentine extending
coronally to the shoulder of the preparation. To maintain the restored endodontically treated tooth,
a minimal 1.5mm ferrule is considered to be required in anterior teeth (Sorensen and Engelman,
1990).
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2.4 Methods of assessing tooth tissue removal:

There are several techniques that have been used to measure the amount of tooth structure removed
by tooth preparation, including a physical cross-sectional method widely used by many researchers.
However, this was a destructive technique which was criticised as the researcher is required to
produce sectioned teeth or thin sections of teeth leading to loss of experimental samples. (Swain and
Xue, 2009). Murphy et al. (2009) attempted to assess both the thickness to height ratio and volume
of remaining coronal tooth structure using a laser profilometer scanner and apply a tooth restorability
index (TRI). The authors in this study blocked undercuts of dentine walls with a siloxane impression
material to overcome the inability of a laser profilometer to scan these undercuts (Murphy et al.,
2009). This measurement method is therefore inaccurate as it was not able to scan the dentine
undercuts and its ability to predict endodontic outcome has not been proven in clinical trials.
Recently, other methods have been used in order to assess the amount of tooth tissue removal by
tooth preparation such as: analytical balance, optical scanners and micro computed tomography.
(Edelhoff and Sorensen, 2002), (Al-Nuaimi et al., 2017a), (Hussain et al., 2007), (Neelakantan et al.,
2018), (Moore et al., 2016). To the best of our knowledge no study used CBCT to evaluate the amount
of tooth tissue removal during endodontic access cavity.

2.4.1 Analytical balance (Gravimetric)
One of the methods for measurement of removed tooth structure is weighing the teeth before and
after endodontic access cavity. An analytical balance (often called a "laboratory balance") is a class of
balance designed to measure small mass in the sub-milligram range. There is not enough data in the
restorative literature about the principle of operation of an analytical balance. What follows here is a
brief explanation about the analytical balance. The measuring pan of an analytical balance (0.1 mg or
better) is inside a transparent enclosure with doors so that dust does not collect and so any air currents
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in the room do not affect the balance's operation. The balance will not give a stable reading if the
sliding doors are open because of air currents. A vibration-free, flat and horizontal surface is required
for proper operation of such balances, usually a free-standing table with a marble surface plate. It is
simple and easy method. Electronic laboratory balances work on the principle of magnetic force
restoration. In this system, the force exerted by the object being weighed is lifted by an electromagnet.
A detector measures the current required to oppose the downward motion of the weight in the
magnetic field. (Morse and Baer, 2015). An In vitro study at Eastman Dental Hospital aimed to measure
and compare the mass of tissue structure removed from incisor and canine teeth following successive
preparations used the digital analytical balance to measure the baseline mass for each tooth in grams,
In this study twenty-two intact, disease- and restoration-free teeth were collected from consenting
patients undergoing dental extractions at Eastman Dental Hospital. The teeth were stored in 4%
formaldehyde saline and successively prepared for an access opening (AC), endodontic
instrumentation (EI), porcelain laminate veneer (PV), metal-ceramic (MC) crown, and post-and-core
(PC) preparations. The baseline mass for each tooth was measured and recorded in grams, at baseline,
and after each preparation, on a digital analytical balance. They concluded that mean percentage of
removed tooth tissue increased successively from EI, AC, PC, and PV preparation, with the greatest
change from the previous procedure occurring for MC crown preparation (Hussain et al., 2007). In this
study, the digital analytical balance was the only method used to measure the amount of tooth tissue
removed. Another study was conducted by a German group to quantify and compare the amount of
tooth structure removed when various innovative and conventional tooth preparations designs were
completed. In this study, the amount of coronal tooth structure removed was measured with
gravimetric analysis. Tooth preparations for porcelain laminate veneers and resin-bonded prostheses
required approximately one-quarter to one-half the amount of tooth reduction of conventional
complete-coverage crowns. (Edelhoff and Sorensen, 2002).
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2.4.2 Optical scanner

Computer-aided design (CAD)/computeraided manufacturing (CAM) is a field of dentistry and
prosthodontics using CAD/CAM to improve the design and creation of dental restorations, especially
dental prostheses, including crowns, veneers, inlays and onlays, fixed bridges, dental implant
restorations, dentures (removable or fixed), and orthodontic appliances.
The CAD/CAM systems are classified into laboratory systems and chairside systems. In this study, a
laboratory system was used. CAD/CAM can be further classified into open and closed systems (Tapie
et al., 2015). The laboratory CAD systems must always be an open system because after acquiring the
data and designing the restoration, the data has to be stored in an STL file (STereoLithography or
Standard Tessellation Language). (Zimmermanna et al., 2015). All CAD/CAM systems consist of three
components: A digitalisation tool/scanner that transforms geometry into digital data that can be
processed by the computer, software that processes data and, depending on the application, produces
a data set for the product to be fabricated and a production technology (a computerized milling
device), that transforms the data set into the desired product. The first two parts of the system play
roles in the CAD phase, while the third is responsible for the CAM phase (Beuer et al., 2008a).
Basically, there are two different scanning possibilities: optical scanners and mechanical scanners.
There are various types of optical scanners available, which may be used as Intraoral scanning which
means they work in a dental office, while the extraoral methods are mainly related to laboratory work
which can scan a die or cast in the laboratory. Al-Nuaimi et al (2017) used an intraoral digital scanner
to measure the mass of tooth tissue removal in his study which aimed to evaluate the outcome of
secondary root canal treatment (retreatment) on posterior teeth in relation to the residual volume of
coronal tooth structure. After re-root canal treatment had been completed, an impression was taken
before and after crown placement. The impressions were poured, and all casts were digitalised to
generate 3D sets. All these data sets were imported into a software for superimposition. Once the
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superimposition was performed the differences in the volume of remaining coronal tooth structure
between these two data sets were computed to obtain the percentage of remaining coronal tooth
structure and they concluded that at 1-year follow-up, the percentage of unfavourable outcomes of
root canal retreated teeth was significantly higher when less than 30% of the original tooth tissue
structure was present at baseline (Al-Nuaimi et al., 2017a). Optical scanners are usually used
extensively in prosthodontic research

2.4.3 CBCT
Cone Beam Computed Tomography (CBCT) is a diagnostic imaging modality that provides high-quality,
accurate three-dimensional (3D) representations of the osseous elements of the maxillofacial
skeleton(Scarfe et al., 2009). CBCT scanners are based on volumetric tomography, using a 2D extended
digital array providing an area detector. This is combined with a 3D x-ray beam. The CBCT hardware
consists of an X-ray source and detector, or sensor, mounted on a rotating gantry. During imaging, a
cone-shaped X-ray beam is emitted from the X-ray source and is directed through the area of interest
in the patient’s maxillofacial skeleton. Having passed through the area of interest, the beam is
projected on to the X-ray detector, as both it and the X-ray source rotate synchronously 180°-360°
around the patient’s head, in a single sweep. The scan time typically ranges from 10-40 second,
depending on the equipment and exposure parameters employed. During the exposure sequence,
hundreds of basis images (projection images) of the area of interest are acquired (Durack and Patel,
2012). The projection images are then reconstructed, using sophisticated software, to produce a
cylindrical or spherical volume of data, called the field of view (FOV).
Each projection image is comprised of up to and in excess of 216,124 (512 x 512) pixels. The
reconstructed, three-dimensional data set will comprise 5123 three dimensional pixels, or voxels
(Patel, 2009). Reconstructed CBCT images can be displayed in a variety of ways. A commonly used
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option is for the images of the area of interest to be displayed, simultaneously, in the three orthogonal
planes (axial, sagittal and coronal), affording the clinician a truly three-dimensional view of the area
of interest.
The use of CBCT technology in clinical practice provides a number of potential advantages; as image
accuracy, rapid scan time, reduced image artefact (Scarfe et al., 2006)and the production of threedimensional images allow for a comprehensive appreciation of the anatomy. As well as this, slices of
the volumetric data can be chosen by the clinician and anatomical noise can be easily eliminated
(Scarfe and Farman, 2008). On the other hand, there are some disadvantages of CBCT, a significant
issue that can affect the image quality and diagnostic accuracy of CBCT images is the scatter and beam
hardening artefacts caused by high-density adjacent structures, such as enamel, and radiopaque
materials such as metal posts, restorations and root filling materials (Mora et al., 2007). These
artefacts can reduce the diagnostic yield of the images (Lofthag-Hansen et al., 2007). CBCT has several
applications in the field of endodontics, it can be used for detection of periapical periodontitis,
assessment of potential surgical sites, assessment, and management of dental trauma, assessment of
canal morphology and anatomy, diagnosis, assessment and management of root resorption and
assessment of the outcome of endodontic treatment (Patel, 2009)

