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ABSTRACT

Aim: The University of Pretoria Oral Health Centre (UPOHC) is inundated by
patients who demand emergency pulpectomies. The demand for service however
exceeds the capacity to treat, which may be problematic in terms of treatment
outcomes. The aim of this study is therefore to measure the outcome of emergency

pulpectomies at the UPOHC.

Method: The electronic and paper records of 498 randomly selected teeth that
received an emergency pulpectomy at the UPOHC from 1July 2012 until 30 June
2013 were examined to determine the outcome of the treatment. The completion
rate over time was calculated in combination with the percentage of teeth that was
eventually extracted or referred for extraction. In the case where the root canal
treatment (RCT) reached the obturation phase, the post-operative radiographs

were analysed in terms of the technical quality of the obturation.

Results: Forty-five percent of the sample size of 498 teeth for which an
emergency pulpectomy was performed returned to have the RCT completed. Of
these, 43% were inadequately obturated. Eight percent of teeth observed referred
for extraction. Seven percent of teeth had the initial phase of treatment repeated
while 40% were never seen again after the initial pulpectomy. A total of 46.96% of

the teeth were still incomplete after 16.56 months.

Conclusion: The results of the study indicate that the UPOHC has a limited

capacity to complete RCTs. A strategy is needed to expand the region’s
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resources and to incorporate a preventative dental focus. However, this will
require an intervention in the functioning of the dental health system with regard
to government funding in order to achieve success in both service delivery and
education. An audit of the current undergraduate endodontic curriculum is
perhaps necessary to improve students’ skills and efficiency in the service

learning environment.
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KEYWORDS

University of Pretoria Oral Health Centre:

This is the hospital premises of the University of Pretoria where students are
trained and graduate as dentists or oral hygienists. Dentists are also trained at

postgraduate and specialist levels.

Root Canal Treatment:

Root canal treatment is also referred to as endodontics. It is the series of
procedures performed in the root canal system of a tooth with a diseased or
damaged pulp. The nerve is removed from the coronal and radicular pulp of the
tooth to eliminate bacteria where after the prepared space is replaced with an

obturation material in order to seal off the tooth from bacterial invasion.

Pulpectomy:

It is the removal of damaged or infected pulpal tissue. A pulpectomy is the initial

step of root canal treatment.

Obturation:

The point at which the root canal space has been densely filled and sealed with a

hermetic sealing material.
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Chapter 1:

Introduction

Root canal treatment (RCT) is an expensive, time-consuming dental procedure.1
The University of Pretoria Oral Health Centre (UPOHC) is the only public health
facility that provides RCT to the public on a fairly large scale in the Tshwane
District. The reality is, however, that the majority of South Africans cannot afford
private dental care and seek government services to sustain their oral health
needs.’ Inevitably the UPOHC is inundated by large numbers of patients

demanding procedures such as RCT.

During 2013, internal statistics from the UPOHC show that more than 17 500
patients presented at the centre for initial screening for a variety of problems. Over
and above this extensive service load, the UPOHC is also responsible to contribute
to the training of oral health care personnel in South Africa by housing the School
of Dentistry, University of Pretoria. The main purpose of the School of Dentistry,
University of Pretoria is to train dental, oral hygiene and dental postgraduate
students, making it difficult to balance this high demand for treatment with
academic responsibilities. Although the academic staff members at the UPOHC
render emergency dental care (including emergency pulpectomies) and routine
dental treatment, RCT is generally completed by senior dental students in their
fourth and fifth year of study. Due to the time-consuming nature of the procedure

and the students’ lack of skill and experience (especially in the early phases of
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their training), students only complete a limited number of root canal treatments.
Students are required to complete five RCTs on teeth with one and two canals
during their fourth year of stuoly.3 This quota accounts for approximately two
hundred and fifty pulpectomies per annum (there is about 50 students in a cohort
of students). During the fifth year of study the students are required to complete
five RCTs on molars accounting for another 250 |oatients.3 The total of completed
root canal treatments by the students are therefore approximately 500 in any given
year. The result is that the UPOHC is confronted with the following dilemma on a
daily basis: should the tooth be saved by means of root canal treatment or does

the tooth require an extraction with or without tooth replacement in the future.*

There is a lack of management information regarding RCT outcomes at the UPOHC
which could inform service delivery and educational policies and protocols.
Emergency pulpectomies are currently provided on demand to walk-in patients
without taking into consideration the institution’s capacity to complete the root
canal treatments after the initial treatment. A need therefore exists to gauge the
institution’s capacity to complete RCTs against the demand for RCT. It is also
necessary to explore the clinical outcomes of emergency pulpectomies in terms of
the quality of the completed RCTs because failed RCTs will result in retreatment

and certain wastage of resources.

The only known study published on the attendance for RCT completion following
an emergency pulpectomy, was conducted by Lynch et al. (2010) at the University
Dental School in Cork, Ireland.” The study revealed that 39% of the patients had
returned for the root canal Completion.5 The quality of the root canal treatment

however was not evaluated in this study.
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Several studies

° have been conducted on the acceptability of the root canal
obturations by measuring the technical quality of post-operative radiographs. The
criteria used for acceptable technical quality in all these studies were root
fillings < 2mm from the radiographic apex, consistent density and uniform taper.
Peak et al. also included the absence of a periapical lesion and pathology.10 The
results of these studies showed an acceptable technical quality of 44%, 61.35%,

84.1%, 47.4% and 57% respectively. Four of the studies assessed the quality of

RCT, specifically completed by undergraduate students.®”

In South Africa there has been no research in this area with regard to both the
attendance of patients for completion of RCT as well as the technical quality of root

canal fillings.

Having motivated the rationale of the study in the section above, the following

section continues with a detailed literature review.

© University of Pretoria



Chapter 2:

Literature review

RCT (endodontics) involves essential stages to ensure a predictable end result
(outcome). These stages include the removal of the necrotic or irreversibly
inflamed pulp (extirpation) from the coronal and radicular pulp space, mechanical
cleaning (debridement) and shaping with chemical irrigation of the canals to
remove infected tissue. The final stage involves the filling (obturation) of the root
canal system to create a tight seal, preventing re-infection.” This type of treatment
obviously requires specialised materials and equipment and is a very time-
consuming process, which inevitably impacts on the resources of a public health

care system.

