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ABSTRACT

Apical periodontitis is a very common condition. Epidemiological research
suggests that nearly 50% of the global adult population may have had at least one
affected tooth and that approximately 40% of root-filled teeth may be associated
with apical periodontitis. Since apical periodontitis is caused by microorganisms
in the root canal system, every measure taken to reduce the microbial burden
during treatment is of importance. The high prevalence of apical periodontitis
associated with root-filled teeth suggests that dentists in general may have
problems eliminating microorganisms in the root canals and avoiding
contamination of the root canals when performing endodontic treatments.

Most non-surgical endodontic treatments are performed by general dentists. It can
be assumed that improvement of endodontic infection control in general dentistry
could have a positive impact on the overall outcome of endodontic treatments.
The aim of this project was to render a better understanding of endodontic
infection control in general dentistry.

Study I and II consisted of a two-folded cross-sectional questionnaire regarding
general dentists’ endodontic infection control measures, sources of knowledge,
and self-assessed skills. Study III and V consisted of two cross-sectional mixed
methods surveys regarding dental health care workers’ experiences during the
COVID-19 pandemic, and perceived barriers and facilitators to hand hygiene
adherence. Study IV was a prospective observational study which evaluated
endodontic operative field asepsis by assessing general dentists’ ability to reduce
the contamination to a non-cultivable level.

The vast majority reported using a dental dam and most disinfected the
endodontic operative field. However, one in 10 did not use hand disinfectant at
all during endodontic treatments. More than half of the respondents did not know,
or did not believe, that the initial diagnosis affected the outcome of their
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endodontic treatments, indicating an underestimation of microbiological factors’
impact on treatment outcome. The majority graded their endodontic treatment
outcome and their infection control adherence as good, though several admitted
not fully adhering to the infection control guidelines. The clinical study found
relatively high levels of contamination on the operative field in general dentistry,
which indicates poor aseptic control.

Knowledge, education, and a supportive work environment were perceived as
facilitators to infection control. Recurring themes regarding barriers were a lack
of training and performance feedback, conflicting messages and conflicting
demands, and lack of resources (mainly time). Several respondents reported
situations where they had felt pressured to make compromises with their infection
control measures. Most based their endodontic management of patients on what
they had been taught during their undergraduate training. A third of the general
dentists had not attended any continuing endodontic education.

The results from the included studies show that although dental professionals may
have the intention to adhere to infection control guidelines, they are influenced
by various other factors, which may result in nonadherence. There are also
indications that the awareness of the risks of contamination occurring during
treatment, and the subsequent negative impact contamination may have on
treatment outcome, may be lacking. Although both dentists and other dental
health care workers graded their knowledge and performance of, for example
hand hygiene, as good, several other responses indicated their estimations may
be misestimations.

Further research into what affects endodontic infection control performance is
needed, particularly regarding hand hygiene. Additional attention must be paid to
the settings in which general dentists operate, as the ability to choose different
measures may be limited by environmental and organizational factors. The future
challenge is to raise awareness in general dentistry about the microbiological
aspects of endodontic treatments and the critical importance of infection control.
It would be of value to add more observational data to compare views with what
is performed in clinical practice.
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POPULARVETENSKAPLIG
SAMMANFATTNING

Endodonti ér den specialitet inom tandvarden som utreder och behandlar tillstand
i tandens pulpa och kékbenet runtomkring. En endodontisk behandling
(rotbehandling) utfors for att forebygga eller avldgsna infektion i rotkanalerna.
Apikal parodontit &r en inflammation som uppstar vid rotkanalens mynning i
kdkbenet som en reaktion pa att det finns en infektion i rotkanalen. Apikal
parodontit dr ett mycket vanligt tillstind. Epidemiologisk forskning tyder pa att
runt 40% av alla rotfyllda tinder kan ha apikal parodontit.

Eftersom apikal parodontit orsakas av mikroorganismer sa ér allt som gors for att
minska méngden mikroorganismer av stor betydelse. Munnen ér en miljé som é&r
mycket rik pa mikroorganismer, dérfor skapar man ett rent arbetsfalt kring tanden
med en kofferdamduk. Tand och kofferdamduk ska sen desinficeras innan
behandlingen paborjas. Det dr ocksa viktigt att mikroorganismer inte tillfors fran
annat hall, darfor ska sterila instrument anviandas och mycket god handhygien
uppritthallas under behandlingen.

De flesta endodontiska behandlingar utfors av allméntandldkare. Den hoga
forekomst av apikal parodontit som setts vid rotfyllda ténder tyder pa att manga
tandldkare kan bade ha svart att f4 bort mikroorganismer ur rotkanalerna och att
undvika att tillféra nya mikroorganismer nér de utfoér behandlingarna. Syftet med
detta forskningsprojekt var att f en béttre forstaelse for den infektionskontroll
som utfors vid endodontiska behandlingar i allmédntandvarden.

Studie I och II undersokte allméintandldkares endodontiska infektionskontroll,
kunskapskallor och sjdlvbedomda lyckandefrekvens. I studie III och V samlades
bade kvalitativ och kvantitativ data in om svensk tandvardspersonals upplevelser
under covid-19-pandemin och vad de tycker underléttar/forsvarar for dem att
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folja handhygienriktlinjerna. Studie IV var en klinisk studie dar
allméntandlidkares forméga att skapa ett rent arbetsfilt utvirderades genom att
bakterieprover togs efter desinficering.

De flesta tandldkarna sa att de anvdnde kofferdamduk och desinficerade
arbetsfiltet. En av tio anvénde dock inte handdesinfektion under behandlingarna.
Majoriteten beddmde sina behandlingsresultat som goda, men hélften trodde inte
eller visste inte att tandens diagnos paverkar mdjligheten till ett lyckat
behandlingsresultat. Majoriteten bedomde sin efterlevnad av hygienriktlinjerna
som god, dven om flera medgav att de inte helt foljde riktlinjerna. Den kliniska
studien fann att nédstan en tredjedel av arbetsfilten var kontaminerade efter
desinfektion, vilket tyder pa bristande infektionskontroll.

Kunskap, utbildning och en stottande arbetsmiljo anségs vara viktigt for att kunna
hélla god hygien. Upplevda barriérer mot god hygien var brist pa trining och
aterkoppling, motstridiga budskap och of6renliga krav, samt brist pa resurser
(framst tidsbrist). Flera hade ként sig pressade att kompromissa med
infektionskontrollen for att hantera motstridiga krav. Anmérkningsvért var att
14,4% hade uppmanats att justera sina basala hygienrutiner efter tillgangen pa
skyddsutrustning under en pagaende pandemi.

Resultaten visar att &ven om tandvardspersonal kan ha for avsikt att ha god
infektionskontroll sa paverkas de av ménga andra faktorer, vilket kan leda till att
vardhygienen ibland brister. Aven om de till exempel bedémde sin kunskap och
sin forméga att f6lja handhygienriktlinjerna som god, tydde andra svar pé att
dessa sjalvbeddmningar kan vara missbedomningar. Resultaten tyder ocksa pa att
vissa allméintandldkare har bristande insikt i de mikrobiologiska aspekterna av
endodontiska behandlingar.