2.5 Magnification
Dentistry is becoming increasingly dependent on new techniques to give patients the high standard
of care they expect. Dentists performing endodontic treatment should develop new skills including
working with new materials, increased magnification and lighting for better vision of the pulp space.
The concept of minimally invasive endodontics has developed as a result of our increased desire to
conserve tooth structure such as dentine and preserve its’ mechanical properties together with the
increasing use and the evolution of new endodontic instrumentation. One way of enhancing the
performance of a clinician is to improve visualisation by facilitating eyesight, which is considered very
important in dentistry. However, fewer than 10% of dentists try to improve visualisation through the
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use of magnification, even though dentistry is a visually demanding job (Forgie et al., 1999). In 1978,
Dr Apotheker and Dr Jako introduced the concept of magnification, in the form of an operating
microscope, into dentistry. They concluded that the improvements in visual acuity, made possible
using the operating microscope, would be beneficial to the discipline of endodontics (Apotheker and
Jako, 1981). In the late 1980s, endodontist Dr. Gary Carr concluded that the magnification and
illumination made possible with the microscope could be beneficial to endodontists and started
promoting the usage of the dental operating microscope (DOM) as an important component of the
armamentarium used in the improvement of outcomes of endodontic apical surgeries (Das and Das,
2013). There are four magniﬁcation systems used in dentistry: simple magnifying glasses in spectacle
frames, hinged magniﬁers that can be attached to either spectacle frames or worn attached to a
headband, multiple lens systems commonly called loupes or surgical telescopes and the operating
microscope (Forgie et al., 1999). There are five basic benefits derived from using DOM in
endodontics; including; increased visualization, enhanced ergonomics, precision of treatment, ease
of proper digital documentation and effective communication ability through integrated video (van
As, 2007).
On the other hand, there are some disadvantages of magnification, especially in the initial phase, the
most important one is the need for training. Friedman et al. 1998 concluded that the learning curve
of the operating microscope could be lengthy and difficult (Friedman et al., 1999). Other
disadvantages include the relatively high cost of the equipment and instruments (Moura Jr, 2009).
There are some clinical procedures in which the use of magnification is of little benefit, for example,
denture work, orthodontics, and shade matching. Working with magnification has become a widely
accepted practice in non-surgical and surgical endodontics. Besides increasing the accuracy of the
endodontic procedure, these devices are suggested to improve diagnosis because of better
visualization of the treatment ﬁeld. For example, they allow determination of the presence of
isthmuses, accessory canals or micro-fractures of the root, which are otherwise difﬁcult to recognize
and treat (Del Fabbro et al., 2015). The use of well-focused illumination and magniﬁcation devices was
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recommended as a standard of care in endodontic therapy (Hargreaves and Berman, 2015, Kim and
Kratchman, 2006). Different factors should be considered before choosing magnification, for example,
a working distance which is the distance, at which the optics of a loupe are sharply focused. To be able
to work effectively and comfortably for long periods of time it is important that the patient's mouth is
positioned at a distance which the dentist finds acceptable (Forgie et al., 2001). This working distance
is between 28 cm for dental students to 36 cm for clinicians over 45 years. Another factor is the field
of view, which is defined as the area that can be seen under magnification. As the level of
magnification increases, the area that can be seen decreased. Magnification levels of x3 to x4 and less
will provide an acceptable field of view to allow easy orientation, with the main problem encountered
is the insertion of instruments into the field of view. This problem can be eliminated by close fourhanded dentistry or by looking over the top of the magnification devices during entry of the
instrument. Also, depth of view which is the range over which the image remains sharply focused as
with field of view, the depth of field (focus) decreases as the power of magnification increases. This
means that in some high-magnification systems even a small head movement will lead to losing focus
(Burton and Bridgman, 1991).
Optical magnification has expanded the horizons of endodontics. The improvement of visual acuity
through optical magnification is becoming a part of modern dental practice. The most important
benefits when using an operating microscope are an excellent visualization of the operating field,
greater illumination, and magnification, less iatrogenic occurrences, relaxed upright ergonomics.
Different research on Operating microscopes OM has been conducted last few years. Park et al. 2014
conducted a study to examine the effect of the access size and straight-line path of access on thirdyear dental students’ ability to locate a second mesiobuccal (MB2) canal in maxillary first and second
molars. One hundred and six third-year dental students at one Faculty of Dentistry performed
simulated root canal treatment with the aid of 2x magnification loupes on extracted teeth. A
postgraduate endodontic student subsequently made a reasonable search for an untreated MB2 canal
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with the aid of a dental operating microscope. The mesiobuccal roots were then sectioned horizontally
for determination of the canal configuration. The dental students were able to treat an MB2 canal in
15.8 per cent of the teeth, but this was not associated with satisfactory access criteria. The
postgraduate endodontic student identified an MB2 canal in 54.7 per cent of the remaining tooth
samples excluding those where the MB2 canal was found by the dental students, this represented
94.3 per cent of those teeth confirmed by horizontal sectioning of the root to have an MB2 canal. It
was concluded that a predoctoral endodontic curriculum in a dental school might need to consider
multiple approaches to facilitate students’ ability to search for and treat difficult root canal anatomy
thoroughly (Park et al., 2014). Another study on the benefits of operating microscopes aimed to
determine whether using the OM would improve students’ performance in endodontic access cavity
preparation and canal identification. In this research, thirty-six dental students prepared access
cavities and located canals in extracted maxillary molars, before and after training, they then divided
the students into three groups. The standard group received a lecture and practice in preparation of
access cavities. The microscope group received identical instruction using the OM. The control group
received lectures only. All groups received equal content and instruction time (2 hr 20 min).
Endodontic teaching staff graded preparations according to a globally validated, multidimensional 5point rating scale. They subdivided the access cavity preparation into 3 dimensions: outline form,
cavity walls, and cavity floor. Each dimension was graded on a 5-point scale from 1 (poor quality) to 5
(excellent quality). The microscope group improved significantly in their access cavity preparations
and also significantly outperformed both the standard and control groups in the accuracy of
identifying canals. They concluded that use of the OM significantly improved student’s ability to find
canals and positively impacted the quality of access cavity preparation (Rampado et al., 2004)..
Rubinstein R and Kim S in 1999 demonstrated one-year healing rates of endodontic surgery performed
under the surgical operating microscope in conjunction the with the microsurgical technique was 96.8
per cent (Rubinstein and Kim, 1999).
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Another magnification system is loupes or surgical telescopic, which is a multiple lens system involving
a compound lens system either in line, using the Galilean concept or via a system of prisms (Forgie,
2001). Many dental practitioners use magnifying loupes instead of OM for their clinical work, and
dental undergraduates are increasingly wearing them during their training (Forgie et al., 1999). Pace
SL et al. 2005 described two forms of loupes, the flip-up loupe which is mounted on a bracket and
attached to the frame of the eyeglasses, the attachment may be either a single hinge or a vertical
attachment hinge, and these can be flipped up when it is not in use. The other one is through-the-lens
(TTL) loupes, which are less bulky and more aesthetically pleasing. TTL loupes are also called fixed
telescopes (Pace and II, 2005). Prism loupes are the most advanced type of loupe magnification
available today. They are low-power telescopes that use refractive prisms. Prism loupes give better
magnification, larger fields of view, wider depths of field, and longer working distances than other
types of loupes (Arora, 2016). The advantage of both systems is that working distance can be
controlled, the optical quality of the lenses tends to be higher, and magnification levels can be greater,
generally up to x6 magnification.
A survey to determine the extent of the use of loupes among dental trainers and trainees in Scotland
in order to quantify the level of the use of magnification in general dental practice in Scotland and
second, to determine the current and potential areas of clinical use of magnification by general dental
practitioners. A questionnaire was sent to all general dental practitioners in Scotland. The
questionnaire asked the practitioners about their experience of magnification and their opinions on
possible areas for clinical use. The survey lead them to the conclusion that the need for loupes in
dental practices is justified not only to improve the quality of work but also to enhance the ergonomics
of dental trainers and trainees (Forgie et al., 1999). In a later publication by the same author into
restoration removal both with and without the aid of magnification, two clinicians with no previous
experience in the use of magnification and 2 clinicians with experience of magnifying loupes took
part in a cavity preparation study. The two novice’s clinician were removed 12 class 1 composite
restorations from natural teeth on models, using unaided vision or 2.6 magnification. They concluded
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that there was a significant change in cavity size during removal of class I composite fillings, with both
unaided vision and 2.6 magnifying loupes, the range in cavity size change was large for both
approaches, however, the use of 2.6 magnification resulted in a decrease in cavity size compared with
unaided vision (Forgie et al., 2001). After preparation the cavities were photographed and their outline
was digitized from the prints into a drawing and analysis package, and the area of each cavity was
measured. (Forgie et al., 2001)
Whitehead and Wilson in 1992, conducted an in vitro experimental study to investigate the influence
of the use of x 3 magnification loupe aids on decision-making behaviour. In this study one hundred
extracted premolar and molar teeth selected for the investigation. Fifty of the teeth selected
contained moderate to large dental amalgam restorations placed prior to extraction. The remaining
50 teeth were unrestored but displayed staining of the fissure systems. Four teachers of restorative
dentistry were required to examine the teeth and reach one of the following decisions in each case;
operative intervention with restoration of the intact tooth and replacement of the existing restoration
(restore) , the second decision is that the tooth surface and restoration is acceptable (leave) or thirdly,
that no operative intervention is required at this recall but special attention to be paid to this surface
at subsequent recall visits (defer). They reported that restorative decision-making behaviour was
modified when magnification was used, with an increase in the number of restorations planned for
replacement and an increase in the number of teeth surfaces planned for restoration (Whitehead and
Wilson, 1992).
Conversely, Donaldson and co-workers conducted a study to determine if magnification had a positive
effect on student amalgam preparation on paediatric clinics. Fifty-two third-year students were
randomly assigned to experimental (magnification) or control (no magnification) groups. Members of
the experimental group used magnification in their daily work in the paediatric dentistry clinic, they
concluded that there was no significant difference when undergraduates wore magnifying loupes for
a trial period in the clinic of paediatric dentistry (Donaldson et al., 1998). Although the use of
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magniﬁcation devices is a widely discussed issue amongst endodontists, the overall studies regarding
this topic are poor, and there is no clear evidence that the use of magnification loupes or even
operating microscope would lead to a reduced amount of tooth tissue removal during endodontic
access cavity preparation.