Each of the above-mentioned stages will be systematically addressed in the
literature review below from a clinical perspective, following a brief description of
why RCT is often necessary. The review will be concluded with an overview of the
impact of specialised services, such as RCT, on health service delivery in an

academic and public health context.
The need for pulp extirpation

Dental caries, tooth wear, periodontal disease and trauma are some of the most

. . . 1112 .
common causes of pulpal inflammation and/or necrosis. Pain often occurs when
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these dental diseases and/or conditions are neglected and are allowed to spread
(bacteria dwell in the dentinal tubules) and infect or involve the pulp over time."
This neglect may be due to anxiety related to visiting the dentist. Dental anxiety is
highly prevalent and the main cause of anxiety is fear of pain which is a major
hindrance to the pursuit of dental treatment.” Evading dental care because of
anxiety is evident in many patients with neglected oral health."* Other reasons why
patients postpone treatment especially in second and third world countries, include
diminished dental education and lack finances for transport and treatment. Bedos
et al. concluded that patients prolong suffering from dental pain because of their
perception that dental treatment is a painful experience.15The findings of Bedos et
al. and others provide an explanation why so many patients seek dental care when

the decay has already reached the pulp (when they are in discomfort).w’16

Extirpation of the pulp

The pulp of a compromised tooth is usually extirpated during routine RCT or as
part of emergency treatment. The extirpation of a pulp as part of routine RCT is far
less common compared to the extirpation of the pulp during emergency treatment.
An emergency pulpectomy is the procedure of choice to relieve tooth ache caused

by pulpal inflammation or necrosis.

Studies have shown that between 4% and 45% of patients presenting with dental
emergencies are treated by means of a pulpec’[omy.w"19 It should be noted that
emergency pulpectomy is also the treatment of choice at the UPOHC to obtain

pain relief for patients who choose to retain their compromised teeth.
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The aim of an emergency pulpectomy and the ensuing RCT is to reduce, and if
possible, eliminate the infected tissue and microorganism count in root canal
systems.20 The purpose of reducing bacterial and infected tissue concentration is
to prevent apical infection and the spread of disease. Incomplete root canal
treatment often leads to recurrent pain which will re-appear approximately six

months after the initial phase of treatment.”’
An emergency pulpectomy usually includes the following steps:

Preparing an access cavity to remove the roof of the pulp chamber in order

(@]

to obtain direct entry into the root canal opening.22
o ldentifying the canal orifices.”” Once the orifices have been located, straight-
line access needs to be achieved in order to create an unimpeded
passageway for subsequent endodontic instrumentation.”* **
o Extirpation of the infected pulpal tissue from the root canal system.
o Debridement (cleaning the canals using hand or rotary files and
irrigants/chemical solutions).
o Placing a medicament with an anti-inflammatory action such as Ledermix”.

o Sealing the tooth with a temporary filling.

o Provide patient with the information on the whole process of full RCT.

Although emergency pulpectomy is very effective in relieving pain it is not a long-
term solution. Following the pulpectomy phase, the root canal treatment is only
effective if the treatment is completed by proper mechanical and chemical

debridement and all the canals are obturated to Ieng’[h.25 Literature, however, does
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not state the period in which obturation should take place following initial

pulpectomy (extirpation of the infected or inflamed pulp tissue).
Debridement and medicaments

The mechanical and chemical debridement of an affected tooth can be started
during the emergency pulpectomy procedure or as part of routine root canal
treatment. Regardless of the context in which the procedures are performed, the
principles generally remain the same. Once most of the coronal dentine and pulpal
tissue has been removed during straight-line access and coronal flaring, the apex
locator is often used to determine working Iength.26 The canal is then enlarged and
tapered apically using hand or rotary files. The step-back technique of flaring to
create a taper is commonly used and aims to diminish procedural errors such as
ledging, transportation and apical perforation which will influence the final outcome
after obturation.”” The canal is constantly being flushed to remove debris and
dissolve pulpal tissue with irrigants such as sodium hypochlorite. A medicament
such as Ledermix” or calcium hydroxide is placed in the root canal after the

preparation phase, until the obturation phase is carried out in the next visit.”?

A recent publication observed that placing calcium hydroxide before the second
visit in the two-visit root canal therapy improved the microbial status of the root
canal compared to the single visit procedure.28 Calcium hydroxide’s solubility in
water is low and its pH of 12.5-12.8 is high. It releases hydroxy ions creating a high
alkaline habitat in which micro-organisms cannot survive.” A study by Sjogren et
al. supports this statement that an inter-appointment dressing is necessary to

L. . . 29
eliminate all infection from the root canal.

© University of Pretoria



The UPOHC generally uses the protocol of placing Ledermix” into the canals
presenting as pulpitis or inflamed vital tissue as a sedative during the emergency
pulpectomy stage. Ledermix” contains an antibiotic (demethylchlortetracycline)
which eliminates bacterial growth and a steroid (triamcinolone) which reduces the
inflammatory response.22 The protocol is that the students use Ledermix” for vital
teeth and calcium hydroxide in teeth with a necrotic pulp. Calcium hydroxide
which is a bacteriostatic dressing is described by Tasdemir et al. as the most
commonly used intracanal medicament.” The material is biocompatible and active

against most of the endodontic pathogens.w30

Physical circumstances and clinical diagnosis often dictate the number of visits
required for RCT. A few studies have investigated the difference between single- or

multiple-visit RCT. These studies do not particularly favour single- or multiple-visit

1-36

RCT with respect to reduction of infection or healed periapical lesions.”™ The

majority of these mentioned studies proposed that there is no correlation between

longevity of RCT or reduced infection in single and multiple RCT visits.

It should be noted that most root canal treatment failures develop when initial
treatment procedures, mainly technical in nature, have not succeeded to

adequately eliminate pathogenic factors.”