En framtida utmaning &r att 6ka medvetenheten om den betydelse som
infektionskontroll har for behandlingsresultatet, inte minst vikten av god
handhygien. En kritisk utvérdering av grundutbildningen inom endodonti kan
vara en bra utgangspunkt, eftersom de flesta tandlékare baserade sina rutiner pa
vad de liart sig under grundutbildningen. Arbetsmiljon maste dgnas mer
uppmaérksamhet, eftersom mojligheten att vilja att utfora olika atgérder kan
begrinsas av miljoméssiga och organisatoriska faktorer. Mer observationsdata
behovs ocksd samlas in for att kunna jamfora tandvardpersonalens
sjdlvbedomningar med vad som faktiskt utfors i det dagliga kliniska arbetet.
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INTRODUCTION

Endodontic disease

The consequences of inflammatory lesions of the pulp and periapical tissues have
plagued humankind for millennia, likely causing countless sleepless nights and
incalculable hours of suffering (1, 2). Under normal conditions, the dental pulp is
well protected from damage by the hard outer tissues and the periodontium. When
the integrity of these barriers is broken, microorganisms and their by-products
can gain access to the pulp, adversely affecting health and creating inflammatory
reactions.

Inflammation in the pulp can be reversible but can also progress to necrosis of
the tissue. An inflamed or injured pulp may need to be removed to prevent the
development of apical periodontitis. Apical periodontitis is an inflammatory
condition characterized by the destruction of the periapical tissue of a tooth with
an infected root canal system (3-5). Apical periodontitis can also be described as
an encounter between microbial factors and host defenses at the boundary
between an infected root canal and the periodontal ligament, which results in local
inflammation and formation of periapical lesions (5).

Studies have shown that over 700 species of bacteria are present in the human
oral cavity, although not all are present in the same individual (6, 7). Some of
these oral commensals are capable of adapting to the endodontic niche, and these
microorganisms can progress into the root canal system through caries lesions,
after trauma, or via periodontal pockets. Endodontic infections are polymicrobial
and the microorganisms are present in the root canal system as a multi-species
biofilm (8, 9). The most frequently detected species vary from study to study,

16



although 20 to 30 species may make up the core microbiome, as they are often
identified in studies of primary endodontic infections. They include several gram-
negative (e.g., Fusobacterium nucleatum, Porphyromonas endodontalis,
Porphyromonas gingivalis, Prevotella species), and gram-positive bacteria (e.g.,
Parvimonas micra, Cutibacterium acnes, Actinomyces species, Streptococcus
species) (9, 10).

Apical periodontitis is not self-healing because the microorganisms are beyond
the reach of the immune system. The infection is often asymptomatic and chronic
but can create several problems for the patient, as it may exacerbate into an acute
infection with consequences such as pain, swelling, and risk of a systemic spread.
The availability of modern dental and medical care lowers the risk of
complications, but serious morbidity and even fatalities still occur today (11).

Endodontic treatments

Endodontic treatments are performed either to prevent apical periodontitis or,
once it is established, to treat and resolve it. Endodontic treatments can be non-
surgical or surgical. In this thesis we focus on non-surgical endodontic
treatments. Non-surgical endodontic treatments, often also called root canal
treatments, involve accessing the root canal system through the crown of the
tooth, the removal of pulp tissue or the necrotic remnants of pulp tissue, the
cleaning and shaping of the root canals, and finally the obturation of the root
canals.

Since microorganisms and their byproducts are the culprits in the development of
apical periodontitis, treatment is aimed at removing microorganisms and
preventing the introduction of microorganisms into the root canal system (3, 4,
12). This is achieved when aseptic and antiseptic measures are taken during
treatment, and the aseptic protocol is maintained throughout the entire course of
the treatment. A well performed endodontic treatment shifts the ecological
balance of the dynamic host/microbial interaction in favor of the immune system,
reduces inflammation, and initiates a new phase that enables healing.

Endodontic treatment failures develop either from residual microorganisms in the
root canal system or from secondary infections (13-16). Secondary endodontic
infections are caused by microorganisms introduced into the root canal following
professional intervention. The potential sources of contamination include patient
saliva, carious dentin, gloves, contaminated operative fields, contaminated
materials and instruments, and coronal leakage (17-21).
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The prevalence of apical periodontitis

Epidemiological studies have examined the prevalence of apical periodontitis. In
a systematic review and meta-analysis, Tiburcio-Machado et al. (22) reported that
the global prevalence of apical periodontitis is 52% at the individual level and
5% at the tooth level, suggesting that nearly 50% of the global adult population
may have at least one affected tooth. A meta-analysis of cross-sectional studies
published between 2012 to 2020 found that 6.3% of all teeth examined had apical
periodontitis, and that approximately 40% of root-filled teeth were associated
with apical periodontitis (23). In a recent study conducted in a Swedish
population, the prevalence of apical periodontitis was high, approximately one-
third (34%) of root-filled teeth were diagnosed with apical periodontitis, and in
molars the prevalence was even higher (46.0%) (24).

Nearly 200,000 non-surgical endodontic treatments are performed in Sweden per
year (25). Most of those treatments are performed by general dentists. The high
prevalence of apical periodontitis associated with root-filled teeth suggests that
dentists in general may have problems eliminating microorganisms in the root
canals and/or avoiding contamination of the root canals when performing
endodontic treatments.

Infection control

Infection control refers to policies and procedures used to minimize the risk of
the spread of infections within health care facilities (26, 27). The main goal of
infection control is to either reduce or eliminate the risk of microorganisms being
transferred within health care facilities. The World Health Organization states
that infection control practices, and especially hand hygiene practices, are highly
cost-effective interventions to prevent infections (26). In 2011, the World Health
Organization reported that, on average, seven percent of patients in developed
countries and 10% in developing countries will acquire at least one health care-
associated infection, which clearly has a significant (and many times avoidable)
impact at both patient and population levels (28). No country and no health care
facility can claim to be free of the problem of health care-associated infections
(27, 28).

Several things are necessary for an infection to occur in a health care
environment. First, there must be a source, a place where an infectious agent is
present. Then there must be a mode of transmission and a susceptible person
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present. The infectious agent must then be able to enter the body of the susceptible
person and invade tissues, multiply, and cause a reaction. The risk of transmission
is also affected by the infectious dose, which for many nosocomial pathogens is
low. Therefore, pathogens on different surfaces, even at low concentrations,
always carry a risk of transmission (29, 30).

In health care and dental care, infection control encompasses various measures
that prevent and limit the spread of infection. These measures include standard
precautions such as proper hand hygiene, use of personal protective equipment
(PPE) during procedures and patient-care activities, procedures for
decontamination of persons, and cleaning and disinfection of equipment and
environment.

