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Abstract

Purpose: Following the changes to the undergraduate endodontic curriculum at the
University of the Witwatersrand in 2012, there was a need to assess the impact of the changes
on treatment outcomes. This study was an audit of root canal treatment performed by
undergraduate students as shown in the postoperative radiographs. The study compared the

root canal treatment performed by the 3", 4" and 5™ undergraduate students.

Methods: Postoperative periapical radiographs of patients treated by undergraduate students,
were examined to assess length, density, taper and iatrogenic errors. Two independent
investigators were first calibrated, and thereafter assessed 299 endodontic cases that were
performed by 3", 4" and 5™ year students between 2013-2015 at the Wits Oral Health Centre.

Results: 68.9%, 73.6% and 70.9% were found for adequate length, acceptable density and
acceptable taper of root filling respectively. The most acceptable length, density and taper
results was by the 5" year students, while the lowest results were in the 4" year students. The
iatrogenic errors were identified as 37.1% with ledge formation and canal transportation the

most common.

Conclusion: The result of this study shows that the quality of root canal treatment performed
by undergraduate students is similar to other studies conducted at various dental schools
around the world. The change in the curriculum has been justified, although the study does
point out some areas of concern. There was a notable increase in quality from 4™ year to 5%

year students, possibly due to using of rotary system and dental operating microscope.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

Root canal treatment is a complicated procedure that requires careful attention to detail and
meticulous execution, in order to effectively clean and shape the root canals and to avoid any
procedural errors that may impact treatment outcome. In order to be able to perform the
treatment at a high standard of care, the training of dental students should be of a high

quality.

Since the revised endodontic curriculum was instituted at the Wits School of Oral Health
Sciences in 2012, no study has been done to assess the impact of the curriculum change on
treatment outcomes. This study is an audit of the quality of root canal treatment performed by

undergraduate students at the University of the Witwatersrand.

1.1 Quality guidelines in root canal treatment

The European Society of Endodontology (ESE) in 2013 expressed their concern that despite
the tremendous technical advances in endodontics and the quality guidelines regarding
endodontic treatment continue to exhibit displeasing technical results for endodontic
treatment in European societies (De Moor et al., 2013).

The ESE 2013 guidelines quote several studies to prove that these results are a reflection of
the achievement of the initial proficiency shown in undergraduate training where
requirements remain variable (Eleftheriadis and Lambrianidis, 2005; Sonntag et al., 2008;
Burke et al., 2009; Kelbauskas et al., 2009; Khabbaz et al., 2010). They also emphasised the
necessity of ensuring that undergraduate practice is performed to a standard that confirms
thorough understanding of the crucial factors that play a role in clinical outcomes

The ESE (1992, 1994, 2001, and 2006) reported a set of guidelines for undergraduate syllabi,
to promote the advancement of high quality undergraduate dental teaching. According to

these guidelines, the student is expected to possess the ability to perform nonsurgical



endodontic treatment on single and multi-rooted teeth. The guidelines also included the
expectation that students should identify and know how to avoid any iatrogenic errors that
might occur with conventional endodontic treatment (European Society of Endodontology,
1992; Wesselink, 1994; Lost, 2001; Loest, 2006).

Educational guidelines dictate that dental schools ensure the competence of each graduating
student in the field of endodontics (Lynch and Burke, 2006). Eleftheriadis and Lambrianidis
(2005) proposed that the assessment of technical outcomes of endodontic treatment and the
detection of iatrogenic errors are based on the immediate postoperative radiographs.
Consequently, the ESE (2006) advised that the quality of root canal filling should be assessed
through postoperative radiographs (Loest, 2006).

1.2 The use of periapical radiographs in root canal treatment

Since its invention in 1895 by Roentgen, radiographs have been used for the diagnosis of
dental diseases. Dr Otto Walkhoff produced the first radiograph for teeth just 14 days after
Roentgen’s publication (Forrai, 2007). While Dr C. Edmund Kells was the first to use
intraoral radiographs in 1896. Periapical radiographs are the most commonly used x-rays in
endodontic treatment.  Periapical radiographs are used for preoperative diagnostic
assessment, working length determination, master apical file fit, master cone and

postoperative assessment of the quality of obturation.

Endodontic treatment success is often predicted by the quality of the root canal treatment, as
depicted on postoperative radiographs. Although Siqueira (2001) agrees with this
recommendation, he also cautions that the radiographic judgement of the root filling may not
be indicative of root canal sealing. The author concluded that the major cause of failure of
most well-treated endodontic treatment cases is due to persistence of infection. It should be
recognised that periapical radiographs represent a two dimension image and have limitations,
such as the superposition with adjacent tooth structures, especially in the region of the

maxillary molars (Tamse et al., 1980; Ridao-Sacie et al., 2007).

Numerous studies have used postoperative radiographs to assess the quality of root canal
treatment. Table 1.1 lists the studies that assessed the quality of endodontic treatment

performed by undergraduate students by examining the postoperative radiographs. Although



there is considerable consistency among the studies listed, not all the studies used the same

criteria.

Table 1. 1 The undergraduate students and cases samples of previous studies in

different parts of the world.

Authors Year Students Criteria Country Sample
171 cases or 336
Greene and Krell 1990 3 year students Ledge formation USA canals
undergraduate 626 root canals (367
Kapalas and I .
Lambrianidis 2000 clinic an_d Ledge formation Greece by undergraduate
endodontists students)
Barrieshi-Nusair et al. 2004 4" and 5" year Length, density and taper Jordan 542 teeth or 912 root
canals
Eleftherl.adl_s z_ind 2005 4" and 5% year Len_gth, density, Iedge, Greece 620 root canals 388
Lambrianidis perforations (root, furcation and teeth
strip) fractured instruments
Eretal. 2006 4" and 5" year Length, density and taper Turkey 1893 teeth or 3692
root canals
Lynch and Burke 2006 Undergraduate Length and density Ireland 100 m?geltehrooted
Length, and presence of voids,
Pettigrew et al. 2007 Undergraduate fractured instruments and Scotland 100 single rooted
perforation teeth
Length, Density, Taper, ledge,
gouging, zipping, apical
transportation, fractured
Balto et al. 2010 4" and 5" year instruments, perforations (apical, Saudi Arabia 550 teeth
root, strip and furcation), lack of
straight-line access and missed
canal
Length, density, ledge, fractured
Khabbaz et al. 2010 4" and 5% year instruments, perforations (foramen Greece 1108 root canals or
759 teeth
and root)
The length, presence of voids,
Rafeek et al. 2012 Undergraduate taper, curvature of canal and Trinidad 288 2;:;2 root
fractured instruments
Roman Richon et al. 2014 4™ year students Length, density and taper. Spain 561 extracted teeth
Length, density, taper, ledge,
Smadi et al. 2015 4" and 5% year transportation and perforation Jordan 213 teeth



https://en.wikipedia.org/wiki/Scotland

1.3 Criteria used to determine the quality of root canal treatment

Various studies have shown that the outcome of root canal treatment is dependent on the
technical quality of the root canal filling (Sjogren et al., 1990; Smith et al., 1993; Peak et al.,
2001; Eleftheriadis and Lambrianidis, 2005). Other studies have also used the absence of
voids and the length of root fillings as assessment criteria (Sjogren et al., 1990;
Nieuwenhuysen et al., 1994; Farzaneh et al., 2004). Furthermore, Santos et al. (2010)
considered the length, density and taper of root canal fillings in their assessment of the
quality of root canal treatment, while Bottacz-Rzepkowska and Pawlicka (2003) concluded
that the radiographic technical quality of root canal treatment is more related to the health of

the periapical area, rather than substandard root fillings.

Dubrow (1976) stated that the failure of endodontic treatment could be a consequence of
inappropriate debridement of a root canal or result of poor technique during the procedure.
Furthermore, Ramachandran Nair (2003) reinforced the view that the primary cause of
postoperative apical periodontitis (AP) in well-treated teeth is due to the presence of

microbial infection.

Saunders and Saunders (1994) concluded that coronal leakage is a common cause of
endodontic treatment failure. Moreover, Kirkevang et al. (2000) and Segura-Egea et al.
(2004) indicated that teeth with sufficient coronal restoration and root canal filling lengths are

associated with a decreased prevalence of AP.

When examining postoperative radiographs, there are several criteria that are predictors of

successful outcome in endodontic treatment. Some of these criteria are:

1- Length of root canal filling
2- Density of root canal filling

3- Taper of root canal preparation

1.3.1 The length of the root canal filling

The length of the root canal filling is one of the most important parameters that have
been wused to evaluate the quality of endodontic treatment. On postoperative
radiographs, the length is determined by measuring the apical terminus of the
obturation from the radiographic apex of the tooth. Zhong et al. (2008) have shown

that microbes and their by-products are responsible for the failure of endodontic

4



treatment in teeth with inadequate length of condensed obturation material and a
low density of the obturation. These microbes colonise the remaining unfilled space
in the root canal and infect the periapical area and the root canal filling (Sjogren et
al, 1990).

The classic theory of apical root anatomy is founded in three anatomical and histological
landmarks in the apical region of a root: the apical constriction (AC), the cementodentinal
junction (CDJ), and the apical foramen (AF) (Kuttler, 1955) as shown in Figure 1.1. The
American Association of Endodontists (AAE) defined the apical foramen as the main apical
opening of the root canal. The apical constriction was defined as the apical part of the root
canal that has the thinnest width. The location of the apical constriction might differ, but is
frequently 0.5-1.0mm short of the apical foramen (American Association of Endodontists,
2016).

Figure 1. 1 Anatomical and histological apical structures

1. Apical constriction. 2. Apical foramen. 3. Cemento-dentinal junction junction.

4. Anatomical apex. 5. Radiographic apex.

[Source: Kuttler, 1955]

The AAE also defines the cementodentinal junction as the area where the cementum and
dentin integrate; it is frequently used to represent the point at which the cemental surface
ends at or close to the tooth apex; the location of the cementodentinal junction ranges between

0.5-3mm from the anatomical apex of root (American Association of Endodontists, 2016). It



was found that the cementodentinal junction is a meeting point between dentin and cementum
in the root canal (Kuttler, 1955). The ESE suggested that the working length should be

determined between 0.5-2mm from the radiographic apex (Loest, 2006).

The apical constriction is considered the smallest diameter part of the root canal (Kuttler,
1955). The apical constriction is used regularly by dentists as a reference point to apical
termination of cleaning, shaping and filling of root canals. Kuttler (1955) stated that the
cementodentinal junction is a meeting point between dentin and cementum in the root canal.
Wau et al. (2000a) found that the apical constriction is regularly absent. Vertucci (2005)
declared that the clinical determination of the morphology of the apical region is difficult. He
also postulated that the presence of an apical constriction might be more theoretical than

actual.