The technical quality of endodontic therapy largely influences the outcome of the
root canal treatment and the preservation of teeth.” It is of utmost importance that
the quality of the treatment complies with international standards.”* The elimination
of pathogenic factors through debridement is subsequently followed by the

obturation of the root canal system.
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Root Canal Obturation

The purpose of obturation of a root canal system is to fill the entire prepared canal
system in order to seal the canal from leaking both coronally and apically.40 This is
done to prevent re-infection by blocking the entrance of bacteria, within the saliva,
into the tooth. Another reason is to isolate the remaining microorganisms from
surviving by obtaining nutrients in the periradicular tissue fluids.”*" Obturation
follows only once the canal has been adequately prepared. The most widely taught
obturation technique is to place gutta-percha with the use of the lateral
condensation technique.‘H The lateral condensation technique is carried out by
adding accessory gutta-percha points (generally size 15 or 20) snugly into the
canal once a master cone (MGP) has been placed at the correct working length.
The smaller points are compacted against the canal walls until there are no voids in
the entire canal. Gutta-percha is the root canal filling of choice and is the material

22
most commonly used.

A detailed description of what is considered to be good technical quality in terms

of RCT obturation will be provided in paragraph 4.5 in Chapter 4 of the dissertation.

Up to this point in time RCT was generally addressed from a scientific perspective.
Reality is however, a different situation! RCT often needs to be carried out in hectic
real life situations, for example in overcrowded public health facilities. It is therefore
necessary to understand the context of RCT in a service delivery environment that

is already saturated.
RCT in a Service Delivery Context

Many studies have been conducted to analyse the effectiveness of the obturation

methods and consequently the survival rate of endodontically treated teeth. ™
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Skupien et al. proved with their success rate of 98% over a 4.48 year observation
period, that root canal treatment is definitely beneficial and worthwhile.* Nagasiri et
al. investigated the survival of teeth, with no coronal coverage, that was placed on
a waiting list for fixed prosthodontics after the RCT was |oerformed.43 They found
that after a period of 5 years, 54% of the endodontically treated teeth survived
which showed that a proper coronal restoration like a crown is essential for certain
root canal treated teeth.” In another study at a German dental school, Stoll et al.
attributed the 74% survival rate to the fact that, at a training hospital the difficult
root canal treatment cases are delegated to the dentists.” The study by
Dammaschke et al. on teeth endontically treated by students of the Westfalische
Wilhelms-Universiat, Munster, Germany reported a survival rate of 85% after 10
years.45 They concluded that root canal therapy is a long lasting means of

conserving teeth even when the root canal is carried out by students.”

A study by Lynch et al. at the Cork University Dental School and Hospital in 2010
investigated the number of root canal treatments that were started and remained
incomplete within a certain period of time.” This particular study examined the
subsequent attendance for the completion phase of the root canal treatment in 574
patients who received initial emergency pul|oectomy.5 The results showed that 39%
of patients returned for the final phase of endodontic treatment (obturation), 11%
returned to have the tooth removed and 50% failed to return for the completion
phase of the RCT. The above findings show that more than 60% of RCTs were
incomplete. The study concluded that it is important to select patients correctly for
the completion phase of endodontic treatment. Additionally, patients should be

counselled and informed before RCT commences, ensuring that manpower and
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resources are utilized effectively. Lynch et al.’s view is significant in the fact that
the result of his study questions the appropriateness of carrying out the initial step

of RCT in certain cases.’

As mentioned in Chapter 1, no similar studies could be found for the local context
to inform local policy. It is however well known that there is a shortfall of human
resources to supply not only the medical™® but also dental needs of the South
African |oopulation.47 After the 1994 political changes in South Africa, public oral
health facilities offered free dental services which resulted in an increased
workload and strain on existing limited resources. This policy caused a rise in the
number of patients seeking treatment regardless of the fact that personnel capacity
remained unchanged.48 The unemployment figures in South Africa continue to rise
and peak to 4.6 million during the period between 2008 and 2013.%
Approximately13-5% of South African families live in informal settlements mirroring
the socioeconomic inequality in  South Africa.”®  When patients of lower
socioeconomic status are in pain, they have no option but to seek dental treatment
from public services. This is particularly relevant to specialised treatment such as
endodontics, crown and bridge work, dentures, orthodontics and removal of
impacted wisdom teeth. The demand for the above mentioned treatment options

simply exceeds the capacity to provide the services.”

Retreatment of previously endodontically treated teeth is even more costly if at all
achievable." Certain root canal failures such as broken file segments is sometimes
impossible to reverse and as Souter et al. and others have suggested it should not

be attempted routinely.5253 The technique described by Souter et al. utilizes
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modified Glates Glidden burs, ultrasonic scalers and an operating microscope,
which is costly and time—consuming.53 With rapid escalation in health care costs
due to the development of modern high-priced technologies developing countries

are often forced to resort to cheaper alternatives, such as the extraction of teeth.”

In South Africa and also in the rest of the world, only a small portion of the general

health budget is allocated to oral health.”

The South African government employs a limited number of qualified dentists in the

56,57

public services and fail to retain many of them due to emigration. South Africa
has a relatively low ratio of dentists per 1 000 population (dentists 0.085 per 1 000
population). As a result, many areas have sub-optimal access to specialized dental

services such as RCT.

Chapter 2 highlighted RCT from a clinical perspective and summarized existing
research published on the outcome of RCT and the outcome of RCT in dental
training environments. Chapter 3 will subsequently continue with an elaboration of

the aim and objectives of the current study.
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Chapter 3:

Aim and Objectives

This health services research project is the first phase in a long-term project that
will monitor treatment outcomes at the UPOHC. The aim of this study was to
determine the outcome of endodontic care in order to inform service
delivery/education protocols and policies at the training hospital. This project

focuses on the short-term outcome of RCTs started at the UPOHC.