More than 50 years ago, Spaulding (31) introduced an approach to disinfection
and sterilization of patient-care items and equipment. Spaulding believed the
nature of disinfection could be easily understood if instruments and items were
categorized as critical, semi-critical, and non-critical according to the degree of
risk for infection involved in use of the items. Significant changes have occurred
over the years that challenge the interpretation and application of this system,
including the emergence of new pathogens (viruses, mycobacteria, protozoa,
fungi), a better understanding of microbial tolerance to disinfection, and a greater
complexity in medical devices (32). Yet the general applicability of Spaulding's
classification remains logical and useful today (32, 33).

Critical items are those used to penetrate soft tissue or bone or that enter into or
contact the bloodstream or other normally sterile tissue. Critical items should be
sterilized since they present a high risk for infection if they are contaminated with
any microorganism. Sterilization refers to the complete killing of all forms of
microorganisms (including bacterial spores) on an object or a surface (33). Semi-
critical items are those that do not penetrate soft tissues or bone, but contact oral
tissues or non-intact skin, and these should also be sterilized or have a high degree
of cleanliness. Non-critical items are those that come in contact with intact skin
but not with mucous membranes. These items should be cleaned and
disinfected. Although noncritical items have the lowest classification by the
Spaulding criteria, noncritical items and surfaces can play a role in pathogen
transmission, meaning that proper disinfection of noncritical items is also vital
for good infection control (29, 30, 33).
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Hand hygiene

Hand hygiene is the cornerstone of infection control and possibly the single most
effective measure for reducing health care-associated infections (26). Hands have
the potential to transfer microorganisms at every contact, and hands transiently
contaminated with nosocomial pathogens are the primary route of transmission
(26, 34). Performing hand hygiene correctly leads to a significant reduction in the
number of bacteria present on the hands and thus reduces the likelihood of cross-
transmission (35). Though the benefits of maintaining good hand hygiene have
been proven, the lack of consistent hand hygiene practices in health care remains
a global issue (26, 36, 37).

Self-reported hand hygiene compliance is often high (38-40). However, there is
frequently a discrepancy between self-reported and observed hand hygiene (41-
45). In dentistry, varying observed compliance rates for hand hygiene have been
reported (46-50). Mutters et al. (42) found that more than half of dental
professionals failed to disinfect their hands properly before dental work. Cheng
et al. (50) observed an overall hand hygiene compliance rate of 34.7%, while
Thivichion-Prince et al. (43) reported a compliance rate of 39.9% and that only
36.6% of the observed hand hygiene moments were performed correctly.
Edwards et al. (49) reported that hand hygiene before and after patient treatment
was poor for all categories of dental health care workers despite them being aware
of the importance of good hand hygiene. The most cited factor for non-adherence
with the hand hygiene protocols was “lack of time” (49).

Several factors have been associated with lower hand hygiene adherence, such as
time constraints, understaffing, high workload, and situations with a high number
of hand hygiene opportunities (26). The compliance rate with hand hygiene
protocols before procedures has been found to be lower than the compliance rate
after procedures, a behavior that may be motivated by self-protection and a desire
to clean oneself after a task, rather than to protect the patient (44, 51-53). Wearing
gloves is also considered a predictor of non-compliance with hand hygiene
protocols, as gloves can give the wearer a false sense of protection and can be
used as a substitute for hand hygiene measures (26, 54, 55).

Endodontic infection control

Every measure taken to reduce the microbial burden during endodontic treatment
is of importance, as all efforts in different treatment phases aim to eliminate
existing microorganisms and prevent the introduction of new microorganisms
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into the root canal system. Specific procedures and standards have therefore been
developed to establish and maintain asepsis during treatment (56).

Endodontic infection control is built on the foundation of standard precautions,
such as proper hand hygiene, the use of PPE, cleaning and disinfection of the
environment and equipment, and sterilization of instruments. Endodontic
treatments are invasive procedures, and instruments and materials used during
root canal treatment should be considered critical items according to the
Spaulding criteria (31). Endodontic infection control also involves ample use of
antimicrobial agents. For example, to eliminate microorganisms in the root canals
most current treatment protocols include irrigation of the root canals with sodium
hypochlorite solution (56, 57).

The operative field

For effective and safe endodontic practice, it is essential to isolate the tooth from
the oral environment with a dental dam. If it is not technically possible to apply
the dental dam, then the restorability of the tooth and the reason for performing
root canal treatment must be challenged. The isolated tooth and the surrounding
dental dam must also be disinfected to reduce the risk of contamination occurring
during treatment (56).

Different antimicrobial agents have been suggested for the disinfection of the
operative field (58-60). Moller (58) found that 30% hydrogen peroxide followed
by 5% iodine tincture was an effective method for reducing the number of
culturable bacteria from the operative field: 83.3% of samples were negative at
the dental dam-tooth junction, and 98.2% of samples from the crowns were
negative (58). Ng et al. (60) showed that disinfection with 30% hydrogen
peroxide followed by either 2.5% sodium hypochlorite or 10% iodine tincture
significantly reduced the number of contaminated operative fields. However,
culturable bacteria were still present, and greater microbial contamination was
detected when polymerase chain-reaction (PCR) technique was used.

Contamination

Several studies have investigated contamination of gloves, materials, and
instruments used during endodontic treatments (19-21). A study aimed to
determine if gloves worn by the dentists could be a source of nosocomial
infections found contamination of gloves used during treatment (19). The
prevalent taxa found on gloves were Cutibacterium acnes and Streptococcus
epidermidis, which are opportunistic endodontic pathogens (61). The authors
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recommended changing gloves frequently to reduce the risk of reinfection of the
root canals (19).

In a study by Zahran et al. (21), potential bacterial contamination was assessed
during endodontic treatment of teeth with vital pulps. High frequencies of
contamination were encountered; almost half of the tested dental dam surfaces
had a significant bacterial load at the time of obturation. Next-generation
sequencing revealed that the dental dam surfaces were contaminated mainly with
Streptococcus,  Granulicatella,  Rothia,  Sphingomonas,  Actinomyces,
Cutibacterium, Fusobacterium, and Haemophilus. The authors concluded it was
important to make every effort to minimize the possibility of microbial
transmission, especially before obturation, as higher bacterial loads were more
frequently present in intra-canal samples before obturation when instruments and
the operative fields had been found to be contaminated.

Surfaces in dental operatories also play a role in microbial transmission, as they
are prone to contamination as a result of, for example, splashes and aerosols that
often accompany dental procedures (62). In a study performed at eight dental
clinics (two endodontic specialist clinics and six general dentistry clinics),
surface disinfection after endodontic treatment resulted in an increased
contamination in most general dentistry clinics: 64% of the surfaces were
contaminated prior to and 70% after disinfection. Disinfection of surfaces at the
specialist clinics reduced contamination levels, but only by 10%, leaving the
overall level of contamination after disinfection at approximately 50% (63). The
microorganisms present on contaminated surfaces can be transmitted to patients
through contact with hands, gloves, or dental instruments. Since compliance with
hand hygiene protocols has been found to be significantly less after contact with
the environment than with the patient (26, 64), this underlines the ever-present
importance of keeping proper hand hygiene during endodontic treatments.