Kuttler (1955) mentioned that the apical foramen is offset 0.5-3.0mm from the anatomic
apex. Dummer et al. (1984) found that the distance between the apex and apical foramen had
greater variance between different tooth types (they compared maxillary and mandibular
anterior teeth and premolars only), and they found the smallest distance was in maxillary
incisors (0.7mm). While the largest distance was in premolars (around 2mm). The authors

revealed that the total mean distance between root apex and foramen was 0.36mm.

Gutierreza and Aguayo (1995) concluded that the clinical determination of the opening of the
apical foramen was practically unattainable due to the huge variations of distance between
the root tip and foraminal openings, and because all the canals were deviated from the long
axis of the root. The authors also concluded that the openings of the apical foramen can be

found in different surfaces of the root.

Several studies have highlighted the controversy regarding the ideal working length.
However, the general consensus, suggested by Sjogren et al, is that the root canal preparation
and obturation should terminate between 0-2mm from radiographic apex. This is the
guideline taught at the University and has thus been used in this study (Sjogren et al., 1990;
Hayes et al., 2001; Hommez et al., 2002; Bottacz-Rzepkowska and Pawlicka, 2003; Er et al.,
2006; Eckerbom et al., 2007; Zhong et al., 2008; Tavares et al., 2009).



1.3.1.1 Effects of overfilling on the quality of root canal treatment

According to the AAE, overfilling of the obturation material is the extension of a semi-solid
or solid core root canal material beyond the apical foramen (American Association of
Endodontists, 2016). Sjogren et al. (1990) found that overfilling has no effect on the
prognosis of endodontic treatment. Similarly, Halse and Molven (1987) stated that
overfilling has little effect on the long-term healing as evaluated by postoperative

radiographs.

Schaeffer et al. (2005) stated that extruded obturation material beyond the
radiographic apex correlated with a decreasing prognosis of root canal treatment.
Siqueira (2001) regards this as a cause of failure and overfilling is associated with

intraradicular and /or extraradicular concomitant infections.

Sjogren et al. (1995) compared the tissue response of three varieties of gutta-percha
by implanting them subcutaneously in guinea pigs. The authors found that large
particles of gutta-percha did not provoke inflammation in the surrounding tissue and
were well encapsulated, whereas the other types (fine particles of gutta-percha and
dissolving particles of gutta-percha in resin-chloroform) caused an intense localised
response characterised by the presence of multinucleated giant cells and
macrophages. The authors then proposed that the aggregation of macrophages
around the gutta-percha might be a significant feature leading to impaired healing of
periapical lesions. In this study, overfilling is considered as an unfavourable

criterion that can have a negative effect on the quality of endodontic treatment.

1.3.1.2 Role of over instrumentation

According to the AAE, over instrumentation refers to instrumentation of the root canal that
extends beyond the apical foramen that leads to the loss of the apical constriction (American
Association of Endodontists, 2016). Overfilling often occurs as a consequence of over
instrumentation of the root canal. It affects the quality of root canal treatment by causing
patient discomfort, due to the extrusion of possible irritating material beyond the root apex
apex (Ricucci and Langeland, 1998). Yusuf (1982) found that 33% of periapical granulomas,
in cases of endodontic or apicetomy failure, contained a foreign material such as: cementum,

dentin chips, root filling material or amalgam. The author also found that evidence of root



filling material and amalgam were linked to a fibrous tissue reaction, while cementum and

dentin chips were related to active inflammation.

A study conducted by Noiri et al. (2002) investigated the participation of extraradicular
biofilm in refractory periapical periodontitis, using electronic microscopes. They studied
eleven teeth, previously filled with gutta-percha points under the scanning electron
microscope and found that bacterial biofilms were detected within the lesion at the
extraradicular region. From which it was inferred that the extruded gutta-percha acted as a
source of reinfection and that the body considered it as a foreign substance. In this study,

overfilling has been considered as unacceptable.

1.3.1.3 Effect of underfilling on the quality of root canal treatment

According to the AAE, underfilling refers to the incomplete obturation of the root canal
space, which subsequently results in voids (American Association of Endodontists, 2016).
Ingle (1961) showed that the main reason for endodontic failure is inadequate canal
instrumentation and incomplete obturation of the canal space. Chugal et al. (2003) stated that,
with reference to teeth or roots with AP, a shortage of 1mm from the optimal working length
increases the chance of failure of endodontic treatment by 14%. Underfilling has an indirect
influence on the prognosis of endodontic treatment. In cases of insufficient canal
instrumentation and incomplete obturation it may contain residual infected tissue (Lin et al.,
2005). Underfilling results in voids in the apical region of the canal. VVoids are considered to

be critically important as they provide spaces for bacterial colonization.

Sjogren et al. (1990) agreed that underfilling has lower success rates than overfilling, due to
the inability to clean the root canal to the advised working length. In contrast, Seltzer et al.
(1963) stated that underfilling had a more favourable success rate, with 87.2%, than the flush
and overfilling, which had success rates of 86.8% and 70.6%, respectively. Moreover, Akbar
(2015) concluded that the most common failures of endodontic treatment occur in cases of
underfilling followed by poorly filled canals. In this study, underfilling is defined as any root
filling that is shorter than 2mm from the radiographic apex. It has been considered as
unacceptable.



1.3.2 Effect of density of root filling on the quality of root canal treatment

The density of the root filling is another essential factor that influences the outcome or
prognosis of endodontic therapy. Sjogren et al. (1990) stated that teeth that were retreated
endodontically with adequate sealing had a higher success rate of 67% than inadequately
sealed teeth, which only had a success rate of 31%. Chugal et al. (2003) concluded that a
favourable prognosis of endodontic treatment was related to good density of root fillings,
which is measured by the absence or presence of voids between the root canal fillings along
the entire wall of the root canal In addition, voids can occur as a consequence of insufficient

placement of the sealer (Mounce, 2008).

Boucher et al. (2002) used the presence of voids and the extent of root canal filling from
radiographic apices as parameters to evaluate the outcome of endodontic treatment based on
periapical radiographs. The aforementioned periapical radiographs are two-dimensional
images of three-dimensional structures thus voids are inadequately represented in two
dimensions. This suggests that the real size of the voids might be larger than their appearance

on the radiographs.

Kirkevang et al. (2000) found that the presence of voids in root canal fillings have a
substantial impact on the incidence of AP. Furthermore, Hommez et al. (2002) found that the
incidence of AP had a 47.1% occurrence in samples of non-homogeneous root canal filling,

and a 27.7% occurrence in samples of homogeneous root canal filling.

The radiograph is used to determine the quality of root canal treatment by qualifying the
homogeneity of obturation, which depends on the absence or presence of voids (Khabbaz et
al., 2010). Many studies used density as one of the parameters to assess the quality of root
canal treatment (Tables 1.1 and 1.2). In this study, we considered the presence of voids in the
root filling as unacceptable.

1.3.3 Taper of the root filling

The taper of the root canal filling is another parameter used to assess the quality of root canal
treatment. The taper of the root canal is defined by Schilder (1974) as a continuous tapered

funnel shape of the root canal system to enable cleaning and facilitate obturation.



Table 1. 2 Frequencies of length, acceptable density and acceptable taper of root canal filling in previous studies.

Results
Authors Year Country Length
Density Taper
Adequate Underfilling Overfilling
Barrieshi-Nusair et al. 2004 Jordan 61.3% 34.5% 4.2% 72.6% 85.3%
Feftneriadis and 2005 Greece 62.7% 7.4% 1.8% 82.6% i
ambrianidis
Eretal. 2006 Turkey 69.6% 17.4% 13% 53.2% 68.3%
Lynch and Burke 2006 Ireland 70% 21% 9% 90% -
Pettigrew et al. 2007 Scotland 80% 5% 15% 80% -
Balto et al. 2010 K.S.A 79.6% * 11.3% 9.1% 34.9% 59.6%
Rafeek et al. 2012 Trinidad 63.1% 24.3% 12.6% 27.6% 72.2%
Smadi et al. 2015 Jordan 61.5% 14.1% 24.4% 50.5% 56.1%

* Balto et al. 2010 defined the adequate length when root filling ends <2 mm from radiographic apex, and they also defined flush when root filling at the
radiographic apex. Their result of 79.6% includes both adequate length and flush.
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The ESE (2006) advised that in accordance with their criteria for acceptable endodontic
treatment, the root filling has to be dense and consistently tapered (Loest, 2006). They
recommend that the canal preparation should taper from the crown to the root apex. Santos et
al. (2010) used the length, density and taper of the root canal filling in their assessment of the

quality of root canal treatment.

Root canal taper is a reflection of shaping the root canals and not the obturation. Arvaniti and
Khabbaz reported that there was no substantial difference in root canal cleanliness between
the different tapers (0.04, 0.06 and 0.08) in root canals that were prepared to an apical size
30. They also found that the smear layer was not completely removed in the three taper sizes
(Arvaniti and Khabbaz, 2011).

Zogheib et al. (2012) assessed the influence of different tapered preparation on the sealing
ability of Real Seal 1 at the apical 5mm of the obturated canals using micro-CT for analysis.
The results showed that the smallest taper size (0.04) had significantly greater volume of

voids, while the large taper sizes (0.06 and 0.08) revealed fewer voids.

In this study we considered any inconsistent taper of canal preparation from crown to apex as
unacceptable.

1.4 Influence of iatrogenic errors on the outcome of root canal treatment

In addition to the previously discussed criteria, root canal treatment may fail as a result of

procedural errors, also referred to as iatrogenic errors.

1.4.1 Root curvature as a predisposing factor of iatrogenic errors

According to Schneider (1971), root canal curvature is classified as either straight (5° degrees
or less), moderately curved (10° to 20° degrees) or severely curved (20° to 70° degrees).
Anterior teeth have fewer curved roots when compared to posterior teeth, so the root

curvature is also associated with location of the teeth.

The curvature of root canals is the most significant clinical factor correlating to ledge
formation (Greene and Krell, 1990; Kapalas and Lambrianidis 2000). Eleftheriadis and
Lambrianidis (2005) stated that curvature of the root canal is the most important clinical

factor related to root perforation.
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Suter et al. (2005) observed that curved root canals have a higher risk of fractured
instruments than straight canals. The authors found that rotary instruments (nickel-titanium
(NiTi) and Lentulo spiral) fractured more significantly in curved canals when compared to
hand instruments. This was due to the increase in cyclic fatigue imposed on the rotary file in

canals with greater curvature.