The objective of the study was to analyse the records of patients who received

emergency pulpectomies in order to-

o compare the institution’s capacity to complete RCTs with the demand for RCTs.

o assess whether the teeth that received emergency pulpectomies (initial phase
of RCT) were followed up with complete root canal therapy.

o assess how many teeth that received a pulpectomy were extracted.

o assess the quality of those root canal treated cases that reached the obturation
phase.

o make recommendations for the patient management and educational systems

in terms of RCT protocols.

Having established the aims and objectives of the study, Chapter 4 will continue to

describe the methods employed during this study.
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Chapter 4:

Methods

This chapter describes the design and setting of the study. The chapter also
elaborates on the sample selection and measurements utilised during the study. It
describes the criteria used in technically assessing the quality of the root canal

treated teeth and how the outcome of the emergency pulpectomies were analysed.

4.1 Study design

The design is an observational retrospective cross-sectional study consisting of

two phases.

During the first phase an analysis of the electronic and paper records of patients
that had an emergency pulpectomy (1 July 2012 until 30 June 2013) at the UPOHC

were conducted.

The technical quality of the root canal filling in those cases where the root canal
treatment reached the obturation phase were assessed by means of examining the

post-operative radiograph during the second phase of the study.
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4.2  Setting

The files as well as digital records from the computer software program, Good X
i
Dental Studio were accessed in the Section: Patient Management in the

Department of Dental Management Sciences at UPOHC.

4.3  Sample selection

Teeth that received an emergency pulpectomy was identified on the database

using dental procedure code “8132" as the parameter.

Of the 1050 that were identified 500 teeth were randomly selected for further study.
This selection was done by the Biostatistics Unit, Medical Research Council

through computer generated randomization.

4.4 Measurements

Following an analysis of the patient's paper-based file, the outcome of the
pulpectomy was recorded by selecting one of the appropriate categories as
indicated by the flow diagram, Figure 1 on Page 16. The identified teeth were
categorized either as “presented for further treatment” or “no further treatment after

the initial pulpectomy”. Teeth that came back for follow-up were categorized as

*The Patient Management Section hosts the Service Rendering Unit where the majority of emergency
patients are treated. It is also the first contact point for all new patients presenting at the Hospital as well as

those referred from government clinics and private practices.
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“received another pulpectomy”, “referred for extraction” or “obturated”. Teeth that

were referred for extraction were classified as “removed” or untreated”.

///// \
Presented for further NoﬁthhertreaIm{_en_t_was
reatment done after the initial
pulpectomy
REBELRGITAET W e s Obturated
pulpectomy
Removed Remained untreated ‘

Figure 1: Outcomes measurement

4.5 Technical quality assessments

The post-operative radiographs were accessed on the Kodak (version 6.12.17.0)

software programme in RVG (Radiovisiography) format. RVG is high-resolution

digital images which can be manipulated once captured allowing more detail to be

viewed than the traditional radiogra|ohs.58’59 The dose exposure in the digital

radiographs is lower and the images appear instantly which reduces the clinical

time. In the cases where the RCT reached the obturation phase, a decision was

made whether the RCT was completed adequately or inadequately based on

technical quality as viewed on post-operative periapical radiographs.6
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All radiographs were identified by the case number only. No details of the cases
were supplied so as to make sure that this was a blind trial with no bias. The dentist
nominated to evaluate the technical quality of the RCT radiographs had the
following CV:

o Fourteen years clinical experience.

o Had supervised students in endodontics at the UPOHC for 6 years.

o Obtained a Diploma in Endodontology.

o Obtained a Master’'s degree in Radiology.

The dentist mentioned above was requested to evaluate the Radiographs using the
parameters/criteria indicated in Table 1 below. The radiographs were examined
and categorized using the criteria proposed by Roman-Richon et al.’; the same

. . . 7,60-62
variables/parameters were also used in other studies.

Table 1: Criteria used to assess the technically quality

Adequately completed

Density: No voids and no moth eaten appearance prevails.7‘63

Length: The root canal filling material within the canal is to an acceptable working

length of 0.5--2mm from radiological apex.64’65

Inadequately completed

Density: The root canal filling material was inadequately condensed (voids are
present in the obturation).7

Length: The root canal filling material is more than 2mm short of the radiological
apex (under-filled)® or has extruded past the radiological apex (over-filled).”>®
One or more canals were missed during extirpation and debridement.

The restoration that was placed after obturation (which was either underfilled or

had voids) is inadequate causing loss of coronal seal.

Other reasons such as a fractured file or root perforation.
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4.6 Data Analysis

Descriptive statistics generated in Microsoft Excel® Ver. 2003 (Microsoft
Corporation USA) were used to describe the following outcome of emergency

pulpectomies at the UPOHC:

o The ratio of obturated teeth following emergency pulpectomy.

o The ratio of emergency pulpectomies that have been repeated.

o The ratio of teeth referred for extraction after the emergency pulpectomy.

o The ratio of teeth that were adequately and inadequately obturated

(according to international standards).

Kaplan-Meier methodology (using STATA version 11) was employed to describe
the time to event and data was recorded. In order to use the Kaplan-Meier survival
analysis, the failure date (date follow-up occurred) was recorded onto a data set to

give a purposeful result.

4.7 Ethical considerations

A proposal for the project was submitted and approved by the University of
Pretoria, Faculty of Health Sciences Research Ethics Committee on 25 June 2014

(Appendix A).
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The relevant authority, namely the Dean/Manager of the University of Pretoria,
School of Dentistry gave consent (Appendix B) for the study to be conducted at the
UPOHC; and the patient files — including digital radiographic material — to be

retrospectively accessed.

All personal data is being kept confidential and patient anonymity is respected.

The findings of this study using the above mentioned methodology, is described in

Chapter 5.
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Chapter 5:

Results

The data was obtained from 500 initial cases of RCT randomly selected over a 12
month period (1 July 2012 until 30 June 2013) and thereafter follow-up was done
on outcomes until 1 July 2014. Thus the total period for evaluating outcomes was
from 1 July 2012 until 1 July 2014 (24 months). The statistics (code 8132) was
drawn from pulpectomies performed between 1 July 2012 and 31 June 2013 (12
month period). The records (paper and electronic) of the cases were drawn just
after 1 July 2014 to evaluate the outcome of treatment performed up until 1 July

2014.

