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ABSTRACT

In Sweden, 250,000 root fillings are performed every year. The outcome of root canal
treatment (RCT) is strongly correlated to the technical quality of the root filling.
Epidemiological studies show high frequencies of suboptimal technical quality. Within
the Swedish population, there are about 2,500,000 root-filled teeth with persistent
periapical infections. There is therefore a discrepancy between the results that can be
achieved and what is actually achieved in general dentistry. RCT is technically
complicated, but new technology for instrumentation appears to have facilitated the
procedure, as well as the technical results. Study I is a long-term follow-up of an
implementation programme in the Gothenburg Public Dental Health Service (DHS),
where all the dentists were educated in the new technology. The initial improvement in
root-filling quality as seen in the radiographs remained. However, poor quality root
fillings were still performed. In Study II, a different educational approach was
investigated among all the dentists in the Sédra Alvsborg DHS. The aims were to activate
local networks at the clinics and enable the hands-on training to be performed by an
educated dentist from each clinic. The results corresponded to the results in the
Gothenburg study. Most dentists adopted the new technique and the frequency of good
quality root fillings improved, albeit without any concomitant decrease in poor quality
cases. It seems obvious that dentists fairly frequently accept inadequate technical results.
With a view to understanding the reasons and decision-making related to suboptimal
treatment, Studies III and IV used focus-group discussions with dentists within the
Gothenburg DHS. Before the interviews, the dentists assessed the root-filling quality in a
number of cases. The three cases causing the most divergent opinions were chosen for
further discussions in the focus groups. Seven interviews were video taped, transcribed
and analysed using qualitative content analysis. In Study III, the attitude to RCT was
highlighted. The treatment was often associated with negative feelings, such as stress and
frustration. The treatments were perceived as complex and technically difficult, often
performed with a feeling of loss of control. Most dentists stated that they were not able to
complete a case within the allotted time. Often “good enough” was seen as a realistic goal
instead of optimal quality. The idea of “good enough” was further explored in Study IV.
The analysis showed that the radiographic image was not a sufficient basis for whether
or not to accept a poor root filling. Instead, it was always the specific situation in which
the root filling was made that was decisive. These situations were related to pulpal or
periapical health, risk assessments or personal or economic resources.

Keywords: root-filling, nickel-titanium rotary instrumentation, implementation, hands-
on, social network, focus groups, qualitative content analysis, general dental
practitioners, stress
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SAMMANFATTNING PA SVENSKA

I Sverige rotfylls ungefar 250 000 tinder arligen. Behandlingsutfallet ar starkt korrelerat
till den tekniska kvaliteten pa rotfyllningen. Epidemiologiska rontgenologiska studier i
svenska och internationella populationer pekar samfillt pa en hog frekvens av tekniskt
bristfélliga rotfyllningar. Det berdknas finnas 2 500 000 rotfyllda tidnder i Sverige med
tecken pa apikal inflammation. Rotfyllningar utférda av specialister visar en betydligt
hogre andel av god kvalitet och invandningsfria apikala forhallanden. Det foreligger alltsa
en stor differens mellan den kvalitet som ar mojlig att nd och den som faktiskt uppnés av
tandldkare i allmdnpraktik. Rotbehandlingar &ar tekniskt komplicerade men nya
teknologiska hjidlpmedel att instrumentera kanaler tycks kunna férenkla proceduren och
ge mojligheter till forbattrad rotfyllningskvalitet. Studie I ar en langtidsuppfoljning av en
insats dar alla allmantandlikare i Goteborgs Folktandvard utbildades i ett nytt
instrumenteringssystem. Man fann att den initialt allmant férbattrade rontgenologiska
rotfyllningskvaliteten stod sig 6ver tid. Emellertid producerades fortfarande rotfyllningar
av bristande kvalitet. Ett annorlunda pedagogiskt uppldgg provades i en utbildning av
samtliga tandlikare i Sédra Alvsborgs Folktandvard (Studie II). Syftet var att aktivera
kliniken som ett lokalt nidtverk och utbildningens praktiska del drevs av en lokal
tandldkare. Man fick motsvarande resultat som i Goteborgsstudien. En stor del av
tandldkarna gick 6ver till ny teknik och rotfyllningskvaliteten forbattrades i stort.
Aterigen kvarstod dock noterbart ménga rotfyllningar av bristande kvalitet. Det tycks
alltsd uppenbart att tandldkare relativt frekvent accepterar ett suboptimalt
behandlingsresultat. I syfte att kunna finga detaljer i resonemang och beslutsfattande
bakom ett sddant accepterande planerades studie III och IV som fokusgruppintervjuer
med tandldkare i Folktandvdrden i Goteborg. Fore varje intervju fick tandlidkarna
bedoma rotfyllningskvaliteten pa ett antal utskickade fall. Tre av dessa tjanade sedan
som utgangspunkt for diskussionerna. Sju intervjuer videofilmades och transkriberades
och textmaterialet analyserades med hjalp av kvalitativ innehallsanalys. Totalt deltog 33
tandldkare i fokusgrupperna. I studie III lyfts tandliakarnas allmédnna instillning till
rotbehandling. Analysen visade att behandlingarna ofta var foérknippade med en rad
negativa kinslor som stress, frustration och mental utmattning. De upplevdes ocksa ofta
som komplexa och tekniskt svira, mdnga ganger genomforda med en uppenbar kinsla av
att sakna kontroll. Ofta antyddes att "bra nog” var ett mer realistiskt mal dn optimal
kvalitet. Idén om "bra nog” analyserades vidare i studie IV. Analysen visade att
tandldkarna inte enbart tog hansyn till rotfyllningens tekniska kvalitet, utan det tycktes
alltid vara specifika situationer i det enskilda fallet som avgjorde om en rotfyllning
accepterades eller inte. Typiska sddana situationer befanns vara relaterade antingen till
det sjukdomstillstind som behandlades, de risker som var varda att ta eller de resurser
som var rimliga att férbruka.

Konklusion: Nya teknologiska innovationer ger mojligheter att forbattra
rotfyllningskvaliteten i allmanpraktik. Problemet med suboptimal behandling kan dock
inte forvantas att forsvinna. Att dalig teknisk kvalitet accepteras av tandldkare beror
delvis pa att rotbehandlingar ofta genomférs under hog stressniva och upplevs som
komplexa och tekniskt svdra. For att hantera den Kkliniska situationen maste en
uppfattning om "bra nog” utvecklas. En sddan uppfattning tycks inte finnas som en fardig
matris, applicerbar pa enskilda fall. Snarare tycks specifika kontextuella drag i det
enskilda fallet vara det som avgdér om kvaliteten pa en rotfyllning ska betraktas som
acceptabel eller inte.
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1 INTRODUCTION

Root canal treatment (RCT) can be regarded as a set of procedures designed
either to prevent or to cure apical periodontitis (@rstavik & Pitt Ford 2008).
The technical quality of the treatment as reflected in the radiographic
appearance of the root filling has been found strongly to correlate to the
treatment outcome in terms of the presence or absence of signs of apical
periodontitis. Radiographic epidemiological surveys unanimously report high
rates of substandard treatments and accordingly find high rates of apical
periodontitis in root-filled teeth. In Sweden, a small country with eight million
inhabitants over the age of 15 years, approximately 250,000 teeth are root filled
on an annual basis, corresponding roughly to an economic cost of 1 billion SEK
(Forsakringskassan 2013, Statistics Sweden 2014). The number of root-filled
teeth with signs of apical periodontitis in the Swedish population can be
estimated to amount to at least 2,500,000.

Apical periodontitis

When the pulp is deprived of its vitality, its defensive capability is lost and, if left
un-negotiated, the pulpal space will be invaded, over time, by micro-organisms
(Bergenholtz 1974, Sundqvist 1976). Bacteria, bacterial products and
inflammatory mediators accumulate in the root canal system and may spread
beyond the apical foramina and elicit an inflammatory reaction in the periapical
tissues: apical periodontitis (AP). Apical periodontitis functions as an important
protective barrier to prevent the spread of bacteria and bacterial components to
other body compartments (Metzger et al. 2010). In spite of its barrier function,
AP may occasionally be associated with local clinical symptoms such as
tenderness, pain and swelling and, albeit rarely, it may be a life-threatening
condition if it spreads through anatomical pathways or the circulatory system
(Skaug & Bakken 2010).

Reasons for performing RCT

There are several possible ways for the pulp to become compromised and risk
developing pulpitis and subsequent pulpal necrosis and AP. Injuries to the pulp
may be a result of caries, trauma, dentinal cracks or restorative procedures. In
other cases, AP may be iatrogenically induced, for example, if aseptic conditions
are not maintained during treatment or if infected material is extruded through
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the apical foramen during endodontic treatment (Yusuf 1982, Happonen &
Bergenholtz 2003). Sometimes, clinically healthy pulps are treated. Most often,
the purpose of this treatment is to enable the anchoring of a prosthetic
abutment when the major part of a tooth crown is lost.