2.6 Training
Dental education was previously structured in such a way that students largely learned what the
instructor chose to teach them. This traditional approach was mainly disciplined-based. Nowadays,
the current trend is towards competency-based education, which provides a sequence of defined
learning outcomes to students so that upon graduation they may be considered as qualified beginners
in dental practice (Yip and Smales, 2000). Generally, many researchers identify five stages in the
development of the dental student. The novice is the most primitive of learners, heavily dependent
on the teacher for structuring tasks and the methods used to perform them. In dental education,
students in their first two years are novices. From the midpoint to very nearly the end of formal dental
education, students are considered as beginners. Beginners are slightly more accurate and faster than
novices (Chambers and Eng Jr, 1994). Competence is the third stage of professional growth and is
marked by independence, supported by basic internalized standards and an acceptable repertoire of
skills and knowledge. This is when students are ready for graduation. The next level of growth is called
proficiency, and this includes a further reorganisation of what is known and what can be accomplished
and an active experimentation with matching one’s interests and skill set to alternative environments.
The final stage is called mastery or expertise, it is only reached after years of dental practice has
permitted the dentist to go beyond the technical aspects of the profession and integrate his or her
efforts around patient care (Chambers, 1998). Competence in dental practice combine appropriate
supporting knowledge and professional attitudes, and they are performed reliably in natural settings
without assistance (Chi, 2014). Most of the research did not include the area of training students or
dentists and the level of competency before conducting an experiment. A study by Rampad et al. 2004
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on the benefit of the operating microscope for access cavity preparation by novice’s undergraduate
students, they divide the student into 3 groups, the standard group received a lecture and practice in
preparation of access cavities, the microscope group received identical instruction using the OM and
he control group received lectures only. All groups received equal content and instruction time around
2 hrs 29 minutes, a standardized 20-minute slide presentation on tooth anatomy and access cavity
preparation followed by OM training consisting of a 10-minute slide presentation and 35-minute
hands-on instruction, then further instruction consisting of 2 exercises, discriminative learning
instruction and operative skills development, but there is no clear data on the level of competency of
dental student (Rampado et al., 2004). Another study by Park et al. 2014 investigated the identification
of second mesiobuccal canal by students using loupes without control, where third-year dental
students performed root canal treatment on maxillary molar teeth. The outcome of this study suggests
that a predoctoral endodontic curriculum in a dental school may need to consider a multifaceted
approach to facilitate students’ ability to thoroughly search for and treat challenging root canal
anatomy. In this study, the preclinical session was given to the student to perform access cavity
without mention of how many sessions and level of training (Park et al., 2014)

2.7 Conclusion
In conclusion, endodontics is widely practised in dentistry and is important for retaining teeth
damaged through trauma and disease. It involves the use of fine motor and visual skills in an attempt
to minimise the potentially adverse effects of iatrogenic damage and weakening of teeth through
over-preparation. Over the years there has been a move towards greater conservation of tooth tissue
during tooth preparation and this trend is also relevant to endodontic practise.
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3 Chapter 3: Methods of studying tooth tissue removal

3.1 Introduction:
As described previously, endodontic treatment involves drilling into teeth in order to access the root
canal system. The main purpose of access cavity preparation is to locate the root canal entrances for
preparation and obturation of the root canal system. Removal of tooth structure, coronal to the pulp
chamber, along with the chamber walls, and around canal orifices, may decrease the resistance of the
tooth to fracture under functional loads (Kishen, 2006, Tang et al., 2010). Fractures and possible
subsequent extraction of root-filled teeth have minimized the confidence of dentists and patients in
the long-term benefits of endodontic treatment (Clark and Khademi, 2010a, Tang et al., 2010).
Root filled teeth are generally associated with a shorter survival compared with teeth with vital pulps.
The longevity of root canal treated teeth is significantly affected by the reduction in the amount of
remaining coronal tooth structure(Al-Nuaimi et al., 2017b). This is due to a combination of dental
caries, restorations, endodontic treatment and fractures. By far the most prevalent cause for
extraction of root filled teeth is related to their perceived restorability. Whilst recommendations
based on expert opinion have been suggested, there is little objective evidence on a threshold level
or minimum quantifiable amount of remaining coronal tooth structure to affect the survival of teeth.
Establishing a reliable method to quantify the amount of remaining coronal hard tooth structure may
assist in predicting the survival of endodontically treated teeth and aid in treatment planning.(Caplan
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and Weintraub, 1997, Al-Nuaimi et al., 2017b). This chapter describes how the extent of this tooth
preparation was evaluated in this study

3.2 Aim:
To evaluate methods used to investigate tooth tissue removal after endodontic access cavity
preparation.

3.2.1 Analytical balance (Gravimetric):
A trial was carried out using the analytical balance (Sartorius TE 124S) (Figure 5) in the Liverpool
University Dental Hospital research wing. The aim of the study was to investigate if the amount of
tooth tissue removal in endodontic access cavity preparation can be quantified using an analytical
balance. The initial step commenced by investigating if all the plastic teeth were the same weight
before an endodontic access cavity, in order to ascertain standardisation.