Of the five hundred teeth, two case records could not be used for the study. One
was a mock entry on the electronic system and the other was a duplicate entry. Of
the 498 remaining teeth (Figure 2), 301 were presented for further treatment. A
further 197 teeth had no further treatment. Of the 301 that were presented for
further treatment 35 received another pulpectomy, 42 were referred for extraction
and 224 were obturated at the UPOHC. Thirty six of the teeth that were referred for

extraction were removed while six remained untreated.
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Figure 2: Outcomes measurement of success.

In addition, a differentiation was made in those teeth that were completed by
dentists and teeth completed by students. The calculation of data showed that the
dental students completed 120 (54%) of the 224 cases and the dentists completed

104 (46%) cases. (Table 2 below).

Table 2. Frequency table for distribution of completed RCTs (n=224)

Treatment Procedure n %

RCT was completed by a student 120 53.57
RCT was completed by a dentist 104 46.43
Total RCTs completed 224 100.00
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There was however no radiographs available for one tooth completed by a student
and for three teeth completed by the dentists. The technical quality for those teeth
could not be assessed. Thus the totals add up to 220 instead of 224 (Table 3) for

the technical quality assessment.

Table 3 below also lists the observed technical quality of the obturation per

provider type (student or dentists).

Table 3. Frequency table for outcome of RCT completed by students versus
dentists (n=220)

RCTs completed RCTs completed by

Total
by students dentists
n % n % n %
Satisfactory 71 59.66 55 54.46 126 57.27
Unsatisfactory 48 40.34 46 45.54 94 42.73
Total 119 100.00 101 100.00 220 100.00

Chi’*- test, not significant.

Analysis of the data pertaining to the students showed that they completed 59.66%
of the 119 assessed teeth “satisfactorily” and 40.34% “unsatisfactorily”. The
dentists on the other hand, completed 54.46% of the 101 teeth “satisfactorily”; they
treated 45.54% “unsatisfactorily”. These differences were not statistically significant

Chi*- test. See Table 3 above.

Table 4, on page 23, contains the overall results for the technical quality

assessment of the completed RCTs. The outcome is described as “satisfactory”,

© University of Pretoria




23

“unsatisfactory” or “incomplete”. Results from data showed 46.96% (n=232) of
cases were still incomplete after 16.56 months (SD 6.19) after initial treatment.
Those obturations assessed to be satisfactory accounted for 25.51% of all cases.
These teeth were adequately completed within an average of 4.47months (SD
5.06) after the initial phase of endodontic treatment. Moreover, 27.53% of obturated
teeth were assessed as unsatisfactory. These teeth were either referred for

extraction or inadequately obturated within an average of 6.22 (SD 6.20) months.

Table 4. Frequency table for results of study sample (n=494*)

n % Mean Duration  SD
(months)

Uncompleted:
Only the pulpectomy was done or the 232 46.96 16.56 6.20
pulpectomy was repeated
Technical quality Satisfactory:
RCT was adequately completed 126 25 51 4.47 5.06
Technical quality Unsatisfactory:
RCT was inadequately completed, the 136 27.53 6.22 5.82

tooth was extracted or referred for an
extraction (no follow up appointment

will be made on the latter).

* There were no radiographs for four teeth (thus the totals add up to 494 instead of 498 teeth).

The graph that follows on page 24 illustrates the duration in which the 126 root
canal treatments were adequately completed from the point at which the

pulpectomy was carried out.
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Kaplan-Meier completion time estimate

0.757

0.50

0.25

T T
0 3 6 9 12 15 18 21 24
Months elapsed

Graph 1:

Period of time elapsed from emergency pulpectomy to satisfactory root canal

completion.

The graph indicates that 50% of the teeth that were adequately completed were

completed within three months since initial treatment, 75% within six months and

the remaining 25% of teeth were completed between six and 24 months.

The teeth that were inadequately completed by either dentists or dental students

were classified according to the evaluation of the postoperative radiographs

(Table 5, page 25). The canals of 57 teeth were under-filled and 11 teeth were

over-filled. Sixteen obturated teeth had voids in the obturation and in 11 obturated

teeth a missed canal was diagnosed. In five obturated teeth an endodontic

instrument was fractured off. A proper coronal seal lacked in five of the teeth which

were either underfilled or had voids in the obturation. A root was perforated in a
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further two cases. Appendix D (page 52- 54) illustrates some digital radiographic
examples, of the underfilled and overfilled canals (Figures 3 and 4 respectively).
Appendix D also provides visual examples of voids in the obturation (Figure 5),
missed canals (Figures6 and 7), fractured files (Figure 8), loss of coronal seal

(Figure 9) and a root perforation (Figure 10).

Table 5. Frequency and reasons for inadequately obturated (filled) canals

Treatment Procedure n
RCT underfilled (short of radiological apex) (Figure 2) 57
RCT overfilled (past the radiological apex) (Figure 3) 11
Voids in the obturation (Figure 4) 16
Missed canal/s (Figure 5,6) 11
Fractured file (Figure 7) 5
Loss of coronal seal (Figure 8) 5
Root perforated (Figure 9) 2
Canal not optimally prepared (inadequate size) 1
Teeth that have two reasons for inadequacy* 13

*A total (n) could not be supplied as in some cases there were two or three reasons for inadequacy.

This Chapter summarized the findings of the study, which will be discussed in

detail in Chapter 6.

© University of Pretoria



26

Chapter 6:

Discussion

This study examined the capacity of the UPOHC to obturate the root canals of teeth
that were initially treated at the institution with emergency pulpectomies and
observed the technical quality of the RCTs that were completed. This chapter
contains an analysis of the results and make recommendations to advance both

education and service delivery.
The capacity of the UPOHC to complete RCTs

The research reported in the current study show that 45% (n=224) of the 498 RCTs
that were started were finished (obturated) during the period examined (Figure 2,
page 21). This is more or less congruent with the figures reported in a study by

Lynch (2010) at Cork University in Ireland.’