Caries is regarded as the main reason for pulpal injury. During the last few
decades, a substantial decline in caries prevalence has been documented in
many industrialised countries (Marthaler 2004). However, despite the fact that
general dental health has improved, the frequency of performed root fillings has
not decreased. Instead, reports based on data covering a period of 20-30 years
show an increase in the numbers of root fillings (Bjgrndal & Reit 2004,
Eckerbom 2007). This can be explained in part by a reduction in the frequency
of extracted teeth, exposing more anatomically complicated teeth such as
molars to the risk of pulpal disease (Bjgrndal & Reit 2004).

Root-filling quality

Numerous studies have demonstrated an association between the quality of the
root filling and AP, in that inadequate root fillings (too short or too long and/or
defective seal) increase the frequency of AP (Bergenholtz et al. 1973, Petersson
et al. 1986, Eckerbom et al. 1989, De Cleen et al. 1993, Saunders et al. 1997,
Kirkevang et al. 2000, Segura-Egea et al. 2004, Ridell et al. 2006, Frisk et al.
2008). In relation to the length of the root filling, the best outcome has been
reported when the obturation ends within the apical 2 mm from the
radiographic apex (Bergenholtz et al. 1973, Sjogren et al. 1990, Frisk et al. 2008,
Ng et al. 2011, Ricucci et al. 2011). If the root filling is too short, there is a risk
that infected pulp remnants and infected dentine chips will be left in the apical
part of the canal. Over-instrumentation may induce displacement of infected
dentin chips into the periapical tissues (Yusuf 1982). Over-instrumentation will
also result in the widening of the constriction and the apical foramen, which in
turn makes it more difficult to create a dense seal in that area. A defective seal,
especially in the apical part of the canal, provides space for surviving micro-
organisms and allows tissue fluid into the canal for their nutrition and growth.

Technical development

Traditionally, stainless steel files have been used to negotiate the root canal.
However, in curved canals, these files have been shown to create various
procedural errors. The genesis of these errors is found in the characteristics of
the stainless steel alloy. It is a stiff alloy and there is a substantial increase in
instrument stiffness with increasing instrument size. In order to reduce the
procedural errors, manufacturers have tried to alleviate the problems by
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altering the tip design of the files, changing the cutting surface and making
alterations to the composition of the material. However, one of the most
significant advances in order to overcome the difficulties caused by curved
canals was the introduction of nickel-titanium alloy to fabricate root canal hand
files. For this, Walia et al (1988) used Nitinol, a nickel-titanium (NiTi)
orthodontic wire that was machined directly on the starting blanks. The alloy
has super-elastic capacity, meaning that the alloy returns to its original shape
upon heavy loading. Laboratory studies (Esposito & Cunningham 1995, Bishop
& Dummer 1997), as well as a clinical prospective cross-over study (Pettiette et
al. 1999), have demonstrated that NiTi hand files maintain the original shape of
the canal more effectively than stainless steel hand files.

In the early-1990s, nickel-titanium rotary instrumentation systems (NTRI),
hand-piece driven instruments at low speed, were developed. The NTRI
technique was reported to facilitate root canal treatment and generate good
root canal geometry in laboratory tests (Esposito & Cunningham 1995,
Baumann & Roth 1999, Gluskin et al. 2001, Schafer 2001, Hillsmann et al. 2003,
Schifer & Florek 2003, Guelzow et al. 2005). In a retrospective study of cases
treated by undergraduate and postgraduate students, lower rates of procedural
errors such as ledges and perforations were reported for NTRI in comparison to
stainless steel hand files (Cheung & Liu 2009). In order to compare the root-
canal-shaping ability of manual NiTi files and NTRI, Sonntag et al (2003)
performed a laboratory study among undergraduate dental students. The
results indicated that NTRI exhibits advantages over the manual technique in
the hands of novice users. Procedural errors occurred less frequently, the
working length was more often achieved and less time was required to prepare
the canals. However, in the hands of two experienced dentists, no such
differences were registered (Peters et al. 2001).

Clinical vs. epidemiological studies related to outcome

High quality RCT requires meticulous accuracy. In order to optimise the
disinfection of the canal and minimise the risk of bacterial contamination, all
conditions have to be controlled during the entire treatment. Sundqvist & Figdor
(1998) summarised the requirements as follows.

“It is important that each phase of the endodontic treatment is performed
according to accepted clinical standards: aseptic working conditions,
adequate disinfection, precise canal length measurement, adequate canal
preparation, irrigation, complete root canal obturation and a seal-tight
coronal restoration.”
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These ideal conditions may be present in clinically controlled studies in which
strict protocols are followed and “success rates” of 85% to 95% have been
reported (Strindberg 1956, Kerekes & Tronstad 1979, Sjogren et al. 1990,
@rstavik 1996, Molven et al. 2002, Gesi et al. 2006). However, both Scandinavian
and international epidemiological population studies, representing treatments
performed by general dentists, provide a different picture. They reveal a high
frequency of inadequate root fillings and it is not possible to determine the
extent to which treatment protocols have been followed. Since the quality of
RCT largely determines the periapical status, a considerably higher frequency of
AP is to be expected. Consequently, at teeth root filled by general dentists, the
level of apical conditions to which no objections could be raised, is reported to
reach only 35-75% (Odesjo et al. 1990, Weiger et al. 1997, Kirkevang et al.
2001a; Lupi-Pegurier et al. 2002, Jimenez-Pinzon et al. 2004, Kabak & Abbott
2005, Siqueira et al. 2005, Sunay et al. 2007, Frisk et al. 2008, Georgopoulou et
al. 2008). In an epidemiological study, the radiographic evidence of a root filling
has been shown to be the most important risk indicator for having AP
(Kirkevang & Wenzel 2003).
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2 AIMS

The starting point of this thesis is the clear distinction between what it is
possible to achieve (as reflected in clinically controlled studies) and what is
actually achieved (as reflected in epidemiological studies) with RCT in terms of
treatment outcome. Since treatment outcome is strongly correlated to the
technical quality of the root filling and poor quality seals are prevalent in
general dentistry, possible means of improvement were the focal point in the
presented studies. Two research strategies were chosen: one action oriented
(effects of implementing new instrumentation technology) and one exploring
reasoning and understanding related to RCT among general dental
practitioners.

The specific aims were to:

L. Study the long-term effect on root-filling quality of an education
programme introducing NTRI in a public dental health organisation

I1. Test the hypothesis that a modified education programme aiming at the
activation of social/professional networks would increase the adoption
rate of NTRI and improve root-filling quality

1L Explore elements of reasoning and understanding that might obstruct
the performance of good quality RCT and make general dental
practitioners produce and accept root fillings of substandard quality

Iv. Explore the concept of “good enough” treatment results by analysing
reasons and arguments in favour of the acceptance or rejection of
substandard root-filling quality as reported by general dental
practitioners
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3 PARTICIPANTS, METHODS AND RESULTS

STUDY I II III IV
Method Quantitative Quantitative Qualitative Qualitative
Design Follow-up Educational Descriptive, Descriptive,
intervention exploratory exploratory
Data Questionnaire Questionnaire Focus-group Focus-group
Radiographs Radiographs interviews interviews
Sample Public dental Public dental Public dental Public dental
health health health health
practitioners practitioners in practitioners in | practitioners in
in Gothenburg Sédra Alvsborg Gothenburg Gothenburg
Analysis Radiographic & Radiographic & Qualitative Qualitative
statistical statistical content content
analyses analyses analysis analysis
Included All PDH All PDH
(n) dentists dentists
120 (2001) 33 33
174 (2005) 90
Gender,
female
(%) 69 70 70 70
Mean
years of
age Unknown Unknown 44 44
Mean
years of
practice 19 17 15 15
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31 Studieslandll

Background

The replacement of stainless steel instruments with more flexible NiTi files was
shown in laboratory tests to facilitate canal preparation and result in an
increased frequency of good quality root fillings (Esposito & Cunningham 1995,
Bishop & Dummer 1997). Further improvement was reported following the use
of NTRI in resin blocks and extracted teeth (Baumann & Roth 1999, Gluskin et
al. 2001). The potential clinical advantages of using NTRI were investigated by
Molander et al (2007) and Reit et al (2007), who implemented a
comprehensive education programme in the Gothenburg Public Dental Health
Service (DHS) starting in June 2000. All the clinics in the DHS (25 clinics/148
dentists) were enrolled in the study. The clinics were randomised to one of two
education programmes.

One of the education programmes included a four-hour lecture in root canal
instrumentation and the concept of the NTRI technology (L Group). The
practitioners in the other education programme participated in the same lecture
course but attended an additional six-hour hands-on practical training course
(HO Group). In the first part of the study, the dentists at seven clinics attended
the lecture programme and six clinics participated in the hands-on education. In
this part, the GDPs at the remaining 12 clinics served as controls. The control
clinics were educated in one of the two programmes later in the study period.

At baseline, 4% of the dentists used NTRI. After a six-month clinical training
period, the adoption rate of NTRI increased to 73%. However, a lecture in
combination with hands-on training resulted in a higher rate of adopters (94%)
than a lecture without hands-on (53%)(Reit et al. 2007). The frequency of good
quality root fillings increased from 31% to 51% in the L Group and from 27% to
47% in the HO Group. However, no statistically significant decrease was
registered in the frequency of poor quality root fillings.