1.4.2 Types of iatrogenic errors

1.4.2.1 Ledge formation

The AAE (2016) defines the ledge as “an artificial irregularity created on the surface of the
root canal wall that impedes the placement of instruments to the apex of an otherwise patent

canal” (American Association of Endodontists, 2016).

Lambrianidis argues that ledges obstruct instrument access to the root apex, which further
leads to inadequate root canal instrumentation and obturation. Thus the presence of ledges
contributes to the incidence of periapical pathosis (Lambrianidis, 2009). It was found that the
unfavourable prognosis of ledge in endodontic treatment is based on bacterial virulence in

untreated apical areas of the root canal (Jafarzadeh and Abbott, 2007).

Ledges can be diagnosed from radiographs when the root filling material is shorter than 1mm
from the initial working length or from the original curvature of the root canal (Eleftheriadis
and Lambrianidis, 2005).

1.4.2.2. Zipping

According to the AAE, zipping is “a tear-drop shape that may be formed in the apical
foramen during preparation of a curved canal when a file extends through the apical foramen

and subsequently transports that outer wall” (American Association of Endodontists, 2016).

Elizabeth (2005) adds that stainless steel files, with sizes greater than 20, have a tendency to
straighten the root canal curvature and can lead to the deviation from the original shape of the
root canal. It has been shown, regardless of the file type, the incidence of zipping was
significantly greater with an increase in file size, especially sizes 30 and 35 (Eldeeb and
Boraas, 1985). Stainless steel (K-Flex) files preserved the original path of the curved root

canals when compared to (NiTi) files (Esposito and Cunningham, 1995).
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Zipping can be seen in radiographs when the apical end of obturated canals has an oval

shape transporting the outer wall of the root canal curvature (Balto et al., 2010).

1.4.2.3. Canal transportation

Transportation was defined as “removal of canal wall structure on the outside curve in the
apical half of the canal due to the tendency of files to restore themselves to their original

linear shape during canal preparation” (American Association of Endodontists, 2016).

Wau et al. (2000b) found that canal transportation is associated with leakage along the root
canal filling, while Gonzalez Sanchez et al. (2012) indicated that apical transportation might
encourage the concealment of debris and micro-organisms that remain due to improper
cleaning of the root canal. Furthermore, apical transportation of intracanal leads to bacterial
colonisation that is a factor associated with the occurrence of periradicular cysts in teeth after
endodontic treatment (Pai et al, 2014).

In postoperative radiographs, canal transportation is seen as an extension of the root canal

filling material towards the external canal curvature at the apical third (Balto et al., 2010).

1.4.2.4. Missed or untreated canal(s)

A missed or untreated canal is a root canal that is left without endodontic therapy. A root
canal may go untreated due to lack of experience of the operator in identifying canals or due
to canal blockages. In postoperative radiographs, missed or untreated canals are usually
diagnosed (with horizontally angulated radiographs) when the root canal filling is not centred
in the root and there is an associated radiolucency, which indicates the presence of another
canal (Balto et al., 2010).

The presence of bacteria is considered a reason for failure of endodontic treatment when a
canal is missed, since untreated canals or under-instrumented canals provides a favourable
living environment for micro-organisms to grow in and cause infection to the periradicular

tissues (Sjogren et al., 1997).

1.4.2.5 Fractured instrument(s)

Fractured instrument(s) refer to the occurrence of broken endodontic instruments within the

root canal system or that extend beyond the root apex.
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Suter et al. (2005) observed that straight canals have a lower incidence of fractured
instruments than curved canals. They also found that the frequency of fractured instruments
in the apical one-third is 41%, and is higher than the incidence in the middle and coronal
thirds which are 32% and 20%, respectively. Gencoglu and Helvacioglu (2009) found that
the root canal anatomy and location of the broken instrument influences the success of the

fractured instrument removal.

Souter and Messer (2005) showed that files lodged at the coronal and middle third of the root
canal can be removed without major complications. They also suggested that the removal of
fractured instruments in the area beyond the curve should not be consistently attempted,

because it leads to decreased strength of the root and subsequent perforation.

Fractured instrument is detectable on the postoperative radiograph when the fractured
instrument appears within the root canal or the fractured tip protrudes through the root apex
(Eleftheriadis and Lambrianidis, 2005).

1.4.2.6. Perforations

The AAE defined perforation as the “mechanical or pathologic communication between the
root canal system and the external tooth surface” (American Association of Endodontists,
2016).

Mechanical perforation is an iatrogenic error that can occur at any level of the root canal
system and the crown level due to misalignment of burs and inappropriate use of endodontic
instruments (Harris, 1976). In contrast, non-iatrogenic perforation occurs as a consequence of
caries or root resorption. Furthermore, perforations that occur coronal or apical to the
epithelial attachment and crestal bone had a good prognosis while perforation occurs at the

epithelial attachment and crestal bone had a poor prognosis (Fuss and Trope, 1996).

Perforations appear on postoperative radiographs when the obturating material is extruding

through the root canal walls at any level of the root canal system (Khabbaz et al., 2010).

1.5 The motivation for this study

Several studies have been conducted in different parts of the world, where post-operative

radiographic information was used to analyse the quality of root canal treatment performed
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by undergraduate students. The purpose of evaluating the quality of root canal treatment is to
help improve the skills of undergraduate students by modifying future endodontic educational
programmes. It is also an excellent tool to evaluate current teaching practices. No such
evaluations have been previously performed at the University of Witwatersrand Oral Health

Centre.
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CHAPTER 2

AIM AND OBJECTIVES

2.1 Aim

The aim of this study is to assess the quality of root canal treatment performed by

undergraduate students at the Wits Oral Health Centre.

2.2 Objectives

1- To determine the quality of endodontic treatment performed by undergraduate
students based on the periapical radiographs at Wits University over the past three

years.

2- To compare the quality of root canal treatment performed between the 3, 4" and 5%

year undergraduate student groups.
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CHAPTER 3

METHODS AND MATERIALS

3.1 Sample size calculation

A margin of error of 0.05, confidence interval of 95% and an estimated acceptable length of
root canal filling of 50.5 % as reported by Smadi et al. (2015) was also used for this study as
reported by Smadi et al. (2015). A sample size of 196 will be sufficient.

Sample size formula: n=Z 2P (1-P) = &?

Where n is sample size, P is estimated prevalence, e is margin of error and Z2 is the

confidence interval.

3.2 Methods and materials

This is a retrospective study, composed of 299 postoperative periapical radiographs of
patients treated by 3", 4" and 5" year undergraduate dental students, at the School of Oral
Health Sciences at the University of the Witwatersrand, between January 2013 and December
2015. The endodontic patients’ radiographics were examined using a magnifying lens (2x
magnification) and endodontic ruler in a dark room using a radiographic viewer. Twenty
cases, not included in the study sample, were used to compare the inter-rater agreement

between the two main investigators.

Ethical clearance and permission to conduct this study was obtained from the Human
Research Ethics Committee and the Hospital Risk Assessment Committee respectively
(Appendices A and B).

3.2.1 Quality of root canal treatment

The three main criteria assesed on the postoperative radiographs are:

1- Length of root fillings

A- Adequate: Root filling 0-2mm from radiographic apex.
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B- Overfilling: Root root filling extends beyond radiographic apex.

C- Underfilling: Root root filling >2mm from radiographic apex.
Density of root fillings

A- Acceptable: No voids between root filling and root canal walls or in the root
filling.
B- Unacceptable: Voids present between root filling and root canal walls or in the

root filling.
Taper of root fillings

A- Acceptable: Consistent taper from the orifice to the root apex.

B- Unacceptable: Inconsistent taper from the orifice to the root apex.

3.2.2 latrogenic errors

The iatrogenic errors investigated on the postoperative radiographs were:

1-

Ledge formation: When the root filling is shorter than 1mm from the initial working

length or from the original curving of the canal.

Zipping: When the apical end of filled canals appears as ovate shaped transportation
of the outer wall of the root canal.

Canal transportation: When the root canal filling material is placed external to the root
canal curve at the apical third.

Missed/untreated canal(s): When an unfilled canal is detected on the periapical
radiographs.

Fractured instrument(s): When the fractured instrument is visible inside the root canal
or with its tip protruding into the periapical area.

Perforation: When there is extrusion of root canal filling material in any region

beyond the root.

3.3 Statistical analysis

IBM SPSS 24.0 was used to analyse the results of this study. Cohen’s Kappa was used to

measure the inter-rater reliability of the root canal treatment variables between two clinicians.

Descriptive statistics of frequency and percentages were used to summarise the results.
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Inferential statistics using Fischer’s exact test were used to determine the association between

independent and dependent variables.

3.4 Inclusion and Exclusion criteria
3.4.1 Inclusion criteria

1- This study included all teeth endodontically treated by the 3, 4" and 5" undergraduate
students, under supervision, from January 2013 until December 2015.

2- Teeth with complete root apices.

3- Patient files with postoperative radiographic records of good condition.

4- All permanent teeth (except the 3™ molars).

5- The root canal treatment must have been completed.

6- Postoperative radiographs must show a minimum of 2mm beyond the root apex.

3.4.2 Exclusion criteria

This study excluded patient records that showed any of following:-

1- Any radiographical deformity.

2- Patient files that had incomplete radiographic records eg. missing postoperative
radiographs.

3-Any third molar teeth.

4- Any teeth with complex anatomy such as severe root canal curvature.

5- Root resorption (external or internal) prior to root canal obturation.

6- Root fracture.
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CHAPTER 4

RESULTS

4.1 Inter-rater agreement

Twenty cases, not included in the study sample, were used to compare the inter-rater
agreement between the two main investigators. The parameters that were used in this test
were: length, density and taper of root canal filling. Cohen’s Kappa was used to measure

agreement (Table 4.1)

Table 4. 1 Measure of inter-rater agreement across the three assessed parameters.

Cohen’s Kappa

Length of filling 1.00
Density of filling 0.93
Taper filling 0.77
4.2 Results

385 cases were treated by the 3", 4™ and 5" year dental students between January 2013 and
December 2015. 86 cases were excluded from the study due to the following reasons: 32
cases did not have postoperative radiographs and 54 cases were incomplete. A total of 299
periapical radiographs of teeth treated by the 3", 4" and 5" year dental students between
January 2013 and December 2015 were analysed. Table 4.2 depicts the distribution according

to student year.
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Table 4. 2 Distribution of cases according to student year.

Student year N %
Third year students 85 28.4
Fourth year students 106 35.5
Fifth year students 108 36.1
Total 299 100

4.2.1 Tooth location and position

153 (51.2%) of the teeth treated were anterior and 155 (51.8%) were maxillary teeth. The 3™
year students treated anterior teeth only, whilst 61.3% and 75% of the teeth treated by the 4™
and 5" year group were posterior teeth (Table 4.3). The central incisors had the largest
number in the sample (33.1%), while the lowest number was in canines (5.4%). The tooth
predominately treated by 3" year students was the central incisor, while for 4" year students,
it was the 2" premolar, whereas for the fifth year students, the highest number was the first
molar (Table 4.3).