Dentists employed at the School of Dentistry, UPOHC generally do not complete
RCT due to their academic and research commitments. These dentists however,
perform the pulpectomies, after which the patient is placed on a waiting list for

completion of treatment by students.

In August 2012 the Department of Dental Management Sciences appointed a few
part-time dentists to relieve the service load, which included an 18 month waiting

list for endodontic treatment. One of these part-time dentists was employed with
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the purpose to complete RCTs. This is evident in the data analysis of the number of
completions done by a dentist (104 out of the 224 completed RCT cases). It
however creates a distorted result with regards to RCT outcomes at the UPOHC.
Due to financial constraints, the employment of all of these dentists could not be
continuously sustained. Moreover, the time-consuming endodontic procedures led
to an even bigger backlog in terms of emergency care and other curative work at
the UPOHC. This particular dentist who concentrated on RCT, no longer completes
RCTs due to a high load of other emergency patients. If the RCTs completed by
the part-time dentist in the study period was not taken into consideration, the result
for patients whose RCT’s were completed could probably have been as low as
25%. This 25% is probably the UPOHC’s actual capacity to treat. It should be
noted that some dentists completed walk-in patients, which would otherwise have

been placed on the waiting list.

The low completion rate in the current study raises the question of the
appropriateness of suggesting and performing a pulpectomy as a treatment option
in so many instances in the local oral health care system.4 This statement is
supported by the Kaplan Meier time estimate. The results indeed showed that the
chance for satisfactory obturation diminishes quickly after 6 months from initial
treatment and becomes virtually zero after 18 months (Graph 1 on page 24).
Clearly the demand for RCT exceeds the UPOHC' capacity to provide the

treatment, which indicates challenges in terms of the supply of human resources.

According to Lalloo (2007) the South African Department of Health prepared a

document: “A National Human Resources Plan for Health” recommending that the
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number of dentists produced every year must be reduced from 200 to 120 and, the
number of dental therapists needs to be increased from 25 to 600 per annum.® The
rationale for these recommendations is that the salary scales of dental therapists
are lower than the salary scales of dentists and the training period of therapists are
shorter, which will reduce the cost of basic dental care. The DMFT
(decayed/missing/filled teeth) score could drop if there is more intervention earlier
(oral hygiene instructions and restorations by therapists) before treatment reaches
the root canal stage. It is suggested that dental therapists should focus on basic
restorative dentistry, basic extractions and preventive care, which would aid
dentists to concentrate on more complex treatment options like RCTs and crown-
and bridge work, which therapist are not permitted to do.” These proposals have

not been implemented to date.

Another strategy introduced by the South African Department of Health to reduce
the insufficiency in human resources is the implementation of a one year
compulsory community service (CCS).68 These newly qualified dentists, that are
fresh out of Dental school are inexperienced in the area of endodontics. Most of
them are employed in designated rural areas where patients mainly seek extraction
of teeth. According to Holtshousen, over 80% of dentists who completed their CCS
in 2003 in the South African province of Gauteng alone, had done primarily
extractions.”*® Holtshousen goes on to say that these newly qualified clinicians felt
that their skills were not being optimally applied and that they had suppressed their
abilities to do specialised clinical procedures (such as crown and bridge work)
taught to them as undergraduates. The author felt that if mandatory community

service for dental therapists existed, dentists could entrust simple restorations and
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extractions to the therapist while focusing on the more specialized dental
treatment. It would add value to their career if the dentists carrying out their CCS
year could complete some of the RCTs at the School of Dentistry during the
periods when the rural clinics are not functioning at peak capacity. The aim of the
CCS program was for these young professionals to expand their skills and attain
knowledge during this period and simultaneously provide a service to the public. A
potential solution for the current predicament could be to place a community
service dentist at the UPOHC to eliminate or shorten waiting lists. Another solution
could be to introduce CCS for dental therapists so that they can perform basic
dental procedures, allowing dentists to spend more clinical time on patients
requiring RCT and other specialized dental work. Of course, such measures will
require capital investment by the Government into the supply of facilities, dental

equipment and additional support staff.

A further consideration might be to increase efficiency during service delivery
involving students by placing students in the emergency service unit more often
than they are currently doing. The focus here should be to also educate patients so

that dental caries can be prevented or at least the prevalence decreased.

At the UPOHC students spend a lot of time on preparing/disinfecting the surgery
(cubicle) for their patients and on locating materials. The output of these students
could certainly be increased if they could be provided with dental assistants.
Possible solutions may include the training of junior dental students to assist during

clinical teaching and learning, and greater collaboration with Universities of
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Technology. Dental assistant students, who are trained at the Universities of
Technology could for example be placed in the clinical wards during the student
clinical sessions so that productivity can be enhanced. It should be noted that
such collaboration used to exist in the past but has not been explored recently,
probably due to logistical problems and the needs of the Universities of

Technology themselves.

If more qualified chair side assistants could be employed then these personnel
could help the dental students to prepare their surgeries before and after
treatments. Dental assistants could help ensure that infection control protocols are
in place, gather and prepare dental materials to be used during the session, and
process instruments once the treatment has been carried out. Such measures will
not only increase the productivity of the students, but may even provide both the
dental and dental assistant students more time to apply their skills and
competencies, which may have an additional educational benefit. A similar
recommendation was made in the United Kingdom. The General Dental Council
recommended that for all dental procedures students work with a dental nurse
(referred to as dental assistants in South Africa).70 The implementation of any of the
above-mentioned suggestions and/or recommendations should be part of an
integrated human resource plan for the region and will require innovative
approaches in the undergraduate curricula presented at the School of Dentistry,
University of Pretoria and the University of Technology. This will require political will

and leadership.