After the study period, all the dentists were gradually given hands-on training,
those in the L Groups as well as all new employees. To investigate the long-term
adoption rate in the organisation, a follow-up was conducted four years after the
implementation. The utilisation rate was still high, reaching 88% (Reit et al
2007).
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Main findings in the Gothenburg studies 2007

o Education in NTRI increased the frequency of good quality root
fillings.

o Education in NTRI did not reduce the frequency of poor quality
root fillings.

o A programme including hands-on training was superior to a
programme based on only lectures in terms of the adoption of
NTRI

o The high rate of adoption found after the implementation of
NTRI was maintained among the practitioners in the
organisation at the four-year follow-up.

Study I

With the findings from the Gothenburg study in mind, the first scientific
question in the present thesis was framed as follows.

Scientific issue 1:

Does education in NTRI result in a lasting positive effect on root-
filling quality?

Participants

The study was performed at organisation level. As a result, all active GDPs in the
Gothenburg DHS in October 2001 (n = 120) and in June 2005 (n = 174) were
included in the study.

Data collection and assessment

For the follow-up material, a co-ordinator at all the clinics was instructed to
choose radiographs of the two molars most recently root filled by each GDP and
to send them to the study group. The practitioners received a questionnaire
(identical to the one used in 2001) on various characteristics. The data from the
implementation study in 2001 were re-evaluated, now including all active GDPs.
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The root-filling quality was assessed using the same protocol as Molander et al.
(2007). In this protocol, four aspects of the root filling were assessed: the apical
distance, quality of seal, taper and canal transportation. Based on these
elements, a quality score was constructed with Score 1 representing “good
quality” and Score 5 representing “very poor quality”. The length of the root
filling was evaluated as correct if it ended within 2.5 mm of the radiographic
root apex. Cases with a surplus of sealer material were judged as correct if the
apical preparation was placed within 2.5 mm of the apex. The quality of the seal
was assessed in the apical two-thirds of the canal. In roots with two canals, only
the highest score was recorded. The cases were coded and presented to the
observers in random order. The radiographs were jointly assessed by two of the
authors (LD and AM) in order to reach consensus. If this was not possible, a
third observer gave a verdict (CR). Fifty roots were re-evaluated after one
month and the intra-observer agreement reached a kappa value of 0.85.

Results Study 1

New cases were received from 153 of the 174 GDPs (88%), leaving 588 roots in
287 teeth to be included in the study. Radiographic material from 118 of the 120
dentists employed in 2001 was available, representing 456 roots.

The rate of good quality root fillings (score 1) had increased from 45% in 2001
to 52% in 2005 (P = 0.038). No significant decrease in very poor root fillings
(score 5) was registered. However, in mesiobuccal roots of upper molars (roots
often curved), score 5 had decreased from 22% to 6% (P = 0.006). A quality
score (score 1/score 5) was calculated and, due to more score 1, it increased
from 4.5 (207/46) in 2001 to 6.8 (300/44) in 2005. Among all roots treated in
2005, 16% were not adequately sealed (scores 4 and 5; referred to as poor
quality in the text).

Study II

The Gothenburg education package increased the rate of adoption of NTRI
as well as the rate of good quality root fillings. However, the format did not
eliminate the problem of poor quality root fillings.

Scientific issue 2:

Could a different educational design improve the situation?




On root-filling quality in general dental practice

Background

While treating patients, dentists most frequently work alone with a nurse in
their surgery. Although there are many practitioners working together in a
clinic, they generally have only limited insight into what others do, how they
reason and how they perform. Social integration among colleagues is not a given
at a workplace and it is not unusual for dentists to work at single-handed clinics.
Interaction between people has been described as an important factor for
staying up to date and for what people accomplish at work. In a study of doctors,
Coleman et al. (1966) described the way different patterns of interpersonal
communication influenced the diffusion of an innovation within a network. The
time taken for diffusion and adoption was substantially shorter among doctors
with many individual networks (discussions, friendship or advice) than among
those who were socially isolated with few interpersonal relationships.
Furthermore, it has also been suggested that social isolation is associated with
the performance of professionals. Studies among practitioners in the UK have
shown that poorly performing doctors are often isolated and not aware of their
gaps in knowledge and skills (Bahrami & Evans 2001, Ashworth et al. 2011,
Holden et al. 2012). Interacting in networks provides the opportunity to discuss
cases and new techniques. Study II was performed on the hypothesis that
education and the concomitant activation of local networks would increase the
adoption rate of NTRI and improve root-filling quality. In addition, there was an
idea that the rate of poor root fillings would decrease. In the programme, the
practical training was relocated to the individual clinics using a trained GDP as
the instructor (coach). The idea was that this would open the door to
discussions and the exchange of experience.

Participants

The study was performed at organisation level. All active GDPs at the 25 clinics
in the Sédra Alvsborg DHS in January 2004 (n = 90) were included. Initially, the
practitioners at each clinic chose a colleague among themselves to be trained as
a coach.

Education

At the start of the study, the coaches were educated by a specialist according to
the Gothenburg hands-on protocol; a four-hour lecture and six hours of hands-
on training in NTRI. After a six-month training period, the coaches reunited for a
“kick-off” before the upcoming education at the clinics. At this time, the
remaining GDPs attended a lecture given by the same specialist. The coaches
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then conducted the practical education at their clinic. It was a requirement that
this education should include collective hands-on training as well as discussions.

Data collection and assessment

Questionnaires identical to those in the Gothenburg studies were used at
baseline and after six months’ training.

The coach at each clinic collected and coded the radiographs of the two most
recently root-filled molars from each dentist, just before and six months after
the training. Only radiographs from practitioners contributing cases pre- and
post-education were included in the study. The radiographs were assessed as
described in Study I.

Results Study 11
Adoption

At the start of the study, 21% used rotary instrumentation. At the end of the
study, 79 of the initial 90 dentists were still active in the Sédra Alvsborg DHS.
The response rate to the questionnaire was 97% (77/79). Eighty-eight per cent
of the responders reported using NTRI. At 75% of the clinics, all the GDPs used
rotary instrumentation. At the three largest clinics (6-9 dentists/clinic), 95% of
the practitioners used NTRI. At ten smaller clinics (3-5 dentists/clinic), the
adoption rate reached 88%, while, at the smallest clinics with one or two GDPs,
the new technique was accepted by 85%. In only one clinic had a minority (two
of five practitioners) adopted NTRIL

Root-filling quality

Radiographs before and after the education were submitted by 84% of the
dentists (66/79). Two hundred and sixty roots in 128 teeth before the education
and 260 roots in 110 teeth after the education were evaluated. The proportion
of good root fillings (score 1) increased from 45% to 59% (P = 0.003), but no
significant decrease in very poor quality (score 5) was registered. The quality
score (score 1/score 5) increased from 5.36 (118/22) to 9.5 (133/14). If the
decrease in score 5 had been due to an increased frequency of score 4, no actual
positive effect would have been achieved, as score 4 still represented a defective
seal. For this reason, we also included score 4 in the quality score (score 1/score
4 + score 5), resulting in 2.87 (118/19 + 22) before and 4.9 (133/ 13 + 14) after
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the education. The result for “educational benefit ratio” was found to be similar
(9.5/5.4=1.8 and 4.9/2.87=1.7), irrespective of whether or not score 4 was
included.

A minority (11/66) of the GDPs were found to produce half the poor quality root

fillings, Seventy-three of the poorly performing practitioners reported using
NTRI.
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3.2 Studies llland IV

Medical doctors claim that their discipline is founded on scientific
knowledge. Yet, although the ideas of evidence based medicine are widely
accepted, clinical decisions and methods of patient care are based on much
more than just the results of controlled experiments. Clinical knowledge
consists of interpretive action and interaction—factors that involve
communication, opinions, and experiences. The traditional quantitative
research methods represent a confined access to clinical knowing, since they
incorporate only questions and phenomena that can be controlled,
measured, and counted. The tacit knowing of an experienced practitioner
should also be investigated, shared, and contested. Qualitative research
methods are strategies for the systematic collection, organisation, and
interpretation of textual material obtained from talk or observation, which
allow the exploration of social events as experienced by individuals in their
natural context. Qualitative inquiry could contribute to a broader
understanding of medical science.

Kirsti Malterud (The Lancet 2001)

An introduction to the qualitative research methods used

Focus-group interviews in general

In Studies III and 1V, focus-group interviews were used as the data-collection
method. The method has its roots in the 1920s, but the methodological interest
first surfaced in the mid-1980s (Krueger 1994, Morgan 1996). A focus-group
session is an in-depth discussion in which a small number of people discuss a
narrowly focused topic. Focus groups are often used to explore topics that are
not well known and the technique produces descriptive data that provide an
insight into the attitudes, perceptions and opinions of the attendees (Merton,
Fiske, Kendall 1990, Krueger 1994, Bender & Ewbank 1994, Malterud 1998,
Kitzinger 1994). Furthermore, it has been suggested that the method is useful in
providing insight into the sources of complex behaviours and motivations
(Morgan & Krueger 1993). In order to elicit the most detailed and vivid
responses from the interviewees, the emphasis should be the interaction
between the participants (Merton, Fiske, Kendall 1990, Morgan & Krueger 1993,
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Bender & Ewbank 1994, Kitzinger 1994). It is the dynamics in group processes
that are thought to help people explore and clarify their views (Krueger 1994).
Moreover, the interaction contributes to a high level of validity, because what
the interviewees say can be contradicted, reinforced or confirmed within the
group (Kitzinger 1994, Krueger 1994, Morgan 1996).