4.2.2 Number of roots and root curvature

The frequency of single rooted teeth was the highest (60.9%), while the frequency of teeth
with three roots was the lowest (12.4%) as shown in Table 4.4. 58.5% of teeth treated by the
4™ year students were single rooted teeth, while 47.2% of teeth treated by the 5" year
students had two roots. On the other hand, 53.8% of the sample size of this study had
moderately curved roots. 75.3% of teeth treated by the 3™ year students were straight rooted
teeth, whereas 72.2% of teeth treated by the 5 year students had moderately curved roots
(Table 4.4).
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Table 4. 3 Tooth position and location.

Third Fourth Fitth Total
ift r t
Teeth characteristics year year yea ot P value
N % N % N % N %
Central incisor | 47 | 55.3 27 25.5 26 | 24.1] 100 33.1
Lateral incisor | 29 | 34.1 9 8.5 - - 37 12.7
p Canine 9 10.6 6 5.7 1 0.9 16 5.4
(@]
=) 1t premolar - - 17 16 8 74 25 8.4 <0.001
_|
§ 2" premolar - - 28 26.4 8 74 36 12
15t molar - - 14 132 | 38 |352] 53 17.7
2" molar - - 5 4.7 27 | 25.0] 32 10.7
Teeth Anterior 85 100 41 38.7 | 27 25 153 51.2 0.001
<0.
Location Posterior - - 65 61.3 81 75 146 48.8
Teeth Maxillary 46 | 54.1 65 61.3 | 44 | 40.7 ] 155 51.8 0.001
<0.
position Mandibular 39 | 459 ] 41 | 387 | 64 |59.3]| 144 48.2
Table 4. 4 Number of roots and root curvature.
Third year | Fourthyear | Fifth year Total )
N % N % N N %
Number of roots**
Single 85 100 62 58.5 35 324 | 182 | 60.9
Two roots - - 29 | 274 51 | 472 | 80 | 26.7 | <0.001
Three roots - - 15 14.1 22 20.4 37 12.4
Root curvature**
Straight 64 75.3 44 41.5 30 27.8 | 138 | 46.2 <0.001
Moderate 21 24.7 62 58.5 78 72.2 | 161 | 53.8

Level of significance, p<0.001**
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4.2.3 Quality of the root canal obturation

The quality of the root canal filling was determined by reporting the length, density and taper
of the root canal filling. Table 4.5 presents the frequencies of the quality of the root canal
filling. The total number of canals with adequate length was 68.9%, while total acceptable
density of root filling was 73.6%, and the total acceptable taper of root filling was 70.9%
(Table 4.5).

The best adequate length and overfilling results were in the teeth treated by the 5 year
students, while the worse overfilling result was in teeth treated by the 3 year students. On
the other hand, the best underfilling result was in teeth treated by the 3™ year students,
whereas the worse adequate length underfilling results were in teeth treated by the 4" year
students (Table 4.5).

The highest number of acceptable density of root canal filling was in teeth treated by the 3"
year students, while the lowest result was in teeth treated by the 4™ year students. The highest
acceptable taper of root canal filling was in teeth treated by the 5™ year students, whereas the

lowest result was in teeth treated by the 4" year students (Table 4.5).

4.2.3.1 Length of root filling

The total adequate length and underfilling results in anterior and maxillary teeth were better
than posterior teeth and mandibular teeth respectively, (Figure 4.1). In contrast to that, the
overfilling results of posterior and mandibular teeth were better than anterior and maxillary
teeth respectively (Figure 4.1). With the exception of the adequate length in mandibular teeth
treated by the 4™ year students, adequate results in all tooth locations treated by all students’
years was greater than 61%, while the total adequate length in all tooth locations was greater
than 66%.

4.2.3.2 Acceptable density and taper of root filling

The acceptable density of root filling was greater than 63% in all tooth locations
treated by all students (Figure 4.2). However, the total acceptable density of root
filling in all tooth locations was greater than 68%, while the total acceptable taper of

root filling was >56% in all tooth locations treated by all students (Figure 4.2).

23



However, the total acceptable taper of root filling in all tooth locations was greater
than 64%. The highest acceptable density and taper was in anterior teeth treated by
the 5" year students, while the lowest acceptable density was in mandibular teeth
treated by the 4" year students, whereas the lowest acceptable taper was in posterior
teeth treated by the 4™" year students (Figure 4.2).

Table 4. 5 Quality of the root canal obturation.

Third year | Fourth year | Fifth year Total

N % N % N % N %

Length of root canal filling

Adequate 59 694 | 67 | 632 | 80 | 741 | 206 | 689
Overfilling 12 141 | 8 75 7 | 65 |27 | 9
Under filling 14 165 | 31 | 202 | 21 | 194 | 66 | 221

Density of root canal filling

Acceptable 68 80 73 68.9 79 | 731 | 220 | 736

Unacceptable 17 20 33 31.1 | 29 | 269 | 79 | 264

Taper of root canal filling

Acceptable 64 75.3 66 623 | 82 | 759 | 212 | 70.9

Unacceptable 21 24.7 40 377 | 26 | 241 | 87 | 29.1

4.2.3.3 Total frequencies of length, density and taper of root filling according to tooth

location and root curvature

The best adequate length (and lowest underfilling) results were in central incisors,
while the worse adequate length and underfilling results were in second molars. In
contrast to that, the better overfilling result was in second molars, while the worse
result was in central incisors (Table 4.6). The adequate length and overfilling results
were higher in teeth with straight roots than the teeth with moderately curved roots,
whereas the frequency of underfilling was higher in teeth with moderately curved
roots (Table 4.6).
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<
S 40%
[<5]
: |

30% |

20% |

10% |

0% Fourth Fourth Fourth
Third year year Fifth year Total Third year year Fifth year Total Third year year Fifth year Total
Adequate Overfilling Underfilling

m Anterior 69.4% 65.8% 85.2% 71.2% 14.1% 9.8% 11.1% 12.4% 16.5% 24.4% 3.7% 16.4%
m Posterior 0% 61.5% 70.4% 66.4% 0% 6.1% 4.9% 5.5% 0% 32.3% 24.7% 28.1%
u Maxillary 69.6% 72.3% 70.5% 71% 19.6% 0% 15.9% 10.3% 10.9% 27.7% 13.6% 18.7%
m Mandibular | 69.2% 48.8% 76.6% 66.7% 7.7% 19.5% 0% 7.6% 23.1% 31.7% 23% 25.7%

Figure 4. 1 Length of root canal filling.
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90%
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Acceptable Density Acceptable Taper
u Anterior 80% 70.7% 85.2% 78.4% 75.3% 70.7% 92.6% 77.1%
m Posterior 0% 67.7% 69.1% 68.5% 0% 56.9% 70.4% 64.4%
u Maxillary 80.4% 72.3% 72.7% 74.8% 76.1% 64.6% 75% 71%
® Mandibular 79.5% 63.4% 73.4% 72.2% 74.4% 58.5% 76.6% 70.8%

Figure 4. 2 Acceptable density and taper of root canal filling.
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The highest acceptable density and taper of root canal filling result was in central
incisors, while the lowest density and taper was in second molars. The acceptable
density and taper was higher in teeth with straight roots than in teeth that had
moderately curved roots (Table 4.6).

4.2.3.4 Acceptable root canal filling

An acceptable root canal filling is based on the length and density or length, density and taper
of the filling (Figure 4.3). Acceptable root filling based on the length and density were
greater than 63% in all years. However, the treatment performed by the 5" year students
(71.9%) was the highest acceptable root filling when compared to the 3 year students
(69.4%) and the 4™ year students (63.2%).

Acceptable root canal filling based on the length, density and taper were greater than 55% in
all student years. However, the teeth treated by the 4™ year students were the least acceptable
result (55.7%) when compared to the 5" year (68.5%) and 3™ year (63.5%), as shown in
Figure 4.3.

80%
70%
60%
50%
(5]
&
= 40%
S
a 30%
20%
10%
0% - -
Third year Fourth year Fifth year
m Length and density 69.4% 63.2% 71.9% 67.9%
m Length, density and taper 63.5% 55.7% 68.5% 62.5%

Figure 4. 3 Acceptable root canal filling.
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Table 4. 6 Total frequencies of length, density and taper of root filling according to tooth location and root curvature.

Tooth type Root curvature
Total
Central Lateral . First Second First Second
o o Canine Straight Moderate
incisor incisor Premolar | Premolar molar molar
N % N % N %N | %[N % |N % N % N | % N % N %

Adequate 76 76 23 1622 ] 10 (625 18 | 72 25 169.4 ] 35 66 19 59.4 108 | 78.3 98 60.9 | 206 68.9
=
IS
S Overfilling 15 15 2 5.4 2 |125 2 8 3 8.3 2 3.8 1 3.1 17 | 12.3 10 6.2 27 9
-

Underfilling 9 9 12 (324 | 4 25 5 20 8 |222 1] 16 | 30.2 12 375 13 | 9.4 53 32.9 66 22.1
> Acceptable 85 85 24 1649 1] 11 (688 | 20 | 80 24 166.7 ] 34 | 64.2 20 62.5 117 |84.8 | 103 64 220 73.6
2
a)

Unacceptable | 15 15 13 |35.1 5 |31.3 5 20 12 333 | 19 | 358 12 37.5 21 |15.2 58 36 79 26.4
= Acceptable 85 85 23 1622 ] 10 (625 19 | 76 23 639 ] 34 |64.2 18 56.3 120 | 87 92 57.1 212 70.9
s

Unacceptable | 15 15 14 |37.8 6 |375 6 20 13 [36.1 | 19 | 35.8 14 43.8 18 | 13 69 42.9 87 29.1
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4.2.3.5. Association between the quality of root canal filling and year of study

Table 4.7 shows the results of the association between year of study and the quality of the

root canal filling measured by the length, density and the taper of root canal filling.

The Fischer’s exact test was used to examine the association between year of study and the
quality of root canal filling. The test revealed that there was no significant association

between the year of study and all the measures of quality of the root canal filling (p>0.05).

Table 4. 7 Association between students’ year of study and the quality of root canal

filling.

Fischer’s Exact Test

Length of canal filling 0.09
Density of root canal filling 0.22
Taper of root canal filling 0.06

Level of significance, p<0.05*.

4.2.4 latrogenic errors

The iatrogenic errors measured were ledge formation, presence of zipping, canal
transportation, missed or untreated canals, fractured instruments and perforation. The overall
and the student year specific frequency of the presence and absence of iatrogenic errors are
outlined in Tables 4.8- 4.10.