Figure 5: Analytical Balance
The standardisation made the assessment easier to apply and guaranteed a high degree of
reproducibility of the experimental design, which makes the results of such studies valid (Lim and
Webber, 1985). The second step was to test if the water from high-speed handpieces affected the
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gravimetric evaluation of plastic teeth after endodontic access cavity as solids have a certain affinity
for water and may absorb moisture from the handpiece or even laboratory air.
The analytical balance was turned on by pressing the power button in the control bar and left for
several seconds until the screen showed 0.0000, the chamber door was opened and the tooth was
placed in the centre of the pan and then the chamber was closed. The reading on the display screen
was recorded as soon as the value had remained stable for a few seconds. 10 plastic teeth (2 maxillary
central incisors, 2 maxillary premolars, 2 mandibular molars and 2 maxillary molars) were weighed
individually before an endodontic access cavity for 3 consecutive times per each tooth to ensure
reproducibility and repeatability of the measurements.
An endodontic access cavity was prepared in each tooth in the dental laboratory using a high-speed
handpiece, size 2 round bur for anterior and premolar teeth, size 4 round bur for molar teeth and
endo Z bur which is lateral cutting edges are used to flare, flatten, and refine the internal axial walls.
(Ruddle, 2007)
The teeth were weighed again after an endodontic access cavity was prepared, for 3 consecutive times
per tooth using the same method, then the teeth were immersed in water for 24 hrs to test if the
teeth were absorbing water or not and then weighed again using the same method. After 72hrs the
same plastic teeth were weighed after dehydration in an incubator at 60 °C.
All the results were recorded. The method was able to detect the amount of tooth tissue removal in
sub-milligram by calculating the difference in weight of the teeth before and after endodontic access
cavity. This method allows for the quantification of the weight of tooth tissue removed by tooth
preparation however, there is no data regarding the shape of the access cavity.
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3.2.2 Optical scanner:
The aim of using this device was to investigate if the plastic teeth can be scanned before and after
endodontic access cavity in order to obtain a high-quality image showing the required information
relating to tooth preparation.
The basis of this type of scanner is the collection of three-dimensional structures in a so-called
‘triangulation procedure’. Here, the source of light (for example laser) and the receptor unit are in a
definite angle in their relationship to one another. Through this angle, the computer can calculate a
three-dimensional data set from the image on the receptor unit. Either white light projections or a
laser beam can serve as a source of illumination (Beuer et al., 2008b).

Figure 6: Optical Scanner

DS30 optical scanner was used (Figure 6) to scan the plastic teeth before access cavity preparation. 3
plastic teeth (upper central incisor, upper premolar and lower molar) were mounted on the scanner.
The scanner was able to clearly display a 3-dimensional image of the teeth before cavity preparation.
The same teeth were scanned again following cavity preparation, but the scanner was able to scan
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only the first 2-3mm of the access cavity from the occlusal aspect and the rest of the access cavity was
not shown in the image. To solve this problem of not showing the access cavity completely, a decision
was made to take an impression of the access cavity and scan the impression instead of attempting to
scan the endodontic access cavity.
Different materials were tried in order to gain a replica of the access cavity. Firstly, light body
impression material (3M Espe, Express Tm 2 Light Body Standard) was used. The problem with light
body material is that once it is set inside the cavity it will tear during removal from the access cavity,
even with the application of a separating medium. Medium body impression material (PROVIL NOVO:
MEDIUM REGULAR SET) (Figure 7), was the second material of choice, the problem with this material
was its inability to flow inside the cavity and record the details of the access cavity.

Figure 7: PROVIL NONO: MEDIUM REGULAR SET

The third material tried was an addition- Vulcanizing Duplication silicone (Z-DUPE) (Henry Schein)
(Figure 8). This material flowed inside the access cavity and was easily removed without distortion
with the use of smoothex (Whip mix) (Figure 9), a separating medium used inside the cavity before
application of the silicone.
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Figure 8: Vulcanizing Duplication Silicone

Figure 9: Separating Medium (Whip mix)

After the access cavity has been prepared the smoothex were sprayed inside the access cavity and
left for one minute, and the excess was removed using a dental probe. The injection of the material
into the access cavity required a modification of the normal plastic syringe. This was done by removing
the normal tip of the plastic syringe and replacing it with a large tip from the etching gel system (Figure
10). The duplication silicone was mixed in a plastic cup using a spatula and the impression material
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was loaded into the plastic syringe and slowly injected into the cavity ensuring that the tip remained
buried in the material to reduce air blows.

Figure 10: Modified Plastic Syringe

To be able to standardize the amount of the silicone injected inside the cavity, a ‘Memosil cap’ had
been constructed on the occlusal surface of each tooth prior to cavity preparation. However, a
drawback of the Memosil was its’ tendency to tear after a couple of trials. In order to solve this
problem ‘composite caps’ (Spectrum) (Figure 11), were constructed on each tooth (mandibular molar,
upper first premolar and upper central incisor).

Figure 11: Positioning Device with Composite Cap
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These caps were applied directly after the injection of the silicone inside the cavity. The impression
material takes around 5-6 minutes for the complete set. Once the material showed a complete set,
the cap was removed from the tooth (Any excess was removed with the cap as well), then the
impression material was removed slowly from the access cavity, the replica of impression showed in
(Figure 12).

Figure 12: Impression replicas

The next step was to scan the replica by using the DS30 optical scanner. A paper clip was used to
attach the tip of the impression and the impression was placed on the scanner. The results were a 3D
replica of the access cavity. Materialise software package (Materialise N.V., Leuven, Belgium) was used
to superimpose the 3D replica image over the 3D tooth image. The difference in volume was calculated
and the results gave the amount of tooth tissue removal.

3.2.3 Cone beam computed tomography:
Cone beam computed tomography scan times are typically 10 to 40 seconds long, depending on the
scanner used and the exposure parameters selected. The X-ray beam is pulsed; therefore, the actual
exposure time is a fraction of this (2–5 s), resulting in up to 580 individual ‘mini-exposures’ or
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‘projection images’ during the course of the scan. Sophisticated software then processes the collected
data into a format that closely resembles that produced by medical CT scanners. Each mini-exposure
or projection image generates a pixel matrix consisting of 262 144 (512 · 512) pixels. The resulting
dataset from CBCT consists of up to 580 individual matrices, which are then reconstructed using
powerful personal computers into three-dimensional data sets, consisting of over 100 million voxels
(5123). To increase resolution, the number of pixels per matrix (projection image) may be increased
from 5122 to 1024. The resulting reconstructed three-dimensional volume of data will then consist of
10243 voxels. Slices may be displayed in a number of different ways. One option is for the images to
be displayed in the three orthogonal planes axial, sagittal and coronal simultaneously, allowing the
clinician to gain a truly three-dimensional view area of interest.