Focus-group interviews are semi-structured. In order to stay focused during the
interviews, a set of predetermined open-ended questions focusing on the
subject (a question route) is developed. Normally, focus groups consist of six to
12 people. The participants are selected due to their relationship to the topic
that is intended for discussion (Krueger 1994, Morgan 1996). Smaller groups
(three to five interviewees) are suitable for topics that generate high levels of
involvement, such as when participants have specialised knowledge and/or
experience to discuss. Larger groups work well on neutral topics generating
lower levels of involvement (Krueger 1994, Morgan 1996). To detect patterns
and trends across groups, multiple focus-group interviews are needed (Krueger
1994, Morgan 1996). It is recommended that focus groups should be continued
until the data becomes “theoretically saturated”, meaning no new information is
elicited. Most often, this kind of saturation is reached after three to four
interviews and projects generally consist of three to six focus groups (Krueger
1994, Morgan 1996).

Qualitative content analysis in general

Content analysis is a method for analysing text material in various steps.
Initially, the method was used in research on mass media and war propaganda.
The method is a systematic, replicable technique for compressing many words
of text into fewer content categories based on rules of coding. The purpose is to
provide knowledge and new insight, as well as being a practical guide to action
(Krippendoff 2004).

Currently, two principal approaches are used, quantitative content analysis,
often used in media research, and qualitative content analysis, used, for
example, in nursing. In nursing research, a variety of data can be used; printed
interview and video recordings, journals and observation protocols.

Qualitative content analysis has been described as a suitable method when the
focal point is identifying consensus and diversity among the participants
(Graneheim & Lundman 2008). If a study is performed on the basis of previous
knowledge and the purpose is theory testing, a deductive content analysis is
used. However, if there is limited former knowledge of a phenomenon, an
inductive approach is chosen (Elo & Kyngads 2008). An approach based on
inductive data moves from the specific to the general, so that patterns and
regularities are detected by specific observations and then combined into larger
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whole or general statements. Qualitative content analysis may focus on either
the manifest or the latent content. Both manifest and latent content deal with
interpretation, but there is a difference in the depth of the interpretation. The
manifest content refers to what the text “says”, the visible or obvious
components, also expressed as “staying close to the text”. In contrast, the latent
content deals with what the text actually means, aspects involving the
interpretation of the underlying content, what is said between the lines
(Graneheim & Lundman 2004). In Studies III and 1V, the approach described by
Graneheim & Lundman (2004) was applied and is described below.

Studies III and IV

Background

The difference between what it is possible to perform and what is actually
performed in general dentistry appears to be an international problem and
factors that shape the quality of RCT are not well known. Study II showed that
education in NTRI helps to improve the technical root-filling quality. Other
theories about the causes of poor clinical performance have been presented by
Bjgrndal et al. (2007), who suggested insufficient knowledge in prognostic
factors, and McColl et al. (1999), who found a number of key themes but
highlighted two of them: time-cost pressure and reluctance towards education.

The reasons for substandard clinical performance are not very well explored
and we therefore chose to use an inductive qualitative research approach using
focus-group discussions interpreted using qualitative content analysis.

Factors that shape the quality of RCT are not well known.
Scientific issue 3:

To explore elements of reasoning and understanding that might
obstruct the performance of good quality RCT
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Participants in Studies 11l and IV

The general dental practitioners used in Studies III and IV had previously been
involved in the implementation of NTRI in Gothenburg (Molander et al. 2007,
Reit et al. 2007), as well as in Study I. In order to include different socio-
economic areas, located both centrally and peripherally, seven public dental
health clinics were selected (with a minimum of four active dentists, the head of
the clinic excluded). Each clinic formed one group. Initially, a set of seven
interviews, each consisting of four to six dentists, was planned.

All the heads of the public dental health clinics in the Gothenburg area were
informed about the study by the management of the organisation. The
organisation also guaranteed remuneration to the clinics based on the number
of dentists participating and the duration of the interview. The heads of the
chosen clinics were contacted by phone and they all agreed to participate. They
subsequently received written information in order to inform the staff about the
project. They then provided the research group with a list of the dentists
available at the set time (heads of the clinics were excluded). The dentists on the
lists were contacted by e-mail one month before the scheduled interview (one
clinic was excluded due to too few dentists being available). They were
informed about the study and asked if they wanted to participate. They were
also informed that the session would be video recorded and that they could end
their participation whenever they wanted. In all, 33 GDPs were contacted. Three
dentists declined to participate: one for unknown reasons and two who had
recently graduated and thought that they were too inexperienced. One GDP had
accepted but failed to appear due to illness. In all, 33 dentists were interviewed
(four GDPs in a pilot test were included).

Data collection Studies 1l and IV - the focus-group interviews

The question route used in Studies Il and IV was constructed by the four
authors in collaboration (Appendix 1). To increase validity and reliability, an
external assessor, an endodontist experienced in qualitative research, reviewed
the questions.

In everyday clinical practice, dentists base the assessment of the technical
quality of a root filling almost exclusively on its appearance in the radiographic
image. With the aim of mimicking a situation of this kind, the first part of the
focus-group discussion was based on radiographs shown on a video screen.
(This part of the discussion was only used for analysis in Study IV.) In order to
select appropriate material for the focus groups, 17 radiographs (37 roots) of
mixed root-filling quality from Studies I and II were selected and sent to the
participants one week before each interview. On a premade form, they were
asked to evaluate the 37 roots according to the technical quality of the root
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filling (good or poor) and suggest further monitoring of the case if the quality
was assessed as poor (accept or not accept). To stimulate the discussion in the
focus groups, the three cases with the most divergent opinions according to the
questionnaire were selected. No contextual information about the cases was
added. The practitioners were encouraged (with an option to point at the
screen) to describe the root filing as precisely as possible. The dentists were
also urged to discuss the root filling and come to a decision on how to monitor
the case. Moreover, they were asked accurately to account for their choice for
handling the case. To make the data richer, questions like “Could you describe?”,
“Would you explain further?”, “What do you mean?”, “Is there anything else?”
were added during the interviews.

As recommended by Krueger (1998b) and Malterud (1998), all the sessions
were conducted as teamwork between the moderator and an assistant
moderator. The moderator (LD) conducted the interviews and the assistant
moderator (OL) was responsible for video recording and assisted at a short
post-meeting analysis of the session. All the interviews were performed at the
clinics. The data collection started in June 2012 and ended in May 2013.

Data analysis Studies 11l and IV - qualitative content analysis

The data consisted of the transcribed text from the seven focus-group
interviews. After verbatim transcription of the interviews, by LD (four) and an
assistant, the material was analysed using qualitative content analysis
(Graneheim & Lundman 2004). To reduce the large text material, the text was
sectioned into smaller units; meaning units, meaning sentences or paragraphs
containing aspects related to each other, or coherent, distinct meanings in the
document. The meaning units preserved the integrity of the idea that was
expressed. After this, the meaning units were shortened. This step is described
as condensation, referring to a process of shortening but still preserving the core
meaning. The condensed text was then abstracted to a “higher logical level”. The
abstraction in Studies III and IV is represented by the creation of codes and
categories. Creating codes is also referred to as labelling the condensed meaning
units. Codes with similar content were then arranged into categories. A category
answers the question “what” (Krippendorff 2004) and refers, according to
Graneheim & Lundman (2004), to a descriptive level of the content or provides
a means of describing the phenomenon. In this way, Studies III and IV describe
the manifest content of the data used in the study.
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Results Study 111

The practitioners reported a variety of negative emotions associated with RCT.
Almost all the GDPs expressed feelings like frustration, discomfort, anxiety and
stress. Sometimes even exhaustion after the treatment was mentioned. When
the dentists compared RCT with other dental procedures, RCT was considered
to be the most difficult and stressful to handle. Contributory factors to these
emotions could be technical difficulty and the fact that RCT was perceived as
complex and “illogical” and was described by some as a “mystery”. The dentists
also expressed an overall feeling of “lack of control”. This perceived “lack of
control” appeared to be associated with all the procedural steps during RCT
(including no visual access to the working field), as well as prognostic
considerations (apical health despite poor quality root fillings and AP in
association with good quality). The uncertainty that arose was also expressed as
“working in the dark”. The analysis revealed six categories of issues that the
practitioners regarded as problematic (Figure 1 and Table 1).

Furthermore, the idea of a “good enough” treatment result was put forward and
advocated by several dentists.

Figure 1. The categories

.

Organisation Patient

Competence
of the dentist
Equipment
Materials

.