4.2.4.1 Total iatrogenic errors

The most common iatrogenic errors in this study were ledge formation and canal
transportation, while the least iatrogenic error was missed or untreated canal(s), as shown in
Table 4.8. The most common of iatrogenic errors in teeth treated by the 3™ year students was
zipping and canal transportation, while in teeth treated by the 4" year students was ledge

formation, whereas it was zipping for 5" year students (Table 4.8).
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4.2.4.2 Total iatrogenic errors according tooth location and position

With the exception of perforation which was equal in maxillary and mandibular teeth, while
the perforation was higher in anterior teeth than posterior teeth, the frequency of iatrogenic
errors was greater in mandibular and posterior teeth than maxillary and anterior teeth,
respectively, as shown in Table 4.9.

4.2.4.3 Presence of iatrogenic errors according to students and location of teeth

With the exception of missed or untreated canal(s) and fracture instrument(s) the incidence of
iatrogenic errors in teeth treated by the 4™ year students were higher in mandibular teeth than
maxillary teeth, while in teeth treated by the 5" year students the all iatrogenic errors were
higher in mandibular teeth than maxillary teeth with exception of perforation as shown in
Table 4.10.

There was no significant difference in the iatrogenic errors shown by the students between
the year of study (p>0.05).

4.2.4.4 Total absence and presence of iatrogenic errors

The overall absence of iatrogenic errors in all students’ years in this study was 62.9% (Figure
4.4). The highest absence of iatrogenic errors was in teeth performed by the 5" year students
(64.8%), while the least absence of iatrogenic errors was in teeth performed by the 4™ year
students (60.4%).

4.2.4.5 Presence of iatrogenic errors according to tooth type and root curvature

With the exception of perforation, the highest presence of other iatrogenic errors was in
second molars, while the highest presence of perforation was in canines (Table 4.11). In
addition to that, the presence of iatrogenic errors with exception to perforation was higher in
teeth with moderately curved roots than straight roots; in contrast to that, the presence of
perforation was higher in teeth with straight roots than teeth with moderately curved roots
(Table 4.11).
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Table 4. 8 Total iatrogenic errors.

Third Fourth Fifth year Total

year year P

N | % N % N % N | %
Ledge formation

0.17

Present 20 | 235 | 40 | 37.7 | 27 25 | 87 |29.1
Absent 65 | 765 | 66 | 623 | 81 | 75 | 212|709
Zipping
Present 23 271 19 | 179 ] 28 | 259 | 70 | 234 035
Absent 62 | 729 | 87 | 821 ]| 80 | 741|229 | 76.6
Canal transportation
Present 23 | 211 | 28 | 264 | 27 | 25 | 87 | 2011 062
Absent 62 | 72.9 78 73.6 81 75 212 | 70.9
Missed or untreated
canal(s)
Present - - - - 1 0.9 1 ]03 1.00
Absent 85 | 100 | 106 | 100 | 107 | 99.1 | 298 | 99.7
Fractured instrument(s) 0.11
Present - - - - 3 2.8 3 1
Absent 85 | 100 106 100 105 | 97.2 | 296 | 99
Perforation
Present 12 | 141 | 8 75 7 65 | 27 | 9 | 016
Absent 73 1859 | 98 | 925 ] 101 | 935|272 | 91

Level of significance, p<0.05*
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Table 4. 9 Total iatrogenic errors according tooth location and position.

Anterior Posterior Maxillary | Mandibular

N % N % N % N %

Ledge formation

Present 36 | 235 | 51 | 349 | 43 | 277 | 44 | 306
Absent 117 | 765 | 95 | 651 | 112 | 723 | 100 | 69.4
Zipping

Present 35 | 229 | 35 | 24 | 33 | 213 | 37 | 257
Absent 118 | 771 | 111 | 76 | 122 | 787 | 107 | 743

Canal transportation

Present 35 | 229 | 43 | 295 39 | 252 | 39 | 271

Absent 118 | 771 | 103 | 705 | 116 | 748 | 105 | 72.9

Missed or untreated

canal(s)

Present - - 1 0.7 - - 1 0.7
Absent 153 | 100 | 145 | 993 | 155 | 100 | 143 | 99.3
Fractured instrument(s)

Present - - 3 2.1 1 0.6 2 1.4
Absent 153 | 100 | 143 | 97.9 | 154 | 99.4 | 142 | 98.6
Perforation

Present 18 | 118 9 |62 14 9 13 9

Absent 135 | 882 | 137 | 938 | 141 | 91 | 131 | 91
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Table 4. 10 Presence of iatrogenic errors according to student and location of teeth.

Anterior | Posterior Maxillary | Mandibular

N % N | % N % N %

Ledge formation

Third year students 20 | 235 | - - 11 | 239 9 231
Fourth year students 14 | 341 ] 25 | 385 22 33.8 18 43.9
Fifth year students 6 222 | 21 | 259 10 22.7 17 26.6
Zipping

Third year students 23 | 271 | - - 13 | 283 | 10 | 256
Fourth year students 10 | 244 | 11 | 16.9 9 12.3 12 29.3
Fifth year students 9 | 333 19 |235] 13 29.5 28 43.8

Canal transportation

Third year students 23 27.1 - - 13 28.2 10 25.6
Fourth year students 11 | 268 ) 17 | 26.1] 14 215 14 34.1
Fifth year students 8 296 | 19 | 235 13 29.5 15 23.4

Missed or untreated canal(s)

Third year students - - } - } } } }

Fourth year students - - - - - - - -

Fifth year students - - 1 1.2 - - 1 1.6

Fractured instrument(s)

Third year students - - - - - - - -

Fourth year students - - - - - - - -

Fifth year students - - 3 3.7 1 2.3 2 3.1

Perforation

Third year students 12 | 141 ] - - 9 19.6 3 7.7
Fourth year students 3 7.3 5 7.7 - - 8 195
Fifth year students 3 111 4 4.9 5 114 2 3.1
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m Absence 63.5% 60.4% 64.8% 62.9%

Figure 4. 4 Total absence and presence of iatrogenic errors.

4.2.5 Overall acceptable quality of root canal filling and presence of

latrogenic errors

The acceptable quality of root canal filling based on acceptable length and density without
iatrogenic errors was greater than 57% in all student years, while the best acceptable result
was in teeth treated by the 5" year students (62%), as shown in Figure 4.5. On the other hand,
the acceptable quality based on acceptable length, density and taper without iatrogenic errors
was greater than 50% in all student years, the lowest result was in teeth treated by the 4™ year
students (50.9%).
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Table 4. 11 Presence of latrogenic errors according to teeth types and root curvature.

Tooth type Root curvature
Total
Central Lateral First Second First Second
incisor incisor Canine  Ipremolar | Premolar molar molar Straight Moderate
N % N % N % N | % N % N | % N % N % N % N %
Ledge 16 | 16 15 405 5 (3125 |20 9 25 18 |34 | 19 (593 )35 254 )52 323 ] 87 |29.1
Zipping 24 | 24 8 |216] 3 188 4 |16 6 |16.7 | 11 [23.4] 14 (368 |27 | 19.7 | 43 | 267 | 70 |234
Canal
. 21 | 21 10 | 27 4 25 5 120 8 (222 | 15 319] 15 469 |37 | 26.8 | 50 |31.1 | 87 |29.1
transportatlon
Missed or untreated
- - - - - - - - - - - - 1 2.6 - - 1 0.6 1 0.3
canal(s)
Fractured
. - - - - - - - - - - 1 |21] 2 5.3 - - 3 1.9 3 1
instrument(s)
Perforation 12 | 12 2 |54 4 |25 12 |8 3 /83 3 |57 1 |31 1]15/109 12 | 75 27 9
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Figure 4. 5 Overall acceptable quality of root canal filling and presence of iatrogenic

errors.
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CHAPTER 5

DISCUSSION

A new undergraduate curriculum was implemented in 2012 at the University of
Witwatersrand, whereby the endodontic undergraduate preclinical course began in the second
year, instead of the third year. Several changes were made to the didactic and clinical
teaching schedule. The time allotted to the undergraduate endodontic courses is shown in
Table 5.1.

Table 5. 1 The allocation for undergraduate endodontic course at WITS University as
from 2012.

Student year S;Z(;rr]d 1;/2';' F;:;h ';Lf;? Total
Lectures / Tutorials 08 16 16 10 50
Preclinical hours 44 12 4 0 60
Clinical hours 0 20 60 60 140
Total 52 48 80 70 250

The 2" year students have to complete endodontic treatment of four extracted teeth (two
anterior and two premolars). The first two teeth (one anterior and one premolar) are treated
under supervision; while the latter two teeth are assessed with the marks contributing toward
the student’s grade. Third year students have a preclinical and clinical components to their
course. During the preclinical training, the students must complete two molar endodontic
treatments. The absolute minimum clinical quota for undergraduate students at Wits Oral
Health Centre is shown in Table 5.2. All clinical requirements (quota) of the 3, 4" and 5%

year students have to be completed by the penultimate month of their final year of study.
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Table 5. 2 The minimum clinical quota for undergraduate students at Wits School of

Oral Health Sciences.

uota :
Proced _ Q _ Cumulative
year year year

Single-rooted teeth 2 2 1 5
Dual-rooted teeth 0 2 2 4
Multi-rooted teeth 0 2 2 4
Re-treatment 0 0 1 1
Use of microscope - molar tooth* 0 0 1 1

* Means that the microscope must be used to perform one of the molar endodontic treatments

Endodontics is not recognised as an independent dental speciality in South Africa. For this
reason, the undergraduate endodontic course is taught by general dental practitioners and
prosthodontists. The staff: student ratio is 1:7 for preclinical teaching and 1:5 for clinical
teaching.

The preclinical staff: student’s ratio at Wits University was greater than described by Lynch
and Burke (2006) (1:8), Pettigrew et al. (2007) (with 1:12), and Smadi et al. (2015) (with
1:15). The preclinical hours at Wits University is 60 hours, which is greater than studies done
by Lynch and Burke (2006) at University Dental School and Hospital, Cork was (48 hours),
Pettigrew et al. (2007) at Glasgow Dental Hospital and School was (32 hours) and Rafeek et
al. (2012) at the University of the West Indies was (54 hours), while it was less than the study
by Smadi et al. (2015) at the University of Jordan was (56 hours). The allotted hours for
lectures and tutorials over the four endodontic course years totalled 50 hours which was
greater than the study done by Rafeek et al. (2012) (15 hours).