3D Accuitomo XYZ view tomograph from (J. MORITA MFG.CORP) (Figure 13), were used for this study
at the radiology department at Liverpool University Dental Hospital. The first challenge was to scan
the plastic teeth on the CBCT. One plastic tooth was scanned on the device on (60 KV and 7 MA). The
result of the scan was transferred to the Mimic software package (Materialise N.V., Leuven, Belgium)
to evaluate the scanned image. This software program can provide image segmentation, quantitative
analysis, and three-dimensional model reconstruction.
The image quality was good, with high clarity. Therefore, it was decided to use CBCT as a method to
assess the amount of tooth tissue removal after endodontic access cavity preparation. In order to scan
multiple teeth at one time, a positioning device was fabricated to allow 6 teeth to be scanned.
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Figure 13: CBCT

The positioning device was created as follows:
A separating medium (Sodium Alginate solution) (Figure14), was applied on a flask and a pink wax
mould (Figure 15), inserted inside the flask, Plaster of Paris was mixed and added to the flask (Figure
16) making sure that plaster of Paris was not present on the edge of the flask in order to allow accurate
closure of the flask.
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Figure 14: Separating Medium

Water and a damp sponge can be used to remove voids and smooth the plaster of Paris around the
pink wax mould. A separating medium (Sodium alginate) should be applied to the Plaster of Paris and
allowed dry to prevent the two halves of the flask bonding to each other. The plaster of Paris was
mixed as described above and added to the other half of the flask.

Figure 15: Pink Wax Mould
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Figure 16: Plaster of Paris inside the flask

After finishing this process, the flasks are closed against each other (Figure17) (so that the metal edges
of the flasks are in contact with each other) and left for 45 minutes until set. The flask was then placed
in the boil out system for 8 minutes to allow the pink wax to soften and melt (if left longer the way
become liquid).

Figure 17: Flask locked against each other
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Following this, the flask was removed, opened and the mould was ready to be processed (Figure18).
All the remaining wax was boiled away.

Figure 18: Mould

A separating medium (sodium alginate) applied inside the mould and then the acrylic resin was mixed
and packed into the flask (Figure19), the flasks then inserted into the press to ensure metal to metal
contact and this will allow the excess to be removed).

Figure 19: Separating Medium inside the mould
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Clamp the flask (Figure 20) and process the acrylic. The acrylic moulds were retrieved following the
curing of the acrylic inside the flask, deflask the acrylic and trimming.
Carding wax was inserted at the bottom of each space in the acrylic mould to temporarily hold the
plastic teeth in the exact position required with the crowns of the teeth that are clearly visible above
the mould (Figure21). Following this, the teeth were removed, and a separating medium (Vaseline)
applied around the roots of the teeth (to allow ease of insertion and removal of the teeth from the
positioning device).

Figure 20: Clamped Flaks

Figure 21: Insertion of Carding Wax
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The teeth were again inserted inside the positioning device and a cold cure acrylic resin was mixed in
a liquid state and poured inside the positioning device using a metal spatula. The positioning device
was then immersed in hydrpflask for 5 minutes for the complete set. The positioning device was ready
for use (Figure 22) so that the teeth were able to be inserted and removed as needed (Figure 23).

Figure 22: Positioning device

Figure 23: Positioning device with teeth

Scanning was done for 6 teeth in the positioning device without access cavity (2 maxillary central
incisors, 2 maxillary 1st premolar, and 2 mandibular 1st molars), at once and the quality of the image
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was deemed to be acceptable. Endodontic access cavities were prepared using a high-speed
handpiece, round bur size 2 for anterior teeth and size 4 for premolar and molar and an endo z bur.
The teeth were scanned again using CBCT (60 KV and 7 MA). (The images were exported in DICOM
format and then imported into Materialise Mimics (Materialise N.V., Leuven, Belgium).

The images were filtered using a pre-set gray value to minimise noise. The area of interest was selected
manually for all the images and a segmentation process was carried out. The segmentation process
was done manually by a single operator to ensure standardisation. The volume segmented was used
to calculate and generate a 3D rendered image by the software. The volume of each 3D image was
extracted from the software. The difference in the volume of the teeth between pre and post access
cavity preparation was calculated.

3.3 Image analysis:
Image analysis is the next step after acquiring the images from both CBCT and optical scanner.
Analysis of images is conducted for different purposes such as visualisation, measuring, quantitative
or qualitative analysis, three-dimensional assessment, and design. (Stock, 2008).
It is important to use software capable of analysing and reconstructing the images with accuracy.
Materialise software package (Materialise N.V., Leuven, Belgium), was chosen, due to its accuracy.
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The two main software’s used from the package are Mimic (Materialise N.V., Leuven, Belgium) for its
image segmentation, and three-dimensional model reconstruction and 3Matic (Materialise N.V.,
Leuven, Belgium) for its three-dimensional model's superimposition and comparison analysis. The
accuracy of the software were verified and showed highly accurate results in comparison with
histological sections and live measurements of different aspects. The investigation of the package was
done through multiple independent studies not influenced by the software company (Moerenhout et
al., Gelaude et al., 2008, Jamali et al., 2007).

3.4 Discussion:
Remaining tooth structure is a key factor that determines prognosis as it relates to the future function
of the tooth after restoration (Tang et al., 2010). There is little evidence on the impact of remaining
coronal tooth structure on the survival of teeth that have undergone root canal retreatment. It
appears that, among technical elements of root canal therapy, access preparation and post
preparation are the most relevant in rendering the tooth more susceptible to significant
destabilisation (Lang et al., 2006). Establishing methods to assess the amount of tooth tissue removal
during endodontic access cavity procedure may help to predict the survival of endodontically treated
teeth and their prognosis.
This pilot study investigated different methods used to assess the amount of tooth tissue removal
after the endodontic access cavity.
The use of an analytical balance provided an accurate measurement in sub-milligrams regarding the
weight of tooth tissue removal before and after endodontic access cavity. This measurement
represented the amount of tooth tissue removal by weight only but was not able to provide any data
regarding the shape and quality of the access cavity and the strategic importance of the remaining
tooth structure. Also, natural teeth may not be suitable for this type of analysis because of the
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presence of the pulp chamber, intertubular dentine, and dentinal tubules, which may influence the
gravimetric measurements. (Edelhoff and Sorensen, 2002), (Hussain et al., 2007)
Also, the results from this pilot study showed that plastic teeth replicas absorb water, and the teeth
should be placed in the incubator for 72hrs for complete dehydration before they are weighed.
The extra-oral optical scanner was the second method used to analyse tooth tissue removal. This
method provided volumetric data about the amount of tooth tissue removal. To the best of our
knowledge, no other study has evaluated the extra-oral optical scanner to assess the amount of tooth
tissue removal.
Al-Nuaimi et al in 2017, assessed residual Coronal Tooth Structure following endodontic cavity
preparation using intra-oral digital scanner and Micro-CT. Non-invasive access cavities were cut in 34
human extracted molar teeth. All teeth were scanned with an intra-oral digital scanner and micro-CT.
They concluded that the volumetric accuracy of the intra-oral scanner is adequate to be used to create
accurate virtual models that reproduce the residual coronal tooth structure. They also concluded that
scanning the intra-coronal aspect of the endodontically accessed tooth, for reliable assessment of the
loss of tooth structure during endodontic treatment, can be used to make inferences about the
prognosis of the endodontic and restorative treatment, leading to improvement in treatment planning
process. In this study, an intra-oral optical scanner was used for analysis, however in our study, an
extra-oral optical scanner was used. The problem encountered with this method was that the scanner
was only able to scan a clear image of the tooth before the endodontic access cavity preparation. Once
the access has been made the scanner was only able to scan the first 2-3 mm into the prepared cavity.
As a result of this finding a negative replica of the prepared cavity was made using an impression
material (an addition- Vulcanizing Duplication silicone (Z-DUPE) (Henry Schein) (Figure 8). This material
was stable and easily injected and removed from the endodontic access cavity.