Clinical
procedure
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Table 1. Description of the categories found in Study III

The categories Short description of the findings
contributing to the experienced complexity
of RCT and the negative emotions

Clinical procedure * No visual control
*  All steps in RCT are difficult
* Unpredictable root-filling quality at

completion
* lllogical outcome
Equipment/materials * Awkward instruments

* Complicated equipment
* Difficult to adjust root-filling material

Competence of the dentist *  Questioning their own ability to
perform RCT

*  Striving to do their best but sometimes
had to compromise on the root-filling
quality (“good enough”)

* Afeeling of not being updated

Tooth * Posterior teeth difficult to reach
* Anatomical complications difficult to
handle
Patient *  Complicated personality or behaviour
Organisation * Restricted freedom

*  Minimum income per hour/often
unable to complete a case within the
remuneration limits

* Limited influence over purchase of
equipment/materials

* Limited resources for continuing
education in endodontics
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The results of Study III indicate that dentists might assess root-filling quality
in the light of a “good enough” treatment concept. The nature and possible
content of a concept of this kind have not been subjected to scientific
investigation.

Scientific issue 4:
To explore the notion of “good enough” by analysing reasons and

arguments for the acceptance or rejection of substandard root fillings as
reported by the GDPs

Results Study 1V

The dentists all agreed about the radiographic image of an ideal root filling and
their perception was in agreement with what is taught at universities and found
in textbooks. However, the slightest deviation from an optimal result evoked
diverging opinions. It was obvious that the information on the radiograph was
not enough for the dentists to decide whether or not an inadequate root filling
should be accepted. In such cases, the technical result was always valued in
relation to clinical experience that was not detectable on the image or to the
circumstances in which the treatment was performed.

The analysis revealed that these contextual considerations were related to three
categories: aspect of pulpal and periapical disease, evaluation of risks and
consumed resources.

Pulpal and periapical disease

o Almost all the practitioners balanced the technical result against
the pre-operative diagnosis. Higher technical quality was said to be
more important in teeth with AP than in vital cases. However,
there were diverging opinions on the microbiological difference
between the two diagnoses. For example, some thought both
represented infections but differed in virulence or the extent of the
invasion. Furthermore, if a treatment resulted in a poor quality
filling, the GDPs were more prone to re-do cases with large apical
lesions than if the lesions were small.

Evaluation of risks

o Sometimes, the dentists would accept a poor quality root filling if
they thought that the risks of re-doing it outweighed the potential
benefits. These considerations were often influenced by previous
negative personal experiences, such as microbial contamination or
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over-instrumentation. Poor quality could be accepted in teeth of
“low value” (losing the tooth would not risk jeopardising the
masticatory function), while teeth planned for prosthodontics
demanded higher quality to reduce the risk of future RCT through
the crown.

Consumed resources

o If allocated resources (personal or financial) were consumed, poor
quality cases were said to be more easily accepted. For example,
skills might be exhausted in difficult cases, efforts might be
exhausted by intractable patients and finances might be strained
when treatments had to be extended in time.

There was no grading of importance between the identified categories. It was
obvious that “good enough” did not exist as a well-thought-out conceptual
matrix to be applied to individual cases. Instead, features of the specific
situation always had a decisive impact on the decision of whether or not to
accept a root filling of poor technical quality.
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3.3 Main findings

Study I

o The increased rate of good quality root fillings after the implementation of
NTRI was maintained at the long-term follow-up.

o The rate of poor quality root fillings had not decreased. Every sixth root
filling had a poor seal.

Study II

o Education in NTRI increased the adoption rate, although the hands-on part
was performed by a trained GDP.

o Education in NTRI increased the frequency of good quality root fillings,
although the hands-on part was performed by a trained GDP.

o Education in NTRI and the concomitant activation of professional networks
did not reduce the frequency of poor quality root fillings.

Study II1

o RCT was associated with high emotional stress levels.

o RCT was regarded as complex and difficult, often performed with
uncertainty.

o Six categories of issues were found as the origin of the problems: the clinical
procedure, the equipment/materials, the competence of the dentist, the
tooth, the patient and the organisation.

o The GDPs hinted that optimal quality should not be expected in general
dentistry and proposed the concept of “good enough” treatment.

Study IV

o Theradiographs did not provide a sufficient basis for the decision on
whether or not to accept a poor quality root-filling, “ad-hoc” considerations
were always taken into account.

o The considerations were related to earlier clinical experiences, or putin a
contextual perspective. Three contextual categories were identified: pulpal
and periapical disease, evaluation of risks and consumed resources.

o A well-thought-out “good enough” treatment concept did not exist. It was

always the specific situations that had a decisive impact on the decision.
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3.4 Ethical considerations

Ethical approval for Study I was given by the board of the Gothenburg Public
Dental Health Service and for Study II by the board of the Sédra Alvsborg Public
Dental Health Service. Although participation in the education programme and
the study was mandatory, it is unlikely that harm was inflicted due to the study
situation. Radiographs and questionnaires were coded at the clinics before they
were sent to the study group. However, although anonymity was sought, data
obtained from single participants might unintentionally have been possible to
identify.

Ethical approval for Studies III and IV was given by the board of the Regional
Ethical Review Board in Gothenburg (No 238-13). Prior to the focus-group
interviews, all the participants had been contacted by e-mail with information
about the study and the fact that participation was optional. Before the
interview, they also had to sign an informed consent form, including information
about the project, the opportunity to terminate participation at any time and to
respect the confidentiality of the discussions taking place during the interviews.
In order to enable the dentists to feel free to talk, the heads of the clinics were
not allowed to participate in the interviews. Codes were used in the
transcription instead of the participants’ names. Quotations were further coded
in order to ensure confidentiality according to clinics and individuals.
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4 METHODOLOGICAL CONSIDERATIONS

41 Studies | and II: Quantitative methods

Assessment of radiographs

The assessment of radiographs always involves the risk of misinterpretation.
Inter-observer variations have been reported and individual observers may
change their assessments over time. For example, Reit & Hollender (1983)
observed difficulties in defining and maintaining criteria in radiographic
evaluations of the conditions of the periapical tissues as well as the quality of
the seal of the root canal. Eckerbom & Magnusson (1997) reported statistical
differences between the authors for the recordings of an adequate or
inadequate seal.

The assessment of the root-filling quality in Studies I and Il was made on only
one intra-oral orthoradial projection. Due to the limited reproducibility of the
lateral seal (Kersten et al. 1987, Eckerbom & Magnusson 1997), the rate of good
quality root fillings may have been overestimated and, consequently, the rate of
poor quality root fillings underestimated. However, the estimation of the length
may have been more reproducible, as one radiographic projection has been
shown to be reliable when estimating the length of the root filling (Eckerbom &
Magnusson 1997). Moreover, in roots with two or more canals overlapping each
other, good root-filling quality may have been overestimated. In order to
minimise errors at the assessments, all cases were blinded to the observers in
terms of pre- or post-education samples and the radiographs were presented in
random order. Further, two observers (LD and AM) made the assessments and
strict criteria were set before the start of the examination (Goldman et al. 1972,
Eckerbom et al. 1986). To test the intra-observer agreement, 50 roots were re-
examined after one month. The kappa value reached 0.85, which is regarded as
very good (Landis & Koch 1977).

The scores

The quality score constructed by Molander et al. (2007) was used for
radiographic evaluation. The length was evaluated as correct if it terminated
within 2.5 mm from the radiographic root apex. Cases with a surplus of sealer
material were judged as correct if the apical preparation ended within 2.5 mm
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of the apex. The quality of the seal was assessed in the apical two-thirds of the

canal.
Score 1 Score 5
Score 2 Score 3 Score 4
Good Very poor
Length X X - X -
Seal X X X - -
Taper < Not Not Not
p At least evaluated evaluated evaluated
Transport i one Not Not Not
p defective evaluated evaluated evaluated

The scale that was used has obvious limitations. The different scores represent
ordinal data represented by qualitative variables (from score 1, good quality, to
score 5, very poor). For example, score 2 (correct length, good seal, taper lacking
and/or transportation) should represent a better score than score 4 (correct
length, poor seal). However, if there is an extreme transportation (score 2),
there are parts of the canal that will not be instrumented and cleaned and this
would therefore not represent higher quality than score 4. In the results, score 2
was represented by a small quantity (0.4-5.7%) and was not further analysed.
Score 3 includes root fillings that are both too short and too long. Most studies
report at tooth level, but, in a study using the root as a unit, short root fillings
(>2 from the radiographic apex) have been reported with a higher rate of AP
(25%) than if they end within 2 mm from the apex (17%), while the highest rate
of AP was found in overextended root fillings (37%) (Bergenholtz et al. 1973).
Due to tooth anatomy, it is not always possible to reach an ideal length and a
short (but adequately sealed) root filling may therefore be the best possible
result. However, a root filling ending beyond the radiographic apex in a fully
developed tooth is due in most cases to over-instrumentation. In the score
system, short and long fillings were not separated.

In Studies I and II, the emphasis is placed on the endpoints of the scale and a so-
called quality ratio was calculated (score 1/score 5) (Molander et al. 2007).
However, the quality ratio did not account for a potential movement from score
5 to score 4, which would have barely any effect on quality as related to
treatment outcome. So, in Study II, the quality ratio was modified, (score
1/score 4+5). Calculations between the two quality ratios showed that the
educational benefit was similar, regardless of whether or not score 4 was
included.
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Different studies of root-filling quality are difficult to compare, as there are no
standardised evaluation criteria and the radiographic technique may vary.

Control

Since the individual coach was free to organise the hands-on training in Study II,
the design may have varied between the clinics. These variations were not taken
into account. This mirrors the effect of a non-controlled delegated educational
intervention within an organisation. In order to study the full effect of the
intervention at organisational level, the coaches were included in the study.