Impact on outcome

The extent to which infection control measures affect the outcome of endodontic
treatment has not been extensively studied. However, comparisons of endodontic
treatments performed with or without a dental dam have shown that cases where
a dental dam was used have a better survival rate (65-67). Furthermore,
implementation of an improved infection control protocol during root canal
treatment has been reported to result in less detectable bacterial DNA in the root
canals prior to obturation (68). The enhanced infection control protocol was also
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associated with significantly more successful treatment outcomes after one year
(69).

Since several studies have reported poor aseptic control in general dentistry and
an underestimation of the impact microbiological factors have on the prognosis
of endodontic treatments (70-79), it may be surmised that the improvement of
endodontic infection control in general dentistry could have a positive impact on
the overall outcome of endodontic treatments.

Improving infection control adherence

The field of infection control in health care has accumulated substantial
knowledge about effective infection control measures, many of which are simple
and relatively cost-effective (26, 27). The availability of guidelines that are
consistent with available evidence is important to provide a framework that
supports the implementation of good practice. However, the mere presence of
guidelines has a poor impact on infection control behavior; the guidelines are
often not strictly applied, or sometimes even poorly applied (27, 80). For
example, even though international guidelines emphasize that using a dental dam
is obligatory during non-surgical endodontic treatment (56), the use of dental dam
in general dentistry is often reported to be low (71, 74, 75, 77-79).

Although many infection control measures are rather simple procedures, they are
performed in complex settings with many potential barriers to compliance, and
this complexity of factors must be considered when assessing infection control
behavior (26, 27, 80, 81). Adherence to infection control protocols has been
reported to be influenced by several factors, including adequate knowledge and
training, access to PPE, workload, time constraints, confidence in one's own
clinical skills, and organizational factors (36, 49, 51, 52, 82).

Most efforts and strategies to improve, for example, hand hygiene behavior in
health care have had small to moderate effects (37, 83). The difficulties of
motivating health care workers to consistently follow infection control protocols
indicate that changing hygiene behavior is a complex task (79). It has been
suggested that a combination of strategies is better than performing single
interventions (26, 36, 83).

Multimodal strategies comprise several elements or components implemented in
an integrated manner with the aim of improving outcomes and changing
behaviors (26, 85). However, evaluations of multimodal strategies have rendered
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varying results (37, 83, 86). A contributing factor may be that different
combinations of interventions can lead to different outcomes (83). Interventions
that have been successful in one health care setting may not be as effective in
other health care environments. Before implementing different interventions, it is
important to first identify the infection control difficulties found in a specific
environment (83, 87).

It is also important to consider the perspectives of the health care workers, as
adherence increases if their views are considered (88, 89). Godin et al. found that
health care workers’ perception of their ability to adopt the use of PPE into their
practice affected their level of compliance (90). If they believed the barriers could
not be circumvented, they would not comply with the recommended use of PPE.
Understanding the underlying motivation of why individuals engage, or do not
engage, in a behavior in a specific situation is one of the first steps to design more
efficient infection control strategies (91, 92). Therefore, for infection control
efforts to be successful, perceived barriers to changing infection control behavior
must be detected and overcome, and facilitators identified and supported (81, 85,
93).
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KNOWLEDGE GAPS

When it comes to endodontic infection control in general dentistry, much is still
unknown. Research on, for example, operative field asepsis has generally been
conducted at endodontic specialist clinics (59), while the bulk of root canal
treatments are performed in general dentistry. Hand hygiene adherence during
endodontic treatments in general dentistry is also a largely unexplored topic.

Although general dentists have been taught specific endodontic infection control
measures during their undergraduate training (94), it is unclear if and how these
measures are performed after graduation. It has been reported that there may be
a discrepancy between what general dentists are taught in dental school and what
they practice after graduation (70, 71, 75, 78, 79, 95).

In order to improve the outcome of endodontic treatments performed in general
dentistry, current endodontic infection control behaviors and measures need to be
assessed. It is also important to understand the determinants of current behaviors,
i.e., the factors that potentially influence infection control behavior, as these
determinants form the channels through which different interventions can
influence future endodontic infection control behavior (85).
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AIMS

The overall aim of this project was to render a better understanding of endodontic
infection control in general dentistry.

And to:

e Investigate the endodontic infection control practices among general
dentists (I).

e Evaluate the establishment of endodontic operative field asepsis in
general dentistry (IV).

e Explore barriers and facilitators to infection control adherence (II1, V).

e Investigate the status of the endodontic practices among general dentists
in regard to knowledge, self-assessed skills, and their access to
continuing endodontic education (II).
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MATERIALS AND METHODS

Cross-sectional studies (I-l)

Study I and II consisted of a two-folded, cross-sectional questionnaire designed
to investigate different aspects of general dentists’ endodontic management of
patients.

In the first part (I), infection control measures were assessed: 16 questions
concerned different aspects of infection control during endodontic treatment, e.g.,
the use of dental dam and isolation methods, the choice of antibacterial agents
and root canal irrigants, and use of hand disinfectant and medical examination
gloves. In the second part of the survey (II), the status of the endodontic practices
among general dentists were assessed through nine questions regarding
continuing dental education, post-operative follow-ups, success-rate, and the
initial diagnosis’ impact on treatment outcome. The respondents were also asked
questions regarding their age, gender, and year of graduation.

The questionnaire was checked and revised on the context of validity by a
statistician at the University of Gothenburg and by being piloted by three general
dentists. The questionnaire was modified in accordance with their comments,
mostly by being re-worded to clarify the questions and responses, and by
changing the order of the questions to make the questionnaire more coherent for
the respondents. The questionnaires sent to Norway had been translated into
Norwegian and reviewed by a Norwegian specialist in endodontics.

The questionnaire was then distributed via email during three periods in 2016—
2017 to 1,384 general dentists: 984 working in public dental care in Véstra
Géotaland County and Skéne County in Sweden, 169 working at a private dental
care chain in Sweden, and 231 working in public dental care in three counties
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(Trendelag, Mere og Romsdal, and Telemark) in Norway. The questionnaire was
accompanied by an explanatory covering letter. Two reminders were sent to all
recipients with an interval of two weeks in between.

Cross-sectional mixed methods studies (lll, V)

In Study III and V, data collection was performed using a cross-sectional mixed
methods approach. The theoretical domains framework (TDF) was used as the
analytical framework.

The TDF was developed by a group of health psychologists, health psychology
theorists, and implementation researchers for applications within health care (96).
It is a validated, integrative framework based on 33 theories and 128 constructs
that can be used for analysis of potentially modifiable factors to target in an
intervention (96, 97). Whereas many theories focus on individual factors, the
TDF also includes social and environmental factors that could potentially
influence a given behavior (97).