The third method used for analysis was the CBCT. The use of CBCT technology produces a threedimensional image of the tooth before and after endodontic access cavity (Figure 24,25)
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Figure 24: 3D image of the teeth before endodontic access cavity

Figure 25:3D image of the teeth after endodontic access cavity
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Using the Materialise software package (Materialise N.V., Leuven, Belgium, the teeth were scanned
using CBCT. The images were exported in DICOM format and then imported into Materialise Mimics.
The images were filtered using a pre-set gray value to minimise noise. The access cavity area was
selected manually for all the images and a segmentation process was carried out. The segmentation
process was done manually by the investigator to ensure standardisation. The volume segmented was
used to calculate and generate a 3D rendered image by the software. The volume of each 3D image
was extracted from the software and then the difference in volume of the teeth between pre and post
access cavity preparation was calculated.

Figure 26: Showing the segmentation process

The Analytical balance results provide an accurate measurement in sub-milligrams regarding the
weight of tooth tissue removal before and after endodontic access cavity. It is simple and
straightforward method, however, there is no data can be provided regarding the shape and quality
of the access cavity. The method can only be used with 3D printed teeth as it is possible to standardise
the plastic teeth, while it is difficult to standardise the natural teeth.
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The optical scanner method results can provide volumetric data regarding the amount of tooth tissue
removal. The scanner was able to provide 3D image for the tooth before the endodontic access cavity,
and once the access cavity prepared, the scanner could not scan more than 2-3mm intra-coronally.
Taking a negative replica for the access cavity and scan it, was difficult, as we need to standardise the
amount of the silicone injected inside the cavity. It is also taking a long time to perform.
The results from CBCT method provide volumetric data as well. It produces a three-dimensional image
of the tooth before and after endodontic access cavity, and with the utilisation of Mimic software the
difference in volume between pre and post access cavity preparation can be measured. This method
can provide data regarding the volume, size and shape of the access cavity. The image of the scan is
very accurate, and the slices of the volumetric data can be chosen by the researcher.
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4 Chapter 4: The effect of using dental loupes during endodontic
access cavity procedure by undergraduate dental students

4.1 Introduction:
It is clear that the remaining structural integrity of the tooth is a key factor that determines prognosis,
as it relates to the future function of the tooth after restoration. (Tang et al., 2010, Nagasiri and
Chitmongkolsuk, 2005). Maintaining strength and stiffness that resists structural deformation
becomes the recognised goal of all restorative procedures, being especially applicable in endodontics
(Gluskin et al., 2014). Compromised structural or mechanical integrity of teeth results in different
types of tooth fractures, which are known to be one of the most common causes for tooth extraction
(Kishen and Boveda, 2015). The endodontic access cavity is considered the first step in root canal
treatment. Traditionally, the design of endodontic access cavities have remained unaltered for the
past several decades (Ingle, 1985). The conventional endodontic access cavity preparation commonly
involved removal of dentin in order to explore the expected pulp chamber floor anatomy and canal
openings and preflaring the coronal aspect to facilitate cleaning, shaping and obturation. Recently,
new designs for endodontic access cavities called conservative or ultraconservative access cavity has
been introduced (Belograd, 2016, Clark and Khademi, 2010a). The concept of this access cavity is to
maintain the mechanical stability of the tooth by minimizing tooth structural removal as well as
preserving more dentine and this could improve the fracture strength of endodontically treated teeth
and subsequently the long-term survival and function of endodontically treated teeth.(Bóveda and
Kishen, 2015, Asundi and Kishen, 2001).
In 2012, the American Association of Endodontics (AAE) stated that endodontics could benefit from
the use of a DOM in achieving proper conservative access (AAE, 2012).however, To the best of our
knowledge, no study has yet evaluated the amount of tooth tissue removed during endodontic access
procedure with and without magnification. .
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4.2 Aim:
The aim of this study was to investigate the effect of dental loupes on the amount of tooth structure
removed during endodontic access cavity procedures undertaken by undergraduate dental students
and to investigate the correlation between CBCT and Analytical balance.

4.3 Methods and materials:
4.3.1 Study design:
A crossover randomised study was conducted at Liverpool University Dental Hospital (LUDH). Ethical
approval was obtained from the research ethics committee at the University of Liverpool (Reference
number: 2647). An email was sent to 3rd-year undergraduate dental students at Liverpool University
Dental Hospital to recruit them for the study. The students had already completed a preclinical course
in basic endodontics as a component of the third year undergraduate BDS curriculum. This was
undertaken on anterior and premolar teeth. The students had no previous experience with using
magnification. The recruitment email included an information sheet, risk assessment form and
consent form. The information sheet detailed the following participant inclusion criteria; the ability to
use the supplied loupes and students should have no previous experience with using any form of
dental magnification. Whereas the exclusion criteria included students with corrective glasses and
students who have used magnification before.
Twenty undergraduate students were recruited based on the design of previous studies (Bowers et
al., 2010), (Rampado et al., 2004). One hundred and eighty 3D designed teeth (DRSK RCT Model), were
used in the study; 60 maxillary central incisors, 60 maxillary first premolars and 60 mandibular first
molar teeth (Figure 26).
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Figure 27: 3D designed teeth
The 3D designed teeth were used in the study to ensure standardisation. The standardisation made
the assessment easier to apply and ensure a high degree of reproducibility of the experimental design,
which makes the results of such studies valid (Lim and Webber, 1985). The twenty students were split
into 2 groups, group (A) of 10 students and group (B) of 10 students. A PowerPoint presentation made
by the investigator was given to each group before conducting the study. The presentation detailed
the ideal access cavity features, technique for access cavity preparation and a detailed video regarding
the access cavity preparation for maxillary central incisor, maxillary first premolar and mandibular first
molar teeth and the use of magnification loupes. As well as the PowerPoint presentation, twentyminute hands-on instruction on how to use the loupes was provided. The following set of instruments
were provided for each student: a front surface mirror, DG16 endodontic probe, long shank small
excavator, 3x5 magnifying loupes, Size 2 diamond round bur to be utilised for premolars and anterior
teeth, whereas, a size 4 round bur was used for molar teeth, as well as a Muller bur (size 120.140),
Endo Z bur, Endodontic syringe, and high and low speed handpiece.
The students performed the experiment in a clinical simulation suite. All teeth were set up on the right
side of the phantom head. The participant groups were arranged according to a randomly assigned
seating plan. The right-side group started access cavity preparations with loupes while the left side
groups started without loupes.
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Figure 28: Operative skills suite

20 Students

Group (A) 10
with loupes

Group (B) 10
without loupes

Endodontic
access 60
teeth

Endodontic
access 60 teeth

Figure 28: shows study design, number of participants

The first group carried out endodontic access preparations on three 3D printed teeth, starting with
one maxillary central incisor, followed by one maxillary first premolar and finally one mandibular first
molar. They utilised dental loupes with x3.5 magnification, 420 mm focal distance and a LED light
attached (Figure 29). It was ensured that the loupes were used for the full procedure.
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The second group carried out endodontic access cavities on three 3D printed teeth, again starting with
one maxillary central incisor, followed by one maxillary first premolar and finally one mandibular first
molar. This was completed without the aid of dental loupes.
Both groups then crossed over, using the same protocol as the other group, with the total time taken
to conduct the study being 2 hours and 45 minutes.