4.2 Studies lll and IV: Qualitative methods

The strengths of the qualitative research methodology used

Interaction within a focus group will stimulate new thoughts and the
participants have the opportunity to question each other and to explain
themselves to each other. This interaction offers valuable data on the extent of
consensus and diversity among the participants (Morgan & Krueger 1993,
Kitzinger 1994, Graneheim & Lundman 2008).

Since the conditions that influence root-filling quality are a somewhat
unexplored field, the focus groups enabled a broad, open-ended approach to the
problem. In the discussions, the interviewees appeared to be engaged in the
discussions and comfortable sharing their opinions and experiences. Rich
material was therefore obtained. There were no major differences regarding the
perspective on RCT between the clinics and so the data were saturated after the
first few interviews.

The weaknesses of the qualitative research methodology used

One challenge when planning a focus group is the development of adequate
questions. The questions must focus on obtaining information that directly
relates to the study objectives and the questions need to be conversational and
easy for the participants to understand (Krueger 1998a). Emphasis was
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therefore placed on the planning of the “question route” and all four authors,
representing a wide variety of research traditions and areas, were involved in
the planning. Further, an external assessor, an endodontist experienced in
qualitative research methodology, reviewed the questions and the questions
were finally tested in a pilot interview.

The moderator has a crucial impact on the result of a focus-group discussion.
The moderator should understand the subject and must make the interviewees
feel comfortable enough to share what they think and feel. The moderator must
also be able to control dominant speakers and encourage hesitant participants
to speak. The moderator used in Studies III and IV (LD) attempted to fulfil all the
requirements for being a suitable moderator and the performance was
evaluated and approved in the analysis of the pilot before the focus groups took
place at the clinics. Further, a co-moderator, well experienced in qualitative
research (OL), was present at the interviews, conducted the video recordings
and was also available for a short post-meeting analysis of the sessions.

Qualitative research methods often produce large amounts of text, as in Studies
III and 1V, and, although the data were re-evaluated several times and the
analysis was performed “with an open mind”, particular issues might have gone
unnoticed. There is also a risk that personal experience and knowledge will
influence the interpretations and conclusions. However, the four authors with
their variety of experience were involved in the interpretation. The risk of
missing information and obtaining biased results was therefore reduced.
Moreover, there is an inherent limitation when evidence is based on self-
reported experience. Experience is not observable per se and the data are
dependent on the participants’ ability to recollect their experiences and the
effectiveness with which they communicate through language. Information and
nuances may be lost when oral expressions are transcribed into written text.
Further, the translation of sentences and expressions from one language (in this
case Swedish) to another (English) entails obvious risks of changing the
linguistic meaning  (Polkinghorne 2005). The authenticity of reported
statements, opinions and experiences may not be confirmed. However, as claims
were either questioned and further discussed, or confirmed within the focus
groups, there is good reason to believe that the opinions expressed during the
focus groups mirror the participants’ true experiences (Kitzinger 1994).

As in most studies based on interviews, the number of participants was limited.
However, as the data were saturated, more participants would probably not
have influenced the result. Further, only public dentists within a large city were
represented. It is not possible to ascertain whether a mix of public and private
dentists or urban and rural practitioners would have modified the results.
However, it must be remembered that the aim in qualitative research is not to
generalise but to understand a particular phenomenon. It is up to the reader to
decide whether or not the results can be transferred to another context
(Graneheim & Lundman 2004).
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Trustworthiness

Although some investigators prefer to use the concepts of validity, reliability
and generalisability (primarily associated with quantitative research methods)
when evaluating qualitative research, most authors of qualitative studies use the
concepts of credibility, dependability and transferability to describe the various
aspects of trustworthiness (Graneheim & Lundman 2004).

* Credibility: confidence in the “truth” of the findings

Prior to the focus groups at the clinics, the full implementation procedure was
tested in a pilot project among former fellow GDPs. Only minor changes were
made (the pilot was included in the study). The participants represented
different ages and experience and they worked in different socio-economic
areas. Our choice of methods must be regarded as suitable for the task. All the
identified categories were conceptually and empirically grounded and the
content of the categories was well defined. Further, the findings were validated
by experts in quantitative research methodology (HR & OL) and representative
quotations were selected from the transcribed text.

* Dependability: whether the findings are consistent and could be repeated
There was an open dialogue within the research group. Using joint reflections
and discussions, the codes and categories became more stringent during the
analysis process.

* Transferability: whether the findings have applicability in other contexts
The context, selection and characteristics of participants, as well as data
collection and the analysis process, are described. The findings are well
presented and illustrated by appropriate quotations. There should be potential
for the results to be representative for other dentists in similar contexts.

28



Lisbeth Dahlstrom

5 GENERAL DISCUSSION

“A doctor’s on-going learning is a journey across a practice lifetime, which
involves the doctor as a person, interacting with their patients, other health
professionals and the larger societal and community issues” (Handfield-Jones et
al. 2002). Unless performance is influenced by “something”, there is a risk that
clinical performance will decline over time. Technology and knowledge are
constantly advancing and practitioners that are not able or willing to change will
unavoidably be left behind.

The premise for this thesis was the discrepancy in the rate of apical
periodontitis registered in root-filled teeth in controlled clinical studies and
cross-sectional epidemiological studies. The rationale for the thesis was to
explore options to reduce this discrepancy. What really determines root-filling
quality in general practice is a fairly unknown field. However, the reasons for
poor performance must be assumed to be multifaceted, as dental practice
comprises not only individual dentists with their own personalities and
qualifications but also the context in which the treatment is performed. Two
different approaches were therefore used; one aiming to increase root-filling
quality by implementing a new technique and one aiming to better understand
the reasons for poor quality root canal treatment.

5.1 Root-filling quality and apical periodontitis

Studies I and II indicate that education in NTRI will improve the rate of good
quality root fillings and that an improvement of this kind might persist over
time. In accordance with other studies, approximately 50% of the root fillings
showed good quality after the implementation (Molander et al. 2007, Géransson
etal 2014, Koch et al 2015).

Studies that analyse quality in greater detail reveal that AP is less frequently
found in good quality root fillings than in connection with poor root fillings. For
example, using data from a Swedish population, Petersson et al. (1986) reported
that, in teeth with completely obturated canals (no lateral or apical canal lumen
visible), only 7% were associated with a periapical lesion, while, if the canal was
incompletely obturated, an apical lesion was present in 45%. From another set
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of Swedish material, Frisk et al. (2008) reported that the risk of having AP in
teeth with a root filling of the correct length (0.5-2mm from the radiographic
apex) was almost three times higher in inadequately sealed teeth compared
with teeth with adequate root fillings (30% to 10%). The highest risk of AP in
root-filled teeth is seen when incompletely sealed root fillings are combined
with overfill. In these cases, bone lesions have been reported to be present in
55-74% (Bergenholtz et al. 1973, Petersson et al. 1986, Frisk et al. 2008).

Despite the fact that studies report improving root-filling quality over time, no
corresponding statistically significant improvement in periapical status has
been seen (Petersson 1993, Kirkevang et al. 2001b, Eckerbom et al. 2007, Frisk
etal 2008, Koch et al. 2015). However, more retained molars may be part of this
contradictory finding. For example, Frisk et al. (2008) reported a greater loss of
molars in 1973 compared with 2003 and root-filled teeth with AP might have
been extracted in the earlier material. Kirkevang et al. (2001a) found that
molars were more frequently associated with AP than other tooth groups; more
molars were endodontically treated (molars 8%, other 2.5-5.5%) and more of
the root-filled molars had AP (molars 65%, other 38.5-44%).

Although the risk of AP is reduced in good quality root fillings, some studies
indicate that AP is still found in more than one third of these teeth (Saunders et
al. 1997, Kirkevang et al. 2000, Segura-Egea et al. 2004). This indicates that
there are factors other than just the technical result as seen on the radiograph
that influence the outcome. Although many potential factors have been
suggested in the literature, the really crucial factor for the outcome is whether
or not microorganisms are present in the root canal system (Kakehashi et al.
1965).

Several clinical studies have shown that the pre-treatment diagnosis is of
importance for the prognosis. The healing rate is found to be lower in teeth with
a pre-operative diagnosis of AP than in teeth without (Strindberg 1956, Kerekes
& Tronstad 1979, Sjogren et al. 1990, Ng et al. 2011).

The radiographs do not say anything about possible microbial contamination
during the treatment. Although a rubber dam is regarded as the standard of care
in modern endodontics (European Society of Endodontology 2006), it has been
reported that it is irregularly used in general dentistry. For example, in
Denmark and Belgium, 3-6% and, in England/Scotland, 19-25% of the dentists
reported using a rubber dam as a standard procedure (Saunders et al. 1999,
Jenkins et al. 2001, Slaus & Bottenberg 2002, Bjgrndal & Reit 2005). However,
the number of users appears to be higher in Sweden. Koch et al. (2009) reported
that 90% use it on a regular basis, although some report occasional exceptions.
Further, despite the fact that irrigant solutions are recommended to have
disinfectant and organic debris-dissolving properties (European Society of
Endodontology 2006), many dentists prefer solutions without these properties,
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which may contribute to an increased risk of persistent infection (Saunders et
al. 1999, Whitworth et al. 2000, Jenkins et al. 2001).