The questionnaire in Study III consisted of three closed-ended questions and two
open-ended questions regarding dental health care workers’ sense of safety
during the COVID-19 pandemic, and their satisfaction with the information they
received regarding infection control, pandemic protocols, and COVID-19.

For Study V, an exploratory survey was first conducted in which 12 volunteer
dental health care workers answered open-ended questions about what they
believed influenced compliance with hand hygiene. Content analysis of the
responses was performed using a TDF codebook and the analysis served as a
guide for the construction of the questionnaire. Ten TDF domains were identified
in the responses: knowledge, skills, professional role and identity, beliefs about
capabilities, beliefs about consequences, reinforcement, memory attention and
decision processes, environmental context and resources, social influences, and
emotion. Five-point Likert-type questions regarding hand hygiene, ranging from
“strongly agree” to “strongly disagree”, were then compiled, each question linked
to the aforementioned domains. To further explore the respondents' own view of
barriers and facilitators to hand hygiene, three open-ended questions were also
included.

A group of volunteers provided feedback on the questionnaires (I1I, V). Then 38
dental professionals completed the questionnaires twice, two weeks apart. Test-
retest reliability for closed-ended questions was measured using Spearman's rank
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correlation coefficient (0.74 < rs >0.93). The TDF codebook was tested on the
message units to ensure that the coders' coding was consistent. For content
analysis calibration, inter-rater reliability was assessed and confirmed at >80%,
and the degree of agreement between test and retest scores was assessed and
confirmed at > 70% agreement.

A non-probability sampling method was used. Organizations and clinics were
invited to participate in order to ensure an even distribution across the country.
Invitations to participate in the survey were then sent out by the respective
employers to 2,990 dental health care workers in Sweden. The questionnaires
were made available via the web-based survey tool Sunet Survey (Artisan Global
Media, Vixjo) during July-November 2021.

Content analysis of open-ended questions in both surveys was performed using
NVivo qualitative data analysis software (QSR International Pty Ltd.). A
response could contain one or more message units. The message units were then
mapped to TDF. Disagreements about coding were resolved in consensus
discussions (9.2-13.8% of the message units). The qualitative data were then
quantified by calculating the frequency of message units mapped to the different
domains.

Prospective observational study (IV)

Study IV was a prospective observational study conducted at a general dentistry
clinic in Skane County, Sweden, and at the Endodontic Specialist Clinic at The
Public Dental Health Service of Visterbotten County, Umed, Sweden. Inclusion
criteria were adult patients (>18 years old) with a tooth in need of non-surgical
endodontic treatment. Informed consent was given by all participants verbally
and in writing. No personal data regarding the patients were collected, only the
tooth number was recorded, and the samples could not be traced back to any
individual patient.

The tooth was isolated with a dental dam, which was attached to the tooth with a
clamp. The dentists used sealer/caulking material at their own discretion. From
the surface considered for preparation of the access cavity and from the buccal
surface of the tooth (approximately two millimeters above the gingival margin),
two control samples were taken with sterilized mini foam sponges. The samples
were immediately transferred to fluid thioglycolate medium (FTM) tubes.
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Figure 1
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Flow-chart of the protocols for disinfection and sampling in Study IV.
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Two protocols for operative field disinfection were used (Figure 1). The choice
of the protocols was informed by the results from Study I regarding the most used
disinfection protocols in Sweden. First, the tooth was scrubbed with a swab
soaked in 30% hydrogen peroxide for one minute. Then the tooth, clamp, and
adjacent dental dam were disinfected by scrubbing with a twisted gauze swab
soaked in either 0.5% chlorhexidine in 70% alcohol (chlorhexidine protocol) or
5% iodine tincture (iodine protocol), after which the surfaces were allowed to air-
dry. Then the second set of samples was collected from the same surfaces as the
control samples with sterilized mini foam sponges soaked in either Tween80
(chlorhexidine protocol) or 5% sodium thiosulfate (iodine protocol). In total, four
samples per tooth were collected.

In general dentistry, the original design was to randomize the two disinfection
protocols. However, several of the participating general dentists opted out of the
randomization. This led to an unplanned modification of the research protocol:
the general dentists used their own preferred choice of either the chlorhexidine
protocol or the iodine protocol. At the specialist endodontic clinic, the first 100
sampled teeth were disinfected with the chlorhexidine protocol and the following
100 teeth with the iodine protocol.

The FTM tubes were numbered from one to four to identify the sample site and
whether the sample was taken before or after disinfection. The FTM tubes were
also labeled with the tooth number and which disinfection protocol had been
used. The samples were incubated for seven days at 37°C, visually inspected for
bacterial growth after seven days, and classified as either positive (growth) or
negative (no growth). If a control sample was negative, the corresponding sample
taken after disinfection was excluded from the study.

Statistical analysis (I-V)

The collected quantitative data (I-V) was analyzed using the statistical package
IBM SPSS version 25-28 (Armonk, NY: IBM Corp.) Blank answers on questions
were counted as missing, and only valid responses were included in the
descriptive analysis of each question, where absolute and relative frequencies
were determined.

The qualitative data collected in Study III and V were quantified by enumerating
the frequency of message units mapped to the different TDF domains. The
association between variables (I-V) was examined by cross-tabulations and the
statistical significance of such relationships was determined by Pearson’s chi-
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squared test and Fisher’s exact test. Statistical tests were two-tailed at the 5%
significance level. Analysis of variance (III, V) was performed using Kruskal-
Wallis H-test. The test-retest reliability of closed-ended questions (III, V) was
measured with Spearman’s rank correlation coefficient.

For Study V, closed-ended questions were also analyzed using exploratory factor
analysis; whether a domain was considered a barrier or facilitator was determined
by reviewing the scores of the questions. Low scores identified a domain as a
barrier, and high scores as a facilitator for compliance with hand hygiene
measures.
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ETHICAL CONSIDERATIONS (I-V)

The ethical aspects were discussed extensively during the planning and execution
of each study. All studies followed the ethical considerations of the Declaration
of Helsinki (98). Participation in the studies was voluntary, anonymous, and no
data could be traced back to the individual study participant.

Study L, II, III and V fell outside the scope of the Swedish law regarding ethical
approval (SFS 2003:460 - the Act Concerning the Ethical Review of Research
Involving Humans), as they collected no sensitive personal data. However, a
request for an advisory opinion for Study III and V was sent to the Swedish
Ethical Review Authority. The authority’s advisory statement gave no objections
to the project (DNR 2021-00389).