© University of Pretoria



31

In the current study 8.43% (7.23 plus 1.20% - Figure 2) of teeth that was treated
with an emergency pulpectomy, was extracted or was referred for extraction after
the pulpectomy. Caplan et al. documented that teeth treated with endodontics
have significantly lower survival times in comparison to their matched non-
endodontically treated controls.” Endodontically treated teeth could be lost for
reasons such as periodontitis, tooth fracture due to weakened coronal tooth
structure or damage during endodontic treatment.”’ Jones et al. stated that
preserving teeth improves the quality of life.” Thus, receiving of RCT as compared

54,72

to having the tooth extracted is a useful gauge of the quality of oral care.” " " The
real reasons for the extraction in 7.23% of teeth after the emergency pulpectomy at
the UPOHC remain unknown. It could be speculated that due to complications that
reduced the prognosis of the outcome some patients may have become
despondent with continuous pain or repeated dental visits for the same tooth.
When a patient is referred for an extraction at the UPOHC the chances of the
extraction taking place on that day is very slim. Most often the patients are
requested to return on another day due to the great demand for extractions at the
UPOHC. The waiting lists that exist for the completion of the RCT is evident in the
46.6% of teeth which after one year, had no further treatment or for which the
pulpectomy had to be repeated. The pulpectomy could have been repeated
because the patient experienced re-occurring pain or due to loss of coronal seal
because the temporary restoration had fractured or had been dislodged. Waiting
lists are a trait of worldwide tax-funded health care sys’[ems.73’74 An attempt has

been made by the Department of Odontology (The Endodontic subsection) in 2014

to reduce the waiting list. A full time staff member was appointed to review the
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teeth of patients on the waiting list to eliminate those teeth that can no longer be
saved or teeth that were too difficult for students to complete. The effectiveness
and sustainability of this intervention has however not been determined to date as

that dentist has left the University of Pretoria.

As a solution to a similar problem, Lynch et al. (2010) recommended that patients
should be properly selected and counselled beforehand to prevent improper use
of manpower and resources.”’ ldeally, treatment options should be conveyed to
patients in an impartial manner when both RCT and tooth extraction are feasible
choices, so that their preferred decision is well informed.” Patients must be
informed of the follow-up procedures that will be required to complete the
treatment. They should also be counselled with regards to the importance of
maintaining good oral hygiene. The recommendation to pre-counsel patients need
to be applied to the current situation, although a lack in human resource capacity
to complete the RCTs may have mainly contributed to the low completion rate in
the current study. It should be noted that virtually all vacant dental posts at the
UPOHC have been filled during the study period. There is also limited office space
and insufficient treatment chairs available to accommodate more oral health care
personnel. Furthermore, all patients who are placed on the waiting lists to complete
the RCTs are systematically contacted for appointments with the students as soon

as appointments become available.

Up to this point the discussion chapter focussed on the institution’s ability to

complete RCTs and possible solutions to remedy the situation. It is, however,
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important to remember that it is of no value to complete RCTs if the clinical quality

is poor. The control of the quality of the outcomes is therefore essential.

Technical quality of RCTs at the UPOHC

The results on technical quality from the current study showed that 57.27% (Figure
2, page 21) of completed cases were of acceptable quality (using the criteria
described in Table 1 on page 17). This percentage appears to be lower than those
found in other studies®™® which focussed on the quality of the root canal fillings
done by undergraduate students. Lynch et al. reported in 2006 that 70% of the
RCTs performed had acceptable root fillings using the same criteria as used in this
research.” A similar study, by Chakravarthy and Moorthy found that 61.35% of the
RCT's completed by undergraduate students in the Department of Conservative
Dentistry and Endodontics, Penang International Dental College, Malaysia were
adequate.6 The latter is more or less the same compared to the results of this study
where acceptable technical quality was achieved by dentists and students. It
should be noted that in some instances different methodologies may have been
applied and the expertise of the examiners of the technical quality may have

differed, which limits the comparability of these studies.

Chakravarthy and Moorthy’s study suggested that auditing the root canal fillings
plays an essential role in quality assurance in dental schools. The authors offer
valuable insights such as the need for regular review of the endodontic curriculum,
to lengthen the time spent in preclinical and clinical training, to increase staff-

. . . . 7
student supervision ratio and to incorporate student self-assessment exercises. In
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another study by Hayes et al. a mere 13% of RCTs were adequately obturated
using the same criteria used in the current s.‘[udy.38 This particular study by Hayes
et al. stated that the poor results reflected the dental students’ lack of experience,

inadequate supervision and assessments methods.

Endodontics is indeed a difficult skill”""®

and the clinician’s competence is the
overriding factor determining the success of the outcome of root canal treated
teeth.” Duvivier et al. emphasized the need for deliberate repetition of practical
exercises in order to acquire the necessary clinical skills.”  Simulation in
undergraduate studies is common prac’[ice.80 As part of the current curriculum at
the UPOHC, the dental students in their third year of study practice RCT on
extracted teeth in the skills laboratory. They are allowed to treat endodontic
patients in their fourth year of study only once they have passed the preclinical
practical exam. Although these students start at an early stage in their studies to
identify the root canal system more extensive training can be planned. Scaffolding
is an approach to enhance a student’s self-governed learning skills.” At every level
of study the students should have adequate assistance in the initial phases of
endodontic training and then gradually be weaned off instruction as they master
the endodontic milestones independently.82 This means gradually reducing the
support and progressively expanding the student’s responsibili’[y.82 The experience

gained in increments whether good or bad from the second year of study already

will produce a more confident and skilled clinician.

In view of these findings it is recommended that an increase in student clinical

quotas for endodontics be considered at the UPOHC. The quotas could be
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increased if more digital radiographic machines could be installed as time is
wasted queuing to have radiographs taken during the endodontic treatment
sessions. Endodontics could already be introduced more extensively in the
preclinical third year of study. Included in this preclinical year should be the
practical application of modern technology such as the rotary instrumentation and
the electronic determination of working Ier1gths.63’83 The technique for obturation of
root canal treated teeth currently being taught to undergraduate dental students at
the University of Pretoria is cold lateral condensation. They make use of gutta-
percha which Hammad ef al. documented as showing the minimum amount of
voids during root section.* The final year students are however, additionally taught
to use the ProTaper system which consists of rotary nickel-titanium files. An earlier
introduction of the use of rotary instruments (particularly the use of rotary
instruments on extracted teeth in the laboratory) may improve the acceptable
outcome of completed root canal treatments (57% of patients whose root canal
reached obturation stage). This application of the use of rotary instruments in

clinical wards must be preceded by thorough practice on extracted teeth.