Also the coronal seal has been found to influence the treatment outcome. From
Danish material, Kirkevang et al. (2000) reported that satisfactory coronal
restorations were associated with better periapical status (48%) than
unsatisfactory restorations (64%). When all the factors (seal, length and coronal
restoration) were combined in the assessment, the prevalence of AP was lower
if all the factors were scored as adequate (31%) compared with when all the
factors were scored as inadequate (78%).

5.2 Adoption pattern and poor performance

In Study II, several dentists were found to produce a single poor quality root
filling either before or after the training. The study also showed that a minority
of the practitioners (17%) produced half the number of the assessed poor root
fillings during the study period. Among the poorly performing practitioners,
there was a higher degree of non-adopters of the NTRI technique compared
with the rest of the study group. In Rogers’ (1983) terms of adoption pattern,
these can be classified as “laggards” or “traditionals”, meaning that they are the
last to adopt an innovation. These individuals typically have an aversion to
change and have also been shown to have few social contacts. In a classical
study of the diffusion of medical innovations, Coleman et al. (1966) described
the importance of social contacts in networks. They found that the adoption
pattern was markedly influenced by the personality of the doctor; socially
integrated doctors were far more inclined to adopt new innovations than
socially isolated doctors. Further, studies indicate that poorly performing
doctors are often isolated and not aware of their gaps in knowledge and skills
(Bahrami & Evans 2001, Ashworth et al 2011, Holden et al. 2012). Similar
results have been found by Kruger & Dunning (1999), who stated that "unskilled
individuals suffer a dual burden: not only do they perform poorly, but they also
fail to realise it”. So, there appears to be an association between adoption
pattern and performance. This is in line with the findings of Géransson et al
(2014) who reported an increase in good quality root fillings from 12% to 46%
among adopters of NTRI compared with 12% to 16% among non-adopters after
education in rotary instrumentation.

The activation of local/professional networks was tested in Study II in that a
trained GDP from each clinic conducted the NTRI hands-on training with
colleagues at his/her clinic. Although discussions were mandatory during the
training, this was not enough to establish professional networks for a collegial
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exchange of experience and feedback with a view to reducing the rate of poor
root fillings.

5.3 Factors that might obstruct professional
development

During the focus-group discussions, the GDPs described their view of
performing RCT. Root canal therapy was regarded by most of them as more
complex and difficult than other dental manipulations. Several practitioners said
that they regarded RCT as illogical, some to the extent that they perceived the
treatment as a “mystery”. There were several situations during the treatments
that were described as inducing moods such as frustration and anxiety.
Furthermore, many dentists sensed a feeling of “loss of control” in association
with RCT and high levels of stress and time pressure were frequently described.
In accordance with McColl et al. (1999), the time pressure mostly arose from the
fact that the allocated time according to the remuneration was insufficient. No
matter how a dentist handled the time pressure, it was always related to some
kind of stress. Regardless of whether the dentist chose to please the
organisation by not using more time than the fee allowed or if the treatment
was allowed to exceed the allocated time in order to produce good quality, the
dentist would consequently be disloyal to the other party.

Theories of professional development in relation to statements during the
focus groups

To become a competent practitioner, Ryle (1949) and Schon (1983) state that
time for reflection is essential in order to detect a lack of knowledge, skills or
understanding. Only through reflection will a practitioner identify inadequacies
so that he or she can identify learning needs for improvement. However,
considering the many stressful situations and time pressure described at the
focus groups, there appear to be limited opportunities to find the peace and
quiet needed to reflect on endodontic performance.

Further, without time for refection, clinical procedures will be repeated in the
same way as the time before and these practices will therefore become
“routinised” (Eraut 1994). Eraut says that the development of routines is a
natural procedure in life and a necessary process to be able to cope with
everyday work. Routines increase efficiency, but, without time for reflection,
there is a risk that practice might fail to adjust to new advances and thus
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obstruct professional development. Among the interviewees, there were those
who described difficulties with new clinical procedures and believed that it was
easier to stick to routines unless the authorities told them precisely how to
make a change.

However, for most people, reflection on their own practice and self-assessment
is not enough to obtain an insight into performance and learning needs. As a
complement, an external assessor such as a colleague or a peer may provide
useful feedback as a help to obtaining insight. Without continuous feedback on
performance, there is a risk that clinical practices will be impaired over time
(Hays et al. 2002, Sargeant et al. 2009, Prescott-Clements et al. 2011). However,
in dental practice, a natural platform for performance assessment feedback does
not appear to exist. Although many dentists work in group practices with
professional colleagues, clinical practice is performed in single rooms, shut off
from outside assessments. It is therefore possible that fallacies may be
perpetuated without either the individual practitioner or his/her colleagues
being aware of it. One interesting finding at the focus groups that might be
explained by the lack of verbal criticism of technical results was the use of
vocabulary. When good quality root fillings were described, the GDPs used
technical terms with ease, but, when it came to shortcomings, they apparently
had difficulty finding words to describe exactly what they saw and instead
preferred to use metaphors. The use of metaphors has been described by Lakoff
& Johnson (1980) as understanding and experiencing something we know little
about in terms of something else that we know more about. Using one idea and
linking it to another helps us better to make sense of new things. Metaphors are
also thought to enrich our everyday language and help us to shape our
communication.

Although feedback is important for developing insight into professional
performance, Hays et al. (2002) also describe essential factors such as watching
others practise, engaging in case reviews, motivation and the visibility of
professional norms. They also say that acquiring new knowledge and skills
requires the capacity to change. The capacity to change is described as a crucial
attribute throughout an entire career and implies that an individual has the
correct insight into his/her personal strengths and weaknesses, but also that the
motivation to improve is present. In this context, Hays et al. (2002) define
insight as a combination of three related constructs: awareness of one’s own
performance (over time), awareness of the performance of others and the
capacity to reflect on both these measures and make a judgement. It could be
assumed that the lack of inter-professional exchange was the reason for the
uncertainty expressed about the performance in RCT that should be expected in
general dentistry. As has also been reported by McColl et al. (1999), there was a
lack of insight into the practitioner’s own practice in that many dentists
questioned their requirements for performing RCT correctly. In contrast,
Bjgrndal et al (2007) reported that only 5% of Danish GDPs regarded their
performance as unsatisfactory, although Kirkevang et al. (2000) found that root
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fillings in Denmark showed high rates of inadequate quality. However, it must
be remembered that the study by Bjgrndal et al. originates from questionnaires,
while the results from Study III and McColl et al. represent the results of in-
depth interviews.

Lack of knowledge of microbiology

Several dentists felt that the diagnosis of the pulpal and periapical tissue played
a decisive part in the decision on whether or not to accept a poor root filling.
However, further discussions revealed that there were divergent ideas on the
definitions of pulpitis and apical periodontitis, as well as on the origin of
endodontic infections. As a result, the GDPs’ conflicting perceptions unmasked a
lack of understanding of endodontic microbiology. Similar findings have also
been reported by Bjgrndal et al. (2007) who reported that 41% of the dentists
assessed their knowledge of endodontic microbiology as not being up to
standard.

Further, it could be hypothesised that parts of the feeling of “lack of control” can
derive from the lack of understanding of microbiology. The comments that
healthy apical conditions could be found despite poor quality root fillings and
unhealthy periapical conditions could be found in spite of good quality root
fillings might be part of the illogicality and mystery that was associated with
RCT. The fact that there are many possible explanations for remaining micro-
organisms, in spite of a “good-looking” root filling or the fact that a poor root
filling may have peen performed under aseptic conditions in a tooth free from
micro-organisms was not reflected on by the practitioners.

General practitioners’ reasons for accepting poor root fillings

In the decision on whether or not to accept a root filling that had just been
performed, substandard root fillings tended to be more easily accepted if there
were only minor radiographic signs of apical disease or if the patient displayed
no clinical symptoms. This is in agreement with Bjgrndal et al. (2007), who also
reported that GDPs did not follow the gold standard (periapical status and
infected root canal) but over-valued pre-operative factors as having an
important influence on outcome. To some extent, the data may reflect a “praxis
concept” generated by Kvist et al. (1994). The “praxis concept” hypothesises
that the practitioners imagine periapical health and disease as stages on a
continuous scale instead of an either/or situation. The cut-off point for the
decision to treat or not is thought to be value dependent and, for this reason,
huge inter-individual differences have been described. In a similar way, the
findings reported from the focus groups demonstrated inter-individual
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differences in the decision on whether or not to re-do a root filling that was just
performed.