Study IV received ethical approval from the Swedish Ethical Review Authority
(DNR 2019-02649, DNR 2020-05615). When planning the study, it was
extensively discussed which information truly needed to be collected. Since the
aim of the project was to compare the effectiveness of general dentists and
endodontic specialists’ ability to establish operative field asepsis, the decision
was made to collect no data regarding the patients; only the tooth number of the
included teeth was recorded. The patients who were included in the study
received verbal and written information and provided written consent to
participate.
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RESULTS

Study samples and response rates

In Study I and II, the study population was general dentists. The study sample
consisted of 1,384 general dentists working in Sweden and Norway. Of the
original 1,384 questionnaires, 51 could not be delivered. Of the delivered
questionnaires, 499 were not returned, five returned empty, and 10 returned with
the information that the recipient was not a general dentist or did not perform
endodontic treatments. The response rate was 61.4%. The questions were
answered by 98.4—100% of the participants. The non-response analysis showed
an even gender and age distribution compared to the full target sample.

In Study III and V, the study population was dental health care workers (dentists,
dental hygienists, and dental assistants). The study sample consisted of 2,990
dental health care workers in Sweden. The response rate was 41.7% (I1I) and
41.5% (V). Dentists had a slightly higher response rate (45.3-45.8%), than dental
hygienists (42.3%), and dental assistants (38.9%). In Study III, analysis of
variance of the responses showed no statistically significant differences between
the subgroups. In study V, differences in the responses between the subgroups
were small and mostly not significant.

In Study IV, samples were collected from 353 teeth: 153 in general dentistry and
200 at the endodontic specialist clinic. More than half of the included teeth were
molars (Table 1). Of the collected control samples, 19 were negative. The
corresponding 19 samples collected after disinfection were thus removed, leaving
687 samples collected after disinfection to be included in the analysis of the
operative field asepsis.
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Table 1
Teeth included in Study IV.

General dentistry Specialist clinic Both clinics
Tooth type n % n % n %
Incisor 37 241 36 18.0 73 20.7
Canine 5 3.3 6 3.0 11 31
Premolar 40 26.1 22 11.0 62 17.6
Molar 71 46.4 136 68.0 207 58.6
Total 153 100 200 100 353 100

Endodontic infection control

In Study I, self-reported endodontic infection control measures were assessed.

Most respondents reported taking measures to establish and maintain asepsis
during endodontic treatments. A majority stated they used a dental dam when
performing endodontic treatments (Table 2).

Table 2

Methods used for tooth isolation (1).

Tooth isolation

n valid %
Nothing 4 0.5
Dental dam 781 96.9
Cotton rolls 18 2.2
Other 3 0.4
Total 806 100

Missing 13

Most respondents reported that they disinfected the endodontic operative field,
but the antimicrobial solutions they used varied. A majority of the Swedish
dentists (78.4%) used a combination of 30% hydrogen peroxide and either 5—
10% iodine tincture or 0.5% chlorhexidine in 70% alcohol solution, while most
Norwegian dentists (62.9%) solely used 0.5% chlorhexidine in 70% alcohol to
disinfect the operative field. The majority used 0.5-1% sodium hypochlorite to
irrigate the root canals, and almost all (99.8%) used calcium hydroxide in the root
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canals between visits. Most (75.6%) reported that the clinic they worked at had
specific clinical protocols or guidelines regarding endodontic infection control,
but 7.6% stated that they did not follow the guidelines.

Of the respondents, 11.9% reported that they did not use gloves at all during
treatment, and 10.5% that they did not use hand disinfectants during treatment.
All respondents who did not use gloves reported performing hand hygiene using
hand disinfectant during treatment. When the respondents were asked when they
performed hand hygiene during treatment, 49.3% stated they always used hand
disinfectant before initiating aseptic work (after operative field disinfection and
before initiating instrumentation of the root canals), while 29.3% used hand
disinfectant after removing gloves and before donning new gloves, and only
23.9% reported using hand disinfectant after touching a nonsterile surface.

In Study 1V, the operative field asepsis in general dentistry was assessed.
Significantly more positive samples were collected at the general dentistry clinic
than at the endodontic specialist clinic (Table 3).

Table 3
Positive and negative samples collected at the participating clinics (V).

General dentistry Endodontic specialist
clinic clinic
Sample site Positive Negative Positive Negative _value
P n (%) n (%) n (%) nw P
Access cavity area 38 (25.2) 113 (74.8) 15 (7.7) 180 (92.3) p <.001
Buccal area 57 (38.0) 93 (62.0) 12 (6.3) 179 (93.7) p <.001
Total 95 (31.6) 206 (68.4) 27 (7.0) 359 (93.0) p <.001

In general dentistry, significantly more positive samples were collected from the
buccal area than from the access cavity area (p=0.016). Significantly more
positive samples were also collected when the chlorhexidine protocol had been
used (Table 4). At the endodontic specialist clinic, both protocols could relatively
reliably reduce the number of contaminating bacteria to a non-culturable level,
although significantly more positive samples were collected when the
chlorhexidine protocol had been used (Table 4). Analysis of the two protocols
separately showed significantly less contamination of the operative field at the
specialist clinic for both disinfection protocols and at both sample sites (p<0.001).
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In general dentistry, a significant difference was noted in the frequency of
positive samples collected in the first and second half of the trial: 21.3% (32/150)
of samples collected in the first half of the trial were positive, and 42.4% (64/151)
in the second half of the trial (p < 0.001). Of the last 50 sampled teeth, more than
two-thirds showed at least one positive sample after disinfection. At the specialist
clinic, no similar pattern could be discerned.

Table 4
Comparison between the two disinfection protocols (1V).

General dentistry clinic

lodine protocol Chlorhexidine protocol
. positive negative total positive negative total p-
Sample site n (%) n (%) n n (%) n (%) n value
Access 11 (15.9) 58 (84.1) 69  27(32.9) 55 (67.1) 82 0017
cavity area
Buccal 17 (24.6) 52 (75.4) 69 41 (50.6) 40 (49.4) 81 0.001
Total 28 (20.3) 110 (79.7) 138 68 (41.7) 95 (58.3) 163  0.001
Endodontic specialist clinic
lodine protocol Chlorhexidine protocol
. positive negative total positive negative total p-
Sample site n (%) n (%) n n (%) n (%) n value
Access 3(31)  95(96.7) 98 12(124) 85 (87.6) 97  0.016
cavity area
Buccal area 5(5.3) 90 (94.7) 95 7(7.3) 89 (92.7) 96  0.563
Total 8 (4.1) 185 (95.9) 193 19(9.8) 174 (90.2) 193  0.028
Knowledge

In Study II, general dentists’ knowledge, self-assessed skills, and access to
continuing dental education in endodontics was assessed.

The majority estimated their endodontic success rate to be over 75%. Almost half
of the respondents (47.2%) reported that their endodontic success rate was above
90%. However, some respondents considered just being able to complete a root
canal treatment with no mishaps as a successful outcome, while others considered
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endodontic treatments to be successful so long as patients did not experience any
symptoms.

Of the respondents, a quarter did not believe that the tooth’s initial diagnosis
impacted the outcome of their root canal treatments, while a third stated that they
did not know if the initial diagnosis had an impact on treatment outcome (Table
5). Dentists who did not believe the initial diagnosis could impact treatment
outcome were more likely to estimate their success rate as the highest (p<0.001).