Figure 29: 3.5 x 420 Loupe with LED light

The data was analysed using two methods, Analytical Balance and CBCT. Analytical Balance involves
comparing the weight of the teeth following preparation and calculating the weight of lost material
by measuring compared to the standardised initial pre-access weight of each tooth. Furthermore, each
of the intact three tooth types were fixed in a positioning device and an initial CBCT scan was taken.
Following, the experiment i.e. access cavity preparations, each participants’ six teeth (three for each
group) was fixed together in a positioning device and a post-preparation CBCT scan was taken. These
scans were uploaded to Mimics software and compared with the initial tooth scans for evaluation of
volumetric change. Further details on the complete protocol for these two methods can be found in
Chapters 3.2.2 and 3.2.4 respectively.
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4.4. Results:
The data from the study was collected and entered into a Microsoft Excel sheet 2013. The SSPS was
used for statistical analysis. Univariate Analysis of Variance (ANOVA) was utilised to analyse the data
to assess if there is a difference in the amount of tooth tissue removal with magnification compared
to no magnifications, the effect of tooth type (central, premolar or molar), the order of using
magnification and the operator on tooth tissue removal. A Persons correlation will be used to assess
if there is a correlation between the CBCT and Analytical Balance.

CBCT/Volume
Univariate analysis
Variables

DF
(Hypothesis)

DF

F

S

(Error)

Loupes

1

96

.003

.958

Order

1

96

.085

.771

Teeth

2

96

135.222

.000

Students

19

96

4.716

.000

Table 1: showing the variables that had a significant effect on the CBCT/Volume
Univariate Analysis of Variance was used with CBCT to analyse the effect of loupes, order, teeth, and
students on the amount of tooth tissue removal. The table showed that teeth and students had a
statistically significant effect (p≤0.05). This indicates that teeth and students affected the amount of
tooth tissue removal during endodontic access cavity.
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CBCT/Volume Mean and SD
CBCT

Number Number

Mean

of teeth

volume

of

SD

students
Loupes Incisors

No

40

20

31.334

18.67032

Premolars 40

63.329

19.78736

Molars

39

109.7915 35.01603

Incisors

40

20

Loupes Premolars 40
Molars

39

21.658

16.4419

65.8525

28.51392

117.6345 48.91469

Table 2: Showing the mean, SD with the CBCT/Volume

Analytical Balance
Variables

DF

DF

(Hypothesis)

(Error)

F

S

Loupes

1

96

1.866

.175

Order

1

96

1.746

.190

Teeth

2

96

236.130

.000

Students

19

96

2.058

.012

Table 3: showing the variables the had a significant effect on the analytical balance/Weight
Univariate Analysis of Variance was used with Analytical balance to analyse the effect of loupes, order,
teeth, and students on the amount of tooth tissue removal. The table showed that teeth and students
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had a statistically significant effect (p≤0.05). This indicates that teeth and students affect the amount
of tooth tissue removal during endodontic access cavity.

Analytical Balance Mean/SD
Analytical Balance

Number Number Mean
of teeth

SD

of
students

Loupes Incisors

No

40

20

0.0419 1201

Premolars 40

0.058

Molars

39

0.1364 0.03442

Incisors

40

Loupes Premolars 40
Molars

39

20

0.02367

0.0373 0.01011
0.0549 0.01932
0.1287 0.02494

Table 4: Showing the Analytical Balance Mean and SD
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Volume µm3

60
50
40
30
20
10
0
Central Inciosrs
CBCT (Loupes)

CBCT (No Loupes)

Figure 29: Illustrating the difference between the volume of access cavity in central incisors with loupes and
without loupes

Figure 30 shows a graph representing the means and standard deviation of the difference in volume
during endodontic access cavity in maxillary central incisors with and without loupes using CBCT for
analysis. There is no significant difference.

Volume µm3
68
67
66
65
64
63
62
61
60
Premolars
CBCT (Loupes)

CBCT (No Loupes)

Figure 30: Illustrating the difference between the volume of access cavity in premolars with and without loupes
using CBCT
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Figure 30 shows a graph representing the means and standard deviation of the difference in volume
during endodontic access cavity in maxillary 1st premolars with and without loupes using CBCT for
analysis. There is no significant difference.

Volume µm3
40
35
30

25
20

15
10

5
0
Molars
CBCT (Louoes)

CBCT (No Loupes)

Figure 31: Illustrating the difference between the volume of access cavity in molars using CBCT with and
without loupes

Figure 31 shows a graph representing the means and standard deviation of the difference in volume
during endodontic access cavity in mandibular 1st molars with and without loupes using CBCT for
analysis. There is no significant difference.
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Average Weight (mg)
0.044

Weight (mg)

0.042
0.04
0.038
0.036
0.034
0.032
Central Inciosrs

Axis Title
Analytica Balance (Loupes)

Analtical balance (No Loupes)

Figure 32: Showing the difference between the weight of access cavity in central incisors with loupes and
without loupes using Analytical Balance

Figure 32 shows a graph representing the means and standard deviation of the difference in weight
during endodontic access cavity in maxillary central incisors with and without loupes using Analytical
Balance for analysis. There is no significant difference.

Weight mg
0.059
0.058
0.057
0.056
0.055
0.054
0.053
0.052
0.051
Premolars
Analytical Balance(Loupes)

Analytical balance (No Loupes)

Figure 33: Showing the difference between the volume of access cavity in premolars with loupes and without
loupes using Analytical Balance
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Figure 33 shows a graph representing the means and standard deviation of the difference in weight
during endodontic access cavity in maxillary 1st premolars with and without loupes using Analytical
Balance for analysis. There is no significant difference.

Weight mg
0.14
0.138
0.136
0.134
0.132
0.13
0.128

0.126
0.124
0.122
0.12
Molars
Analytical Balance (Loupes)

Analytical balance (No Loupes)

Figure 34: Showing the difference between the weight of access cavity in molars with loupes and without loupes
using Analytical Balance

Figure 34 shows a graph representing the means and standard deviation of the difference in weight
during endodontic access cavity in mandibular 1st molars with and without loupes using Analytical
balance for analysis. There is no significant difference.
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Magnification Tooth

Perforation

Type
Anterior
Loupe

No loupe

0

Premolar 0
Molar

1

Anterior

0

Premolar 0
Molar

1

Table 5: Showing the number of complication/Perforation
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Figure 35: The Pearson’s correlation

The Pearson's correlation coefficient is 0.750.
Figure 36 shows a simple scatter plot representing Analytical balance and CBCT. There is a significant
correlation between the analytical balance and the CBCT. The Pearson’s correlation is 0.750 in this
study. The Pearson’s correlation has a value between +1 and -1. A value of +1 is total positive linear
correlation, 0 is no linear correlation and -1 is total negative linear correlation.
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4.5 Discussion:
The results from this study showed that there is no significant difference in the size of the access cavity
between the loupe group and the un-aided vision group. This may be due to a lack of experience
among the students. They may prefer to focus on the quality of the cavity of endodontic access rather
than the amount of removal of tooth tissue. With enhanced illumination and magnification, the
students could focus on removing more tooth structure, gaining straight line access and focus on
minute details of the cavity. However, the quality of the access cavity was not assessed in this study.
The study was designed in a cross over randomised format. A crossover design enables comparisons
between and within groups in the same environment, and participants can indicate preferences for
one method versus another. (Mills et al., 2009).
The 3D printed teeth were used to ensure standardisation. The standardisation made evaluation
easier to apply and ensured a high degree of reproducibility of the experimental design which
validated the results of such studies (Lim and Webber, 1985). However, they could also influence the
amount of tooth tissue removal, this is may be due to difference in the hardness between 3D printed
teeth and dentine in natural teeth (Al‐Sudani and Basudan, 2017).
Central incisors, maxillary 1st premolars, and mandibular 1st molars were chosen to cover the
morphology feature of permanent teeth. Maxillary Central incisors are often involved in root canal
treatment especially following trauma, and it is the most commonly affected tooth in either
permanent or primary dentition because of their exposed position in the dental arch (Rocho and
Cardoso, 2002), (Altun et al., 2009). Upper 1st premolars have two roots in the majority of cases
according to a recent CBCT study (de Lima et al., 2019). The mandibular first molar is considered to be
the most common tooth involved in the endodontic procedure because it is the earliest permanent
tooth to erupt and are most prone to suffer from caries (Vertucci et al., 2006).
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Another finding is that the use of magnification (loupes) does not seem to influence the amount of
tooth tissue removal. This study used one level of magnification (3.5x) and this may not have been
optimal. The decision to use dental loupes with 3.5x magnification (and 42cm focal distance) in this
study was based on evidence that 3.5x magnification has been found to perform well for other clinical
tasks (Forgie et al., 1999), (Burton and Bridgman, 1991). Participants in the magnification arm were
forced to use a standard working distance of 42cm based on the focal distance of the dental loupes.
However, participants in the non-magnification arm were not standardised to a fixed working
distance. Therefore, participants in the non-magnification arm could theoretically have been working
at various working distances. The working distance for this group could have been standardised by
adjusting the height of the phantom head to a fixed distance from the operator’s eyes. However, it
should be noted that all dental practitioners naturally operate at different working distances in
accordance with variable body dimensions (i.e. height, arm length and irrespective of the need for
prescription glasses). Therefore, it would be impractical to standardise the working distance for all
participants, primarily due to ergonomics, posture and comfort. It would be more appropriate to have
personalised loupes for each participant in accordance with their favoured working distance. Although
this would be unfeasible due to the associated increase in expenditure and logistical requirements.