In addition to the above, the clinical staff: student’s ratio at Wits University (1:5) was greater
than Barrieshi-Nusair et al. (2004) at Jordan University of Science and Technology (with
1:6), Eleftheriadis and Lambrianidis (2005) at Aristotle University of Thessaloniki (with 1:8),
Lynch and Burke (2006) (1:8), Pettigrew et al. (2007) (with 1:12 for 5" year), Balto et al.
(2010) at King Saud University (1:7 for 4™ year and 1: 2 for 5" year), Rafeek et al. (2012) at
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the University of the West Indies was (1:10) and Smadi et al. (2015) at the University of
Jordan was (1:12).

At the Wits University School of Oral Health Sciences, standard endodontic protocol in the
3" and 4™ years includes the step-back preparation and lateral condensation obturation
techniques. Stainless steel K-files with a triangular cross section are used. A 1% sodium
hypochlorite irrigation solution is advocated, and all files and cones are ISO 2% tapered.
Topseal is the root canal sealant of choice. The 5" year students predominantly utilise rotary
instrumentation for canal preparation. ProGlider files are used for glide path preparation
followed by Protaper Next (PTN) files. The endodontic clinical protocol specifies certain
radiographs that should be taken during and after every root canal treatment. Thus, no
additional radiographs were required for this retrospective study. Teeth were excluded from
the study when these radiographs were unreadable or unavailable. Standard endodontic
protocol is that all endodontic readiographs be taken using an Endo Rinn® instrument, at a

preset exposure to ensure image quality.

The European Society of Endodontology (1992) recommended that students have to perform
endodontic treatment on uncomplicated teeth (single and multirooted), and they have to be
familiar with problems encountered in complicated endodontic treatments. The ESE, in their
definition of uncomplicated treatment, include that the tooth curvature is less than 15° from
the axis of the roots. The 3" year students treated only the anterior teeth, 75.3% of them were
straight, while the 4" year students treated posterior teeth (61.3%) for the first time in the
clinic, of which 58.5% were moderately curved teeth. These differences in the complexity of
cases between the different student groups explain why the result of the 3™ year students in
general was better than the 4" year students. There was a significant difference in the number
of roots and root curvature of the teeth treated between the 3 4™ and the 5 year students
(p<0.001).

5.1. Discussion of the results per student’s year

5.1.1 Third year students

85 of the 299 teeth (28.4%) performed by the 3 year students (Table 4.2) were assessed.
These were all single rooted teeth, 75.3% of them were straight, while 24.7% were

moderately curved (Table 4.4).
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The third year students had the lowest percentage of underfilled canals than the 4" and 5™
year students (16.5%, 29.2% and 19.4% respectively). Yet interestingly, the 3™ year students
had the highest number of overfilled canals than the 4" and 5" year students (14.1%, 7.5%
and 6.5% respectively). Because they only treated anterior teeth with relatively wider and
straight canals, they had little difficulty at finding the full length. However, a possible
explanation for their high rate of overfilling is their inexperience and their inability to confine
the instrumentation to within the canal. Thus, the high rate of overfilling could be due to

overinstrumentation.

The underfilling result in maxillary teeth treated by 3 year students was better than in
mandibular teeth (Figure 4.1). In contrast to that, the overfilling result was better in
mandibular teeth than in maxillary teeth due to overinstrumentation in the large canals of

maxillary teeth.

The density and taper of maxillary teeth treated by the 3™ year students was better than in the
mandibular teeth (Figure 4.2). The simple explanation for this is the relative difference in the
size of the canals; that maxillary teeth have larger canals than the mandibular teeth.

In teeth treated by the 3" year students, there were no missed or untreated canal(s) and
fractured instrument(s) in either mandibular or maxillary teeth (Tables 4.8 and 4.10). This
student group also had the lowest prevalence of ledge formation. This was expected as all
teeth were single rooted, had large single canals, and 75.3% of treated teeth had straight
roots. In addition, iatrogenic errors in maxillary teeth treated by the 3™ year students were
higher than mandibular teeth (Table 4.10); this may have occurred due to the high number of
maxillary teeth treated by the 3" year students (54.1%), as shown in Table 4.3.

Pruett et al. (1997) discussed the relationship between the degrees of root curvature, the
relative stiffness of the endodontic instruments and the incidence of iatrogenic errors. They
stated that the smaller the radius of canal curvature, the greater the stress placed on the
endodontic instruments which may also be a significant factor clinically contributing to
instrument breakage and canal transportation. In this study, the iatrogenic errors in teeth
treated by 3" year students were higher than the teeth treated by the 5" year students (Figure
4.4). This decrease in the prevalence of iatrogenic errors with time (from 3™ to 5" year) is
related to the experience gained by the students. The results of zipping and perforation were
the highest in 3™ year students, among all students’ years (Table 4.8); and again, this is

explained by a relative lack of experience.
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5.1.2 Fourth year students

Although the students are exposed to treating premolars and molar teeth in their preclinical
exercises in the second and third year, their first clinical exposure to multirooted teeth is in
the fourth year. In this study, 35.5% of the teeth assessed were treated by the 4" year students
as shown in Table 4.2.

With the exception of overfilling, the results of the main criteria assessed in this study
(length, density and taper) show that the fourth year students produced the lowest quality
rating among all student years (Table 4.5). This was attributed to the inexperience of the
students in treating posterior teeth. Moreover, 61.3% of teeth treated by the 4" year students
were posterior teeth (Table 4.3). In this study, 58.5% of teeth treated by the 4™ year students
had moderately curved roots, while 41.5% of the teeth had two and three roots (Table 4.4.).
In addition to using manual preparation techniques, the fourth year students also used rotary

endodontic techniques with NiTi files for the first time.

The 4™ year group had a lower degree of overfilling when compared to the 3" year group, but
a higher degree of overfilling when compared to the 5" year group. Anterior teeth treated by
the 4" year students displayed a higher prevalence of adequate length, underfilling,
acceptable density and taper when compared to posterior teeth (Figures 4.2 and 4.3).

Unexpectedly, the 4" year students showed no missed or untreated canal(s) and fractured
instrument(s) (Tables 4.8 and 4.10). The frequencies of other iatrogenic errors in maxillary
teeth treated by the 4" year students were lower than in mandibular teeth (Table 4.10). This
may have occurred due to the variation of morphology between the maxillary and mandibular
teeth, even though 61.3% of the treated teeth were maxillary teeth. With the exception of
zipping and canal transportation, the frequencies of other iatrogenic errors in anterior teeth

were lower than the posterior teeth.

The presence of ledges in teeth treated by the 4™ year students was the highest when
compared to the 3 and 5" year students (37.7%, 23.5% and 25% respectively) as shown in
Table 4.8. This finding was attributed to the inexperience of the 4" year students to posterior
endodontic treatment which constituted 63.1% of teeth treated by this group. In contrast to
the above, the presence of zipping and canal transportation in teeth treated by the 4" year

students was the lowest among all student years. The presence of perforation was lower than
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the 3 year students, but higher than the 5" year students; again relative to student

experience.

5.1.3 Fifth year students:

Fifth year BDS students at Wits University treat the anterior and posterior teeth. In this study,
75% of treated teeth by the 5" year students were posterior teeth while 25% were anterior
teeth. In this study, 36.1% of all the teeth assessed were treated by the 5" year students as
shown in Table 4.2. 72.2% of teeth had moderately curved roots, while 67.6% of the teeth
were multirooted teeth (Table 4.4).

The 5™ year students had the best adequate length and overfilling results than the 3 and 4™
year students (74.1%, 69.4% and 62.3%). This finding highlighted the experience of this
student cohort over other years. However, the underfilling results of the 3 year students
were better than the 5™ year students (Table 4.5). This occurrence was due to the fact that
72.2% of treated teeth by the 5™ year students were moderately curved, while 75.3% of
treated teeth by the 3™ year students were straight and single rooted teeth (Table 4.4). In
addition, 75% of the teeth treated by the 5™ year students were posterior teeth (Table 4.3).

The presence of ledges, missed or untreated canal(s) and fractured instrument(s) in anterior
and maxillary teeth treated by the 5" year students were better than posterior and mandibular
teeth respectively (Table 4.10). The presence of zipping and canal transportation in
mandibular teeth was higher than maxillary teeth. Unexpectedly, the presence of zipping and
canal transportation in posterior teeth was lower than in anterior teeth. However, the overall
absence of iatrogenic errors in all teeth treated by the 5 year students was 64.8% (Figure
4.4). The presence of canal transportation and perforation in teeth treated by the 5" year

students had the best results over other students (Table 4.8).

The possible explanation for the improved results of the 5™ year group was that, in addition to
the use of loupes that all students also used, they also had the training and the opportunity to
use the dental microscope. Furthermore, the 5" year cohort had the choice between manual
and rotary systems, which together with their experience, accounts for the superior finding

for this group.
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5.2. Comparison of results of this study and previous studies

5.2.1 Quality of root canal filling
5.2.1.1 Length of root canal filling

5.2.1.1.1 Adequate length

The total adequate length in this study was 68.9%. The results of previous studies are shown
in Table 5.3. However, the sample of studies by Lynch and Burke (2006) and Pettigrew et al.
(2007) were only single rooted teeth; they also had a lower number of posterior teeth (single

rooted premolars) than anterior teeth.

The adequate length result of this study were better in anterior teeth than posterior teeth
(Figure 4.1), similar to the study by Rafeek et al. (2012). The adequate length in this study
was higher in maxillary teeth than the mandibular teeth (Figure 4.1) similar to studies by Er
et al. (2006) and Rafeek et al. (2012) (Table 5.4). In this study, the central incisors had the
highest adequate length, while the highest adequate lengths in previous studies are shown in
Table 5.4.

5.2.1.1.2 Overfilling

The total overfilling of this study was 9%, which was higher than the studies by Er et al.
(2006), Pettigrew et al. (2007), Rafeek et al. (2012) and Smadi et al. (2015), while the results
of other studies is shown in Table 5.3. The overfilling in this study tends to occur more often
in anterior teeth than posterior teeth (Figure 4.1) similar to the study by Rafeek et al. (2012)
(Table 5.4). This is probably due to the size of root canal, which is wider in anterior teeth,

because all anterior teeth have a single root canal.

The overfilling in this study occurred in maxillary teeth rather than mandibular (Figure 4.1) as
in studies by Er et al. (2006) and Rafeek et al. (2012) (Table 5.4). This could be attributed to
naturally larger canals of maxillary teeth, which are prone to overinstrumentation by
inexperienced operators. In this study, the central incisors had the highest overfilling result,

while the highest adequate lengths reported in previous studies are shown in Table 5.4.
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5.2.1.1.3 Underfilling

The total underfilling was 22.1%, which was better than underfilling results of studies by
Barrieshi-Nusair et al. (2004) and Rafeek et al. (2012) (Table 5.3). These studies had more
posterior teeth when compared to anterior teeth, which led to an increase in the amount of

underfilling. On the other hand, 53.8% of teeth in this study had moderately curved roots.