Table 5
The respondents' views on the impact a tooth's diagnosis has on treatment outcome (ll).

Does the tooth’s diagnosis impact the chance of a
successful endodontic treatment outcome?

n valid %

No 207 25.6
Better when treating pulpitis 279 34.4
Better when treating apical periodontitis 4 0.5
| don’t know 268 33.1
Other factors have more impact 52 6.4
Total 810 100

Missing 9

Most (86.1%) stated they performed post-operative follow-ups with radiographs.
However, when asked when the follow-ups were performed, a different pattern
emerged. While 44.7% performed follow-ups after one year, 14.7% rarely or
never performed follow-ups, and 16.9% had other routines, for example, only
performing follow-ups if a patient showed symptoms or if the tooth needed a
prosthodontic restoration.

Most reported between one and four sources of knowledge for their endodontic
management of patients (Figure 2). One sixth (16.9%) listed their undergraduate
dental education as the only source of knowledge for the endodontic management
of the patient. Dentists with over 30 years in the profession were more likely to
state continued endodontic education as their only source of knowledge
(p<0.001). A third of the respondents had not attended any continuing education
in endodontics, of which 12 dentists reported they had not received any
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continuing education in endodontics in over 20 years. A majority (83.0%) wanted
to attend more continuing endodontic education.

Undergraduate dental education _ 85,8%
Continuing endodontic education — 55,8%
The clinic's endodontic guidelines T 36.5%
Advice from colleagues ) 27.8%
Scientific papers ) 23,.4%
The Dental Association's journal ) 16.8%
Internet resources I 7.3%

Other sources - 7,0%

Figure 2
Sources of knowledge for the endodontic management of patients (ll).

Infection control during a pandemic

In Study III, dental health care workers’ experiences during COVID-19 were
assessed. Most respondents (78.7%) were “very satisfied” or “fairly satisfied”
with the information they had received regarding infection control, pandemic
protocols, and COVID-19. However, conflicting messages were a frequently
reported problem, especially conflicting messages regarding how highly
prioritized infection control and the pandemic protocols truly were:

Our manager doesn’t think it’s important to follow all recommendations. He thinks
those who want to follow the protocols are being difficult since it’s too time

consuming.
Some reported receiving both information and training:

We practiced hand hygiene and donning of PPE. It was good with some repetition.

Made me feel more confident.
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But several respondents commented on the lack of training:

Covid put the spotlight on how many people need training in infection control. We

were just given information, no training. It was not enough.

Most of the respondents reported they had felt “very safe” (22.7%) or “fairly safe”
(47.0%) while working during the pandemic, but more than half of all
respondents described situations that had made them feel unsafe. The sense of
safety was predominantly related to their own knowledge and skills, and support
in the workplace (social influences). The feeling of not being safe was foremost
related to the TDF domain “environmental context and resources”. Primarily,
PPE shortages and time-related shortages were mentioned, in the context that
these shortages made it difficult to follow the pandemic protocols and maintain
good infection control.

When infection control products were in short supply, most respondents reported
clinical activities were reduced or stopped entirely:

When the PPE shortages were at their worst, the clinical activity was adjusted so
we only treated emergency cases. No one wanted to compromise our patients’ and

our own safety.

However, 14.4% of the respondents reported they had been asked to instead
adjust their infection control measures and had been expected to keep operations
running as usual:

It was as if they said: Infection control is VERY important, but we won’t give you
time or means to follow the protocols, and since we’ve run out of face masks, you

won’t need a face mask anymore.

Respondents who reported being asked to, for example, forego using surgical face
masks or “economize” with gloves because of shortages were more likely to have
felt unsafe during the pandemic (p<0.001).

Barriers and facilitators to hand hygiene adherence

Study V examined perceived barriers and facilitators to hand hygiene adherence
among dental health care workers. The TDF domains of “environmental context
and resources” (time, workload, supplies), and ‘“attention, memory, cues,
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cognitive affect, and decision-making” (cognitive stress, remembering but
choosing not to perform hand hygiene) were the dominant identified barriers to
hand hygiene adherence. Lack of reinforcement (monitoring, incentives, and peer
feedback) and negative social influences (conflicting messages, lack of support
in the workplace, social pressure) were also perceived as barriers.

Conflicting messages and demands were recurring themes regarding perceived
barriers. Message units regarding conflicting demands primarily mentioned that
time constraints (resources) conflicted with maintaining good hand hygiene. The
theme of conflicting messages was mainly mapped to the domain of “social
influences”. Most often, directives and expectations from management and co-
workers which conflicted with the requirement to maintain good hand hygiene
were mentioned:

The expectation from both patient and employer is that a treatment should be fast
AND safe. But the understanding that sufficient time is required to maintain good
hygiene is generally low. It puts a lot of pressure on you.

Several respondents mentioned why they sometimes neglected to perform hand
hygiene; mainly time pressure and difficulties with donning new gloves after
performing hand hygiene were mentioned. Some also stated that they avoided
using hand disinfectants because of skin irritation or because of small cuts and
wounds on their hands. A few respondents stated they were only allowed to have
one bottle of hand disinfectant in each treatment room for fire safety reasons,
which made it difficult for them to follow the hand hygiene protocols.

Most perceived facilitators were a mix of individual, social, and organizational
factors: knowledge (own knowledge, receiving education regularly), skills (own
skills, receiving training and assessment of skills), beliefs about consequences
(protecting the patients and oneself), and social influences (being a good
influence, receiving support/encouragement in the workplace) were the main
identified facilitators to hand hygiene adherence. Also, environmental context
and resources was mentioned by several, including this comment:

Having enough time to be able to disinfect my hands when I’m supposed to makes
all the difference. Always having the hand disinfectant within easy reach also helps
alot.
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Table 6
Self-assessed hand hygiene adherence (V).

| have good knowledge of the hand hygiene guidelines

n
Strongly agree 1169
Agree 69
Neither agree nor disagree 0
Disagree 3
Strongly disagree 0
Total 1,241
Missing 0
| always wash or disinfect my hands correctly
n
Strongly agree 874
Agree 340
Neither agree nor disagree 13
Disagree 4
Strongly disagree 7
Total 1,238
Missing 3
| always perform hand hygiene when I’'m supposed to,
but sometimes | do it less thoroughly
n
Strongly agree 287
Agree 585
Neither agree nor disagree 45
Disagree 186
Strongly disagree 130
Total 1,233
Missing 8

My hand hygiene can be improved, | sometimes make mistakes

n
Strongly agree 376
Agree 145
Neither agree nor disagree 67
Disagree 479
Strongly disagree 167
Total 1,234

Missing 7
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valid %
94.2
5.6

0

0.2

0

100

valid %
70.6
27.5
1.0

0.3

0.6

100

valid %
23.3
47.4
3.6
151
10.5
100

valid %
30.5
11.8
5.4
38.8
13.5
100



Of the respondents, 79.8% strongly agreed with the statement that they always
followed the hand hygiene protocols, while only 23.2% strongly agreed their co-
workers always followed the hand hygiene guidelines (p<0.001). Most
respondents rated their own knowledge of the hand hygiene guidelines as good,
although many admitted that they sometimes performed their hand hygiene less
thoroughly and not completely in accordance with the guidelines (Table 6). A
majority (92.0%) agreed that monitoring would improve hand hygiene
compliance at their clinics, but significantly fewer (47.6%) thought monitoring
would improve their own hand hygiene compliance (p <0.001). Of the
respondents, only 15.8% believed their coworkers would remind them if they
forgot to perform hand hygiene correctly.