A portable LED Headlight was provided to all students with intensity between 15000-30000 Lux for
the improvement of the visual acuity and this level of intensity is considered to be safe whilst
minimizing glare (Gultz and Kaim, 1997), (James and Gilmour, 2010). Furthermore, this level of
magnification is easily accepted by inexperienced users whilst still giving a noticeable level of
magnification for the clinician (Forgie et al., 2001). However, the loupes required a period of
adaptation (James and Gilmour, 2010), which could affect the results of this study. Another finding of
the study is the presence of correlation between the results of analytical balance and the results of
the CBCT. Analytical balance is a simple and easy method used to analyse the amount of tooth tissue
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removal, while the CBCT is able provide more information about the shape, amount of tooth tissue
removal and the quality of the access cavity. There is no study investigating the correlation between
the different methods to assess the amount of tooth tissue removal. Both methods are nondestructive and allow the samples to be analysed several times.
Several studies have looked at the role of magnification in enhancing clinical performance, vision, fine
motor skills, locating extra canals and access cavity preparation with operating microscopes (Perrin et
al., 2014),(Donaldson et al., 1998), (Bowers et al., 2010), (Rampado et al., 2004), (Park et al., 2014).
To best of our knowledge, there is no study investigating the effect of loupes on the amount of tooth
tissue removal during endodontic access cavity procedure.
Many dental schools now require their students to use magnifying loupes during preclinical and clinical
education. This study introduced undergraduate dental students to dental magnification (loupes) in a
short-focused course and assessed the benefit of the loupes in preserving tooth tissue during
endodontic access cavity.
The result showed that there is no significant difference in the size of the access cavity with and
without loupes and this, contradicted with another study aimed to quantify any cavity size change
following removal of tooth-coloured restorations in vitro using unaided vision and 2.6x magnification
without mentioning the loupes type. The results from Forgie et al 2001 study showed that there was
a significant change in cavity size during removal of a class I composite restoration with both unaided
vision and 2.6x magnification (Forgie et al., 2001). However, the study by Forgie et al was carried out
by four clinicians and utilised 48 teeth without training on how to use magnification.
The findings also contradicted with a study conducted by Rampado et al in 2004. Rampado aimed to
determine whether using the OM would improve students’ performance in endodontic access cavity
preparation and canal identification by undergraduate students. The study concluded that the use of
the OM significantly improved student’s ability to find canals and positively impacted the quality of
access cavity preparation. The Rampado study was conducted using only maxillary molars and an
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operating microscope, and the microscope group students went through longer training before the
study. As well as this, it is possible that operating microscope magnification provides broader visibility
in comparison to loupes magnification, and this could explain the difference in the results.
On completion of this experiment, both groups were collectively asked for verbal feedback on their
experience using magnification. Five students out of twenty students reported that using loupes was
‘difficult’. This may be due to the standardised type of loupes used in the study however, it also could
be as a result of an insufficient training period on the use of loupes The students were given a
presentation about the access and the loupes and also a 20 minutes hands-on instruction about the
loupes, despite this training, it is difficult to provide the specific training time required for students to
adapt to a new technology (Graber et al., 1998). This could be explained by competency-based
education, which provides a sequence of defined learning experiences to dental students from novices
to expertise. However, the quality of the dental work carried out by students is dependent on
experience, training, and manual dexterity(Giuliani et al., 2007), (Gansky et al., 2004)
In this study, the students were at the first stage of their competency-based education. Nevertheless,
a surprising result of this study is that the students were performing the access cavity in mandibular
1st molar teeth for their first time and, only 2 students made a perforation, one of them while he was
using the loupes and the other without loupes. In the author’s opinion, performing endodontic access
cavity in a mandibular 1st molar for the first time successfully and without perforation could be due
to the detailed video given to the students before conducting the study, the step by step presentation
on how to perform access cavity and it could be also attributed to their level of competency.
The author of this study tried to determine if the use of magnifying loupes is associated with benefits
for the patients and dentists regarding a more conservative endodontic access cavity which could
minimise tooth structure removal, improving the outcome of root canal treatment and minimizing
tooth fracture after root canal treatment.
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The need for further research is necessary in order to investigate the effect of an operating microscope
with higher magnification in the amount of tooth tissue removal, a comparison between students
using the OM and students using dental loupes would be of interest. In addition, if a trained dentist,
endodontist performed the study using loupes or operating microscope, would the results be in favour
of the dentists, endodontists. Furthermore, if the students were given a period of adaption and used
the loupes for a long time would that make a difference. In addition, a comparison between students
using the OM and students using dental loupes would be of interest.

4.6 Conclusion:
Within the limitations of this study, there is insufficient evidence to suggest dental loupes, at 3.5x
magnification, influences the size of the endodontic access cavity preparation by novice
undergraduate students. This could be attributed to insufficient experience with using loupes, as well
as limited clinical experience and the use of loupes with a standardised working distance. However,
there was a significant association with the effect of tooth type, with molar teeth having a significantly
increased amount of tooth tissue removal. There was also a significant variation in results amongst
operators.
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5 Chapter 5: Clinical implication and future research:
5.1 Clinical implications:
The outcome of the pilot study showed that analytical balance, optical scanner, and CBCT can all be
used to calculate the amount of tooth tissue removal during endodontic access cavity procedure. In
addition, there is a correlation between the analytical balance and CBCT. This will inform any future
researchers on other methods to analyse the amount of tooth tissue removal in restorative and
endodontics.

The outcome of the second study revealed that the use of loupes does not appear to influence the
amount of tooth tissue removal by novice undergraduate students during the endodontic access cavity
procedure. This is may be because students need more training period and experience before using
the loupes. Furthermore, there is no significant difference between the loupe group and the unaided
vision group in the size of the access cavity.
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5.2 Future research:
Investigate the effect of an operating microscope with higher magnification in the amount of tooth
tissue removal in the hands of novice’s students. This will help to inform and to apply modifications
to the preclinical training protocol for dental students.
A study can be conducted by a trained dentist/ endodontist using loupes or an operating microscope.
This will help in comparing the level of experience between the clinician.
The same study can be conducted using prismatic loupes which provide the highest optical quality
available today.
Further investigation should be conducted regarding the loupes as a continuation phase to this study
and based on the findings:
The 1st phase will investigate the effect of more dedicated training time on the loupes with more
experienced students.
The 2nd phase will analyse the quality of endodontic access cavity. The quality of the access cavity can
be evaluated according to a set of criteria.
The 3rd phase is to compare between students using the OM and students using dental loupes during
endodontic access cavity procedure. This will help to inform the dental school on the best approach
to training undergraduate students.
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