The total underfilling results of this study were better in anterior teeth than in posterior teeth.
This occurred due to the difference in complexity between the anterior and posterior teeth,
since the anterior teeth were single rooted and less curved. The underfilling in this study
occurred more in mandibular teeth, as in the study by Barrieshi-Nusair et al. (2004) (Table
5.4), because in general, the mandibular canals are narrower than the maxillary canals. The
highest underfilling result in this study was in the second molar, while the highest
underfilling results in previous studies are shown in Table 5.4. With the exception of studies
by Lynch and Burke (2006) and Pettigrew et al. (2007), there seems to be a higher prevalence

of underfilling in molar teeth.

5.2.1.2 Density of root filling

The acceptable density of this study was 73.6%, while the acceptable density results of
previous studies are shown in Table 5.3. The acceptable density in this study was higher in
anterior teeth than posterior teeth. On the other hand, the acceptable density of maxillary
teeth was higher than mandibular teeth, similar to the study by Rafeek et al. (2012) (Table
5.4).

In this study, the highest acceptable density was in central incisors, while highest acceptable
density in previous studies is shown in Table 5.4. On the other hand, the acceptable density in
teeth treated by the 5™ year students was better than in teeth treated by the 4™ year students,
similar to study by Balto et al. (2010). Again, this result is relative, due to the difference in

clinical experience between the different student groups.

5.2.1.3 Taper of root filling

The acceptable taper of this study was 70.9% (Table 4.5), while the acceptable taper results
of previous studies are tabulated in Table 5.3. The acceptable taper of this study was higher in
straight teeth (87%) than in teeth with moderately curved roots (57.1%) (Table 4.6), similar
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to the results of studies by Barrieshi-Nusair et al. (2004), Er et al. (2006) and Rafeek et al.
(2012).

The acceptable taper of anterior teeth in this study was higher than the posterior teeth (Figure
4.2); as in the study Rafeek et al. (2012). On the other hand the acceptable taper of maxillary
teeth in this study was slightly higher than the mandibular teeth, while in the study by Rafeek
et al. (2012), there was no significant difference. In this study, the highest acceptable taper of
root filling was in central incisors (Table 4.6), while highest acceptable taper in previous

studies are shown in Table 5.4.

In this study, the acceptable taper in teeth treated by the 5" year students was better than in
teeth treated by the 4™ year students. In contrast to that, the study by Balto et al. (2010)
showed the adequate taper in the teeth treated by the 4™ year students was better than the 5™

year students.

5.2.1.4 Total acceptable root canal filling

5.2.1.4.1 Total acceptable root filling based on the length and density of root filling

The total acceptable root canal filling of this study, based on the length and density, was
67.9% (Figure 4.4). This result was higher than the studies by Eleftheriadis and Lambrianidis
(2005), in which their result was 55.3% and Khabbaz et al. (2010) at 54.8%. In this study,
the total acceptable root filling based on the length and density in teeth treated by the 5™ year
students was higher than in teeth treated by the 4™ year students, similar to the study by
Khabbaz et al. (2010). This result is attributed to the difference in clinical experience between
student groups.

5.2.1.4.2 Total acceptable root filling based on the length, density and taper of root filling

The total acceptable root filling based on the length, density and taper was 62.5%, which was
better than the studies by Barrieshi-Nusair et al. (2004) (47.4%), Er et al. (2006) (33%) and
Smadi et al. (2015), which was 29.2%. In this study, the total acceptable root filling based on
the length, density and taper in teeth treated by the 5" year students was higher than in teeth
treated by the 4™ year students, similar to the study by Balto et al. (2010). In contrast to that,
in the study by Smadi et al. (2015), the adequate root canal filling was higher in the 4" year
students than the 5 year students.
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Table 5. 3 Frequencies of length, acceptable density and acceptable taper of root canal filling in previous studies.

Results
Authors Year Country Length
Density Taper
Adequate Underfilling Overfilling
Barrieshi-Nusair et al. 2004 Jordan 61.3% 34.5% 4.2% 72.6% 85.3%
Eleftheriadis and 2005 Greece 62.7% 7.4% 1.8% 82.6% :
Lambrianidis
Eretal. 2006 Turkey 69.6% 17.4% 13% 53.2% 68.3%
Lynch and Burke 2006 Ireland 70% 21% 9% 90% -
Pettigrew et al. 2007 Scotland 80% 5% 15% 80% -
Balto et al. 2010 K.S.A 79.6% * 11.3% 9.1% 34.9% 59.6%
Rafeek et al. 2012 Trinidad 63.1% 24.3% 12.6% 27.6% 72.2%
Smadi et al. 2015 Jordan 61.5% 14.1% 24.4% 50.5% 56.1%
Current study 2017 R.S.A 68.9% 22.1% 9% 73.6% 70.9%

* Balto et al. 2010 defined adequate length when root fillings that end <2 mm from radiographic apex, and defined flush as root fillings that end

at the radiographic apex. Their result of 79.6% includes both adequate length and flush.




Table 5. 4 The highest

and location

frequency of length, acceptable density and acceptable taper in previous studies according to tooth type, arch
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Adequate Tooth Mx Incisors Mn Premolars incisors Mn 1% premolar Incisors Mx Canines Mx Anteriors Central incisors
length Arch - Maxillary - - - Maxillary - Maxillary
Location - - - - - Anterior - Anterior
: - Mx Lateral . . L
Tooth Mx Canines Mn Incisors incisors Mn Central Incisor Molars Mn Incisors Mx Molars Central incisors
Overfilling Arch - Maxillary - - - Maxillary - Maxillary
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5.2.2 latrogenic errors

5.2.2.1 Ledge formation

The presence of ledges in this study was 29.1%. This result was lower than studies by Greene
and Krell (1990) and Kapalas and Lambrianidis (2000) as shown in Table 5.5, noting that
their sample consisted of molar teeth only. On the other hand, it was lower than the results of
studies by Eleftheriadis and Lambrianidis (2005), Balto et al. (2010) and Smadi et al. (2015).
In the study by Eleftheriadis and Lambrianidis (2005), 43.5% of ledges were in molar root
canals and 33.9% were in premolar root canals, whereas in the study by Balto et al. (2010)
32.7% occurred in molar teeth and 34.7% in premolar teeth. The study by Smadi et al. (2015)
had only 18.8% in molar teeth and 40.8% in premolars.

The presence of ledges in this study was higher in posterior teeth than the anterior teeth
similar to previous studies (Table 5.6). Kapalas and Lambrianidis (2000) and Greene and
Krell (1990) concluded that in addition to teeth number and the canal location, the curvature
of the root canal is the most important factor that affects incidences of ledge formation.
Kapalas and Lambrianidis (2000) also found ledges were the highest in severely curved

canals (58.2%), while the lowest frequency of ledges was in straight canals (25.5%).

The presence of ledges in this study was higher in mandibular teeth than the maxillary teeth ,
similar to the study by Smadi et al. (2015) (Table 5.6). This could be attributed to the
naturally smaller mandibular teeth canals and large maxillary teeth canals. We found that the
frequency of ledges was higher in molar teeth which is similar to previous studies (Table
5.6). This is possibly due to the greater complexity of molar teeth when compared to other
teeth which include: the location, number of canals and curvature of root canals.

Greene and Krell (1990) found that the root canals with curvatures > 20° were ledged more
than 56% and root canals with curvatures <10° were seldom ledged. In the study by Kapalas
and Lambrianidis (2000), the ledging occurred in 58.2% of severely curved root canals,
56.4% in moderately curved root canals, and 25.5% in straight canals, while in the study by
Eleftheriadis and Lambrianidis (2005), the ledging occurred in 58.4% of severely curved root
canals, 40.4% in moderately curved, and 5.9% of straight root canals. This study is
consistent with the previous studies that the incidence of ledging increases with the degree of

curvature of the canal.
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5.2.2.2 Zipping

The presence of zipping in the present study was 23.4%, which was less than the study by
Balto et al. (2010), as shown in Table 5.5. In this study, zipping occurred more in posterior
teeth than anterior teeth (Table 4.9), similar to the findings of Balto et al. (2010), as shown in
Table 5.6. On the other hand, the occurrence of zipping in this study was higher in
mandibular teeth than in maxillary teeth. In the study by Balto et al. (2010), zipping occurred
in one molar tooth while in this study, the highest incidence of zipping was in the second
molar teeth. In addition to that, the presence of zipping in this study was higher in moderately
curved teeth (26.7%) than straight ones (19.7%), as shown in Table 4.11. Hence, we found
that zipping tends to occurred more in posterior teeth than the anterior teeth and increases

with canal curvature.

5.2.2.3 Canal transportation

The presence of canal transportation in the present study was 29.1%, while the results of
previous studies are shown in Table 5.5. The study by Balto et al. (2010) used the term apical
transportation. The presence of canal transportation in the present study was higher in
posterior teeth than anterior teeth, similar to the study by Balto et al. (2010) as shown in
Table 5.6.

Furthermore, the presence of canal transportation in the present study was higher in
mandibular teeth than in maxillary teeth (Table 4.9); this could be attributed to the naturally
smaller mandibular teeth canals and large maxillary teeth canals. Canal transportation in the
present study was higher in moderately curved teeth (31.1%) than in straight teeth (26.8%),
as shown in Table 4.11. The greatest incidence of canal transportation in the present study
was in second molar teeth, while greatest incidences of canal transportation in previous
studies are shown in Table 5.6. As expected, we found that canal transportation tends to occur

more in posterior teeth than in anterior teeth.

In this study, the presence of canal transportation in teeth treated by the more experienced 5%
year students was lower than in teeth treated by the 4™ year students. On the contrary, the
study by Balto et al. (2010) showed the presence of canal transportation in teeth treated by

the 4™" year students was lower than in teeth treated by the 5" year students.
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5.2.2.4 Missed or untreated canal(s)

The presence of missed or untreated canal(s) in this study was 0.3%, which was lower than
the study by Balto et al. (2010), as shown in Table 5.5. There was a single case of a missed
canal in a second mandibular molar in a case performed by a 5" year student. This correlated

with the study by Balto where missed canals also occurred in molar teeth.

5.2.2.5 Fractured instrument(s)

The presence of fractured instrument(s) in this study was identified in only three molar teeth,
making 1% of the study and were all done by the 5" year students, while the presence of
fractured instrument(s) in previous studies is shown in Table 5.5. The presence of fractured
instrument(s) in the present study occurred only in posterior teeth. Suter et al. (2005) stated
that curved root canals have a higher risk of fractured instruments than straight canals. In
contrast to the present study, Balto et al. (2010) found that the incidence of fractured
instrument(s) was higher in anterior teeth than in posterior teeth.