Hayes’ statement about supervision and assessment methods is confirmed in
another study by Lynch et al. (2006) stating that teaching of undergraduate
students should be done by specialist endodontists rather than academic
consultants who have an interest in endodontics.”®" It is therefore recommended
that dentists supervising the endodontic clinical student sessions at the UPOHC
should preferably have postgraduate qualifications in the endodontic field of
study.s’52 Seminars should be presented to supervisors that do not have

postgraduate qualifications.63 This could contribute to their Continuing Professional
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Development (CPD) points required by the Health Professions Council of South
Africa. It should also be considered to increase the supervisor-student ratio for

endodontic sessions as also recommended in Chakravarthy’s study.7

The results from Table 3 (page 22) indicate that both satisfactory and
unsatisfactory RCTs completed by qualified dentists and undergraduate students
differ with only 5.2%. It is conceivable that qualified dentists should have a higher
success rate compared to students. The staff of the UPOHC however work under

41,85
In

severe time constraints, which may influence the quality of the clinical work.
addition the more complicated RCT cases are most often assigned to the dentists
to complete. A valuable insight by Hayes et al. stated that there should be
focussed on the quality of treatment rather than quanti‘[y.38 Dentists at the UPOHC
should allocate more time to complete each RCT rather than aiming for quantity

(compromising quality). However, this will impact on the delivery of other essential

dental services.

The discussion above addressed the reasons for the RCT outcomes at the UPOHC
and made recommendations on how it can be overcome. It should however be
noted that the findings of the current study should be viewed bearing in mind the
limitations of the research design. The limitation of the study is that two-dimensional
radiographs (conventional digital intra oral digital) were used to assess the
technical quality of the completed root treatment instead of a three-dimensional
radiograph (a CBCT scan/cone beam) which would have been ideal in viewing

every aspect of the tooth. It is financially costly to perform a CBCT scan on every
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endodontic patient at this institution and the high radiation dosage produced with

the CBCT imaging makes it unethical to perform routine scans.”

Also as with most retrospective studies, data quality depended largely on the
quality of the existing records documented”’ including legible handwriting on the
hospital files. Sometimes students or dentists failed to capture the entire treatment

visit or tooth numbers for treatment procedures were omitted.

The dentist nominated to view the postoperative radiographs could have deducted
that RCTs were completed by students in cases where the dentist failed to use a
rubber dam which may be noted on the digital radiographs. Students are not
allowed to complete RCTs without the use of a rubber dam whereas dentists at
times do not make use of it. This may have introduced some biased in the

assessor’s decision making.

Another limitation in this study is that the reason why patients did not return for the
completion of the RCT is unknown. As mentioned earlier a solution to a similar
problem Lynch et al. (2010) recommended that patients should be properly
selected and counselled (with regard to completing their treatment) prior to the

5
pulpectomy.
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Chapter 7:

Conclusion

It is evident from the current study that the demand for RCT exceeds the capacity
of the UPOHC to complete the RCT’s. The centre has an inability to adequately
follow up on RCTs that were initiated while only a minority of teeth on which a
pulpectomy was performed were extracted during the study period. Just over half
(57.27%) of the cases that were obturated were of adequate quality. This indicates
that a need exists for intervention in the functioning of the dental health system in
order to increase productivity. It is suggested that a primary health care approach
with a preventative focus combined with an integrated human resource plan for the
region be investigated as part of the planned National Health Insurance (NHI). An
assessment of the availability of the necessary dental treatment facilities is vital for
proper planning. This should be complimented with a review of the undergraduate
endodontic curriculum to improve students’ skills and efficiency in the service

learning environment.
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Appendix D

RADIOGRAPHIC EXAMPLES OF INADEQUATELY OBTURATED RCTs

A

Figure 3: Exhibits canal filled short of radiographic apex (underfilled)

3 A: Shows an off centre access cavity preparation
with a root canal obturation that is short of the
radiographic apex.

3 B: Shows a root canal obturation that is short of the
radiographic apex probably due to the fit of an
incorrect master size GP point. Note the presence of
the canal beyond the obturation material.

3 C: Shows a root canal obturation that is short of the
radiographic apex in both canals. Note the presence
of root canal sealer in the apical parts of the root

canals that were not obturated adequately.

Figure 4: Exhibits canal filled past radiographic apex (overfilled)

4 A: Shows over extension of gutta-percha done

probably due to overpreparation.

4 B: Shows an overfil of obturation material in the

distal root canal system.

Figure 5: Exhibits Voids (density inadequate) in the obturation.

5A-C:

Shows inadequate root canal obturation.
Note the poor condensation of the gutta-
percha and voids in the obturation material.
This is probably due to using a poor lateral

condensation technique.
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Figure 6: Exhibits a missed canal

6 A: Shows a mesial canal that was
missed when preparing and obturating the

canals of the17.

6 B: In this radiograph, identical to A, the

missed canal is indicated.

Figure 7 : Exhibits a missed canal

7 C: Shows the mesial canal missed in a

mandibular first premolar.

7 D: In this radiograph, identical to C, the

missed canal is indicated.

Figure 8: Exhibits fractured instruments.

8 A: Shows a fractured instrument in the
apical curvature of the distal canal of the
36. The mesial canal is obturated short of

the working length.

8 B: Shows fractured instruments in the
apical areas of both mesial and distal root
canal systems. There is also loss of
coronal seal at the distal interproximal

area of the crown (46) in B.
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9 A: The arrow indicates loss of coronal seal. The

canal is also underfilled.

9 B: The arrow indicates loss of coronal seal at the

distal interproximal area of the crown.

Figure 9: Exhibits loss of coronal seal.

L.

2

h Figure 10: Shows a root perforation that occurred during root canal preparation but was only

evident after obturation.

Figure 10: Root Perforation
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