The radiographic images shown at the focus groups were not enough for the
practitioners to decide whether or not they should have accepted the root
fillings. Instead, they presented a variety of “ad-hoc considerations” (Garfinkel
1967) in order to account for the decision they made. These considerations
were related to the assessment of pulpal and periapical health, evaluation of
risks and further to consumed personal or economic resources. The considered
risks were never related to probability values or to academic literature but
instead to their own practice, with the emphasis on recent negative experiences.
These grounds for decision-making have been observed by Tversky &
Kahnemann (1974), who proposed that people rely on a limited number of
heuristic principles (rules of thumb) in decisions made with uncertainty. For
example, subjective probability may be the result of the ease with which earlier
events can be remembered (availability principle). Moreover, the discussions
revealed that it was impossible to specify in advance the considerations that
would be relevant in a particular case. There was no general criterion for a root
filling to be considered “good enough”. Contextual properties that were decisive
always emerged from case to case. For example, a poor root filling could be
accepted if the patient was free from symptoms. However, if there was a large
lesion, the dentist put more effort into improving quality, at least as long as the
work could be performed within the time limit according to the remuneration.
On the other hand, if a dentist’s personal resources were consumed (skills or
energy exhausted), a poor result would be accepted, regardless of other
circumstances.

5.4 Success in endodontics

Sound, asymptomatic or functional?

From an academic point of view, the criteria specified by Strindberg (1956) are
often used in assessments of success and failure. Strindberg stated that only a
tooth free from symptoms and the absence of periradicular radiolucency can be
regarded as a post-treatment success. A precise definition like this reflects an
“ideal” concept (Juul Jensen 1985), which is exclusively founded on biology and
is neutral to different clinical situations and agents. Strindberg based his
assessments on conventional intra-oral radiographs. Today, there is equipment
such as cone-beam computed tomography (CBCT) that has been shown to reveal
a lower rate of healing compared with intra-oral radiography (Patel et al. 2012).
As a result, the biological definition of success and failure is challenged and this
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also gives rise to ethical dilemmas. Is it acceptable to evaluate the outcome of a
treatment using a traditional method that is known to overvalue the success
rate? Would it be responsible to defy general guidelines and expose all patients
to radiographic methods causing more radiation in order to be more precise in
evaluations (American Association of Endodontists 2015)? Should all previous
studies of success and failure be regarded as out-dated?

However, a treatment goal based on strict biological criteria does not appear to
apply to general practitioners. In spite of radiographic signs of AP, only 11-12%
were revised during a 10- to 20-year follow-up period, meaning that almost
90% of the remaining root-filled teeth diagnosed with AP were left untreated
(Kirkevang et al. 2014, Petersson et al. 2015). Endodontic re-treatment
strategies in general practice were studied by Kvist et al. (2004). They found
two main types of strategy among Swedish GDPs: disease focused or illness
focused. When illness was used as a criterion, the dentist would accept the
technical result as long as the patient did not experience pain. A similar type of
reasoning was found at the focus-group discussions in Study IV. Some
practitioners said that they would have accepted poor technical quality
independently of the pre-operative status, as long as the patients were free from
subjective symptoms.

As part of a possible broadening of the criteria for endodontic success, an
increased interest in tooth survival studies has been seen in the past few years.
For example, for treatments representing general dentistry in Scandinavia, the
survival rate for root-filled teeth at a 10-year follow-up was almost 90%
(Kirkevang et al. 2014), and the survival rate after 20 years was found to be 65-
70% (Eckerbom et al. 2007, Petersson et al. 2015). The studies also show that
many root-filled teeth with AP are left without re-treatment or extraction. It
must therefore be reasonable to assume that these teeth have not caused any
major problems for the patients. Only a few attempts to calculate the risk of
exacerbating chronic AP have been published. However, data from Petersson et
al. (1993) and Eriksen et al. (1995) indicate an incidence rate of less than 5%
annually, and Yu et al. (2012) reported that the incidence of flare-ups was 6%
over a 20-year observation period (although almost 50% of the teeth had
occasionally caused mild pain). Further, no clear link between the presence of
AP in root-filled teeth and general health parameters has as yet been
established, and under what conditions such teeth might be left without
intervention has still to be confirmed (Swedish Council on Health Technology
Assessment 2010, Cotti & Mercuro 2015). Therefore, until there is better
scientific knowledge regarding risks related to AP in root-filled teeth, it must be
argued that RCT should be performed with high quality, aiming either to
prevent or to cure AP.
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6 CONCLUSIONS

A continuing educational program in NTRI, using educated GDPs to perform the
hands-on training at the clinics was

* Sufficient for implementing a new innovation, such as NTRI, and
increasing the rate of good quality root fillings

* Not sufficient to reduce the rate of poor quality root fillings, despite the
activation of professional networks

The implementation of NTRI among general dentists resulted in increased root-
filling quality that persisted over time.

The focus group discussions revealed that

* RCT was regarded as a very complex and difficult procedure, causing
high levels of negative emotions, such as stress and frustration

* Many practitioners were often not able to complete a case within the
allocated economic resources

*  Six categories of issues were found as the origin of the problems: the
clinical procedure, the equipment/materials, the competence of the
dentist, the tooth, the patient and the organisation.

*  RCT was often performed with an overall feeling of “lack of control”

* In the decision on whether or not to accept a poor quality root filling,
the radiographic appearance of the root filling was not enough. The
image was always related to the situation in which the treatment was
performed. These considerations were related to pulpal or periapical
health, risk assessment or consumed personal or economic resources

* There appeared to be lack of a coherent microbiological understanding
related to endodontic microbiology and prognostic evaluation
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7 FUTURE PERSPECTIVES

The focus groups identified a variety of perceived difficulties and stressful
situations related to RCT. Many dentists expressed an overall feeling of “loss of
control”. Although the dentists regarded RCT as complicated and challenging to
perform, they expressed an urge to do their best for their patients. The presence
of this “urge” provides good prospects for further improvements in root-filling
quality in general dental practice.

What can be done?
Education

The continuing educational courses in NTRI resulted in an improvement in root-
filling quality. However, the focus-group interviews revealed a lack of
understanding of factors that are important for the outcome of RCT and a
somewhat irrational approach to whether or not to accept root fillings of poor
quality.

*  Further theoretical and practical education with the emphasis on
understanding in order to be able to reason about problems and find
solutions. For example, how to manage difficult canals, how to adjust
gutta-percha cones, how to use an apex locator and so on.

e  Although knowledge of “how” to do things is important, the emphasis
should also be placed on “why” things should be done. A better
understanding of endodontic infections may help practitioners better to
understand the consequences of their decisions during the whole
treatment and in the decision of whether or not to accept a poor root
filling. (Possible future study)

Insight
The literature stresses the need for feedback as a way of obtaining an insight
into one’s performance. There appears to be a need to open up permanent

networks with a view to initiating discussions and assessments of performance.

Scheduled regular meetings for joint discussions and evaluations of one’s own
and others’ performance could be a simple way to give and receive feedback and

38



Lisbeth Dahlstrom

also a way to obtain an insight into one’s own performance. The content of the
meetings may vary, but discussions of RCT and assessments of recent root
fillings should take place frequently. (Possible future study)

Expectation

Several practitioners expressed the idea that optimal root-filling quality can and
perhaps should not be expected in general dentistry. This idea obviously
constitutes a starting point for a discussion of “good enough” treatment. The
idea is rarely touched upon in academic settings and is obviously difficult to
resolve using only scientific research. Nevertheless, the issue is important, as, in
every treatment situation, decisions have to be made about whether to stop and
accept the obtained result or to continue the interventions. Dentistry should
benefit from an extensive discussion of a “good enough” concept involving both
academicians and general practitioners.

The organisation

For many dentists, economics induced different kinds of stress - either time
pressure to complete a case within the time limit or due to lower income per
hour. Although the economic stress factor was obvious, not all dentists thought
that increased fees would solve the problem. They thought it was expensive
enough for the patients.

Due to the limited time, there was no time for reflection on their own practice.
Further, many practitioners wanted to change to faster, easier instrumentation
systems, but they were not able to influence the purchase. The dentists also
asked for magnification equipment such as loupes and microscopes.

* Itwould be desirable at organisational level to allocate resources for:

o More continuing education in endodontology (which could
make the treatment more rational and less time-consuming)

o Creating an environment that stimulates reflection and
professional exchange

o Greater influence for the GDPs on purchases, such as simpler
instrumentation systems and appropriate root-filling systems,
which could enhance the treatment and also be a way to
shorten the time needed for RCT

o Improved visual control, such as loupes (preferably with light)
and/or microscopes
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APPENDIX 1: THE QUESTION ROUTE

Introductory Please tell us what it was like to assess the radiographs
question you were given.

Transition Presentation of the individual focus group’s assessments
question of the 37 root fillings

*  Whatis your general reaction to the results?

Key questions

Discussion of the selected cases

* Please describe the root filling in detail.

* Please tell us how you assess the root filling quality
and how you would monitor the case. Please justify
the grounds on which you base your decision.

In-depth discussion of the concepts expressed by the GDPs
when describing the root fillings
*  Why is the...... important?

Please think back to an occasion on which you felt
dissatisfied with a root filling but chose to accept it (not
due to broken instruments). Please tell us

* about the case

*  why you felt displeased

* on what grounds you chose not to re-do it

In what other situations is it OK to accept a defective
root filling?

Why do you think other dentists accept new root fillings
despite radiographic signs of defective quality?

(Text related to "other dentists” was not included in the
analysis)

Please think freely about root canal treatment.

* Describe the steps you consider to be the most
difficult.

Ending Suppose you were given “free hands” and free resources
question to improve the quality of root fillings, in your practice or

in general. What would you do? Feel free to speculate.
Summary Summary of the focus group discussion.

* Isthis an adequate summary?
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