The presence of fractured instrument(s) in the present study was higher in mandibular teeth
than maxillary teeth. The highest presence of fractured instrument(s) in the present study was
in second molar teeth, while the incidence in previous studies is shown in Table 5.6.

5.2.2.6 Perforation

The presence of perforation in this study was 9%, while the results of previous studies are
shown in Table 5.5. The presence of perforation in this study was higher in anterior teeth than
in posterior teeth (Table 4.9). This is contrary to the findings by Balto et al. (2010), in which
the presence of perforation was higher in posterior teeth than the anterior teeth. Eleftheriadis
and Lambrianidis (2005) stated that the curvature of root canals is the most significant

clinical factor correlating to root perforation and ledge formation.

On the other hand, there is no difference in the presence of perforation in this study between
maxillary and mandibular teeth as shown in Table 4.9. The greatest incidence of perforation
in the present study was in canine teeth, while the greatest incidences of perforation in

previous studies are shown in Table 5.6.
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5.2.2.7 Total presence of iatrogenic errors

In this study, the presence of iatrogenic errors was 37.1% (Figure 4.4). This result was higher
than the study by Khabbaz et al. (2010) at 31.2%. This could be related to the difference in
which iatrogenic errors are reported between the two studies. On the other hand, the
frequency of iatrogenic presence of this study was higher in the 4™ year students than the 5™
year students, similar to the study by Khabbaz et al. (2010). The other studies did not show
the total presence of iatrogenic errors.

5.2.3 Overall acceptable quality of root canal filling and absence of iatrogenic errors

Although the presence of iatrogenic errors has an effect on the total acceptable quality of root
canal filling, the presence of iatrogenic errors sometimes did not lead to failure of endodontic
therapy.

5.2.3.1 Overall acceptable quality of root canal treatement based on the length and

density filling and absence of iatrogenic errors

The overall acceptable quality of root canal treatment based on the length and density filling
and absence of iatrogenic errors in this study was 60.2% (Figure 4.5) which was less than
the studies by Lynch and Burke (2006) with 70% and Pettigrew et al. (2007) with 63%.

5.2.3.2 Overall acceptable quality of root canal treatement based on the length, density
and taper filling and absence of iatrogenic errors

The total acceptable quality of root canal treatement based on the length, density and taper
filling and absence of iatrogenic errors in this study was 54.5% (Figure 4.5) which was better
than the study done by Balto et al. (2010) (22.7%). This result may have occurred due to the
study by Balto et al. (2010) using more types of iatrogenic errors than our study (Table 1.1).
In the study by Rafeek et al. (2012), the result was 10.1% of teeth, but they added the absence
of fractured instruments to adequate length and taper as they reasoned that all treatment was

directly supervised by the endodontist.
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Table 5. 5 Presence of iatrogenic errors in previous studies.

o Results
| ¢
Authors 0 = Canal Missed Fractured
= Ledge | Zipping transportation | canals | instrument(s) Perforation
Greene and Krell 1990 US.A 46% - - - - -
Kapalas and Lambrianidis 2000 Greece 51.5%* - - - - -
= 0, in = 0,
Eleftheriadis and Lambrianidis | 2005 Greece 24.8% - - - 0.3% Root Echeﬁ)i’orS]tS% 2(2)'2/0 and
Lynch and Burke 2006 Ireland - - - - Not detected Not detected
Pettigrew et al. 2007 | Scotland - - - - Not detected 1%
Apical =6.7%, Root=1.5%
Balto et al. 2010 K.S.A 13.6% 0.2% 7.3% 1.5% 0.5% Strip = 1.5% and Furcation = 0%
Root = 11.8%, **
0y ** _ _ _ O/ K* )
Khabbaz et al. 2010 Greece | 54.8% 0.9% Foramen = 32.6% **
Rafeek et al. 2012 | Trinidad - - - - 1.5% -
Smadi et al. 2015 Jordan 5.2% - 7.6 % - - 1.9%
Current study 2017 R.S.A 29.1% 23.4% 29.1% 0.3% 1% 9%

* The result for undergraduate students

** The results of this study was out of root canals with iatrogenic errors
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Table 5. 6 The highest frequency of iatrogenic errors in previous according to tooth type, arch and location

Kapalas and o
Greene and Krell o Eleftheriadis and Rafeek et al. .
Lambrianidis o Balto et al. 2010 Smadi et al. 2015 Current study
1990 Lambrianidis 2005 2012
2000
Tooth LF Mx 2" Molars LF Mn 2" Molar Molars - Mx Molars 2" Molars
Ledge } } } _ i i
g Arch Sample was left Mx Mandibular Mandibular
Location | Sample was Molarsonly | @1d Mn Molars only Posterior Posterior - Posterior Posterior
Tooth - - - Molar - - 2" Molars
Zipping Arch - - - - - - Mandibular
Location - - - Posterior - - Posterior
Tooth - - - Premolars - Mn Molars 2" Molars
Canal . Arch - - - - - - Mandibular
transportation
Location - - - Posterior - - Posterior
Tooth - - - Molars - - 2" Molar
Missed canals Arch - - - - - - Mandibular
Location - - - - - - Posterior
Tooth - - - Canine Molar - 2" Molar
. Fractured Arch - - - - - - Mandibular
instrument(s)
Location - - - - Posterior - Posterior
_ Apical = Molars, Root and .
Tooth - - Root = Molars Strip = Premolar, - Mx Molars Canine
Perforation Arch - - - - - - Equal
Location - - - Posterior - - Anterior

Mx: Maxillary, Mn: Mandibular, LF: Left
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

The results of this study are similar to other studies conducted at various dental schools
around the world. The change in the curriculum has been justified, although the study does
point out some areas of concern. There was a tendency for third year students to overfill due
to overinstrumentation of anterior teeth, and so the introduction of apex locators may assist in

avoiding these errors.

The fourth year students produce the lowest quality of endodontic treatment in the clinic,
possibly because of their inexperience in treating molar teeth. The incidence of iatrogenic
errors like ledges, zipping and canal transportation were greater in posterior teeth and
increased with greater canal curvature. The 5" year students had better results, because of

their relative experience and the opportunity to use dental operating microscopes.

The incidence of underfilling was more prevalent in posterior teeth, while the incidence of
acceptable density and taper of root filling was more in anterior and maxillary teeth,
respectively. The result of this study showed that the frequency of iatrogenic errors were
greater in mandibular and in posterior teeth. The only exception being perforation which was

equal in maxillary and mandibular teeth, while this was higher in anterior teeth.

Recommendations

Endodontic teaching should further emphasise the importance of length control during
endodontic treatment and more stringent steps may be necessary during clinical supervision
of third year students. Simillary, techniques to overcome the difficulties of treating curved
canals in posterior teeth must be emphasised to fourth and fifth year students to decrease the

incidences of iatrogenic errors in teeth treated by these student cohorts.
Limitations

A major limitation of this study was the use of 2-D radiographic images for quality anaylsis.

These lack the bucco-palatal and bucco-lingual dimensions and may mask root filling errors
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in this plane by superimposing anatomical structures. Whilst, Cone beam computed
tomography would have allowed for superior analysis, this was a retrospective study of

convention endodontic treatment in the polyclinics of the Wits Oral Health Centre where

such imaging is not routine for each patient.
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Appendix A: Hospital Risk Assessment Committee Permission

N Private Bag 3 Wits, 2050
UNIVERSITY OF THE (& Fax: 027117172119
WITWATERSRAND, Tel: 02711 7172076

JOHANNESBURG

Reference: Mrs Sandra Benn

E-mail:
29 June 2016
Mr AM Ehbesh Person No: 1096693
308 san fransisco PAG
10 park lane
park town
2193

South Africa

Dear Mr Ehbesh
Master of Science in Dentistry: Approval of Title

We have pleasure in advising that your proposal entitled Quality of root canal treatment performed by
undergraduate students at the Wits Oral Health Centre has been approved. Please note that any
amendments to this title have to be endorsed by the Faculty's higher degrees committee and formally
approved.

Yours sincerely

Gc/cg_w

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences
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Appendix C1: Codes of Data Capture Sheets

Criteria Code Code meaning
Case number CN
YT1 | if the case treated in 2013
Year of Treatment YT2 | if the case treated in 2014
YT3 | if the case treated in 2015
SY1 | the case treated by 3™ undergraduate students
Study year SY2 | The case treated by 4" undergraduate students
SY3 | The case treated by 5" undergraduate students
F for Female
Sex
M for Male
CEN | Central incisor
LAI | Lateral incisor
CAN | Canine
Tooth / Teeth type 1PM | 1% Premolar
2PM | 2" Premolar
IML | 1% Molar
2ML | 2™ Molar
ANT | if the tooth is anterior
. PQOS | if the tooth is posterior
Tooth location
MAX | if the tooth is maxillary
MAN [ if the tooth is mandibular
LF1 | if the length of root filling is 0-2mm from root apex
Length of root filling LF2 | if the length of root filling is beyond radiographic apex
LF3 | if the length of root filling is >2mm from root apex
Density of root fillin DF1 | No voids beteween the root canal walls and root canal filling
y J DF2 | if there is voids beteween the root canal walls and root canal filling
. TF1 | if the root canal system is suffient taper
Taper of root filling ; — -
TF2 | if the root canal system is insuffient taper
L edae formation LD1 | if there is no ledge formation
g LD2 | if there is ledge formation
Ziopin ZP1 | if there is no zipping
ppIng ZP2 | if there is zipping
. CTP1 | if there is no canal transportation
Canal transportation X X X
CTP2 | if there is canal transportation
. MUC1 | if there is no missed or untreated canal
Missed / untreated canal - —
MUC?2 | if there is missed or untreated canal
. FRI1 | if there is no fractured instruments
Fractured instruments - X .
FRI2 | if there is fractured instruments
. PER1 | if there is no perforation
Perforations - - -
PER2 | if there is perforation
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Appendix C2: Data Capture Sheet 1

Data Capture Sheet 1

Paper Number

CN

YT1

YT2

YT3

Sy1

SY2

SY3

M F

CEN

LAI

CAN

1PM

2PM

1ML

2ML

ANT

POS

MAN

67




Appendix C3: Data Capture Sheet 2

Data Capture Sheet 2

Paper Number

CN

LF1

LF2

LF3

DF1

DF2

TF1

TF2

LD1

LD2

ZP1

ZP2

CTP1

CTP2

MUC1

MUC2

FRI1

PER2
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