The respondents' suggestions for how to improve hand hygiene compliance
mostly focused on better placement of hand hygiene facilities and dispensers, as
well as the importance of good maintenance of hand hygiene facilities and
allocating sufficient resources (time/personnel) for hand hygiene adherence to be
possible. Many also suggested recurring education combined with practical hand
hygiene training and assessment of performance. One respondent commented:

We update our CPR skills annually, but not our hand hygiene skills. To be honest,
I could probably use some training. I graduated almost 15 years ago and haven’t
received any real hand hygiene training or feedback after that.

Another common suggestion was to have infection control explicitly prioritized
over conflicting demands. Having incentives in the organization for good hand
hygiene was also mentioned by several, as well as creating a positive culture that
supports good hand hygiene. Some respondents emphasized the importance of
having good role models and acting as good role models themselves.
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DISCUSSION

Main findings

The overall aim of this project was to render a better understanding of endodontic
infection control in general dentistry. The main findings were that the general
dentists were mostly aware of recommended infection control guidelines and
mostly stated they followed those guidelines. For example, the vast majority
reported using a dental dam during root canal treatments. However, the result
from the clinical study (IV) indicated insufficient endodontic aseptic control in
general dentistry.

Environmental context and resources were the foremost identified barriers to
good hand hygiene; predominantly time-related shortages were perceived as a
barrier. This was also mirrored in the identified recurrent theme “conflicting
demands”, which was seen as a main barrier to hand hygiene adherence in
particular, but also to infection control in general, and even to pandemic protocols
during an ongoing pandemic.

Although most considered their knowledge of, and adherence to, hand hygiene
protocols as good, several findings indicated that, in reality, hand hygiene
awareness and adherence may be lacking. Also, there may be a lack of
understanding of the microbiological aspects of endodontic diseases and
treatments, which could have a negative effect on the clinical implementation of
endodontic infection control.

Methodological considerations

The advantage of using a questionnaire is that more respondents can be targeted
at the same time. However, there are communication barriers in a written
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questionnaire that can give inaccurate results, as both questions and responses
may be understood differently than was intended.

There are also limits to self-reported data. People can hold conflicting ideas and
beliefs, which can make them answer in self-contradictory ways, or they may
respond based on what they believe is the correct or normative answer (99). Self-
assessment of infection control adherence has been found to be unreliable, with
small correlations between perception of skill and objective performance (41, 55,
100). The self-reported performance of, for example, post-operative follow-ups
(IT) and hand hygiene (V) could differ from what is truly performed in clinical
practice, as there is a risk of recall bias when only asking someone what they do
and not assessing the actual behavior as a comparison. It is also more difficult to
perform self-assessment accurately when the assessed behavior or outcome is not
clearly defined (100). For example, the general dentists’ self-assessed endodontic
success rate (I) could have been lower if we had included the European Society
of Endodontology’s definition (56) of a favorable treatment outcome in the
questionnaire.

When assessing dental health care workers’ experiences during COVID-19 (III)
and perceived barriers and facilitators to hand hygiene adherence (V), a cross-
sectional, mixed methods approach was used. The idea was that by using both
open-ended and closed-ended questions and analyzing them separately and
together, a more well-rounded picture would be achieved. However, there are
challenges in converting qualitative data into quantitative and it can come at a
cost; there is always a risk that something will be lost in translation (101).
Reducing the data to a single dimension can result in losing important
relationships and patterns. Another challenge lies in the categorization itself, as
categorizing any factor or process as, for example, a barrier or facilitator may
reduce complex processes into simplified statements. The TDF framework also
has limitations. It does not specify relationships between each of the determinant
areas and cannot show that the intention is directly related to the behavior (96,
97). However, this does not necessarily have to be a problem since the framework
is mainly designed for practical use to find interventions to change behavior.

Study I and II could have benefited from either a mixed methods approach where
the general dentists’ thoughts and reflections could have been collected through
open-ended questions, or from a follow-up in-depth interview study. For both
Study I and V, it would have been of value to add observational data to compare
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the respondents’ views and self-assessments of, for example, hand hygiene
adherence with what is performed in daily clinical practice.

A possible limitation to both Study IV and V is that they were performed during
a global pandemic. It is likely that the awareness of the importance of infection
control measures was heightened at the time, which may have affected the results.
Performing a clinical study (IV) during a pandemic also came with some
limitations and unforeseen adaptations. Access to the general dentistry clinic was
very restricted, making it difficult to assess if research protocols were being
followed. This also led to another limitation in Study IV: the lack of
randomization of the protocols at the general dentistry clinic, which added a
confounder to the results regarding the differences between the two disinfection
protocols.

In Study IV, the true number of positive samples could be higher than was
detected. Culture-dependent studies have low sensitivity since they cannot detect
difficult-to-grow or uncultivable microorganisms (9). A negative sample does not
necessarily mean viable microorganisms were absent, but rather that there were
no cultivable viable microorganisms present. Furthermore, the presence of viable
microorganisms on the operative field does not automatically mean there is a high
risk of root canal infection, since far from all microorganisms can adapt to the
endodontic niche (9, 102). Since the aim of the study was to assess the ability of
general dentists to reduce the number of contaminating bacteria to a non-
cultivable level, and compare the result with that of endodontic specialists, no
further analysis of the species and origin of the microorganisms was performed.
Such an analysis could have offered a better understanding of the potential
sources of contamination and the risk of root canal infection occurring.

Infection control

The self-reported use of dental dam in Study I was high. The result is relatively
similar to other reports from Sweden and Norway, where 90% of Swedish general
dentists and 86.9% of Norwegian general dentists stated they use a dental dam
during root canal treatments (103, 104). However, as there is often a discrepancy
between self-reported and observed infection control adherence, the high number
of general dentists stating they routinely use a dental dam should be interpreted
with caution. Nevertheless, it is in itself a positive result that most respondents
said they use a dental dam routinely, as it shows they at least know they are
supposed to isolate the tooth with a dental dam during root canal treatments.
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Another positive finding is that most respondents reported disinfecting the
operative field, which suggests an awareness of the importance of infection
control measures during endodontic treatments.

The level of bacterial contamination seen in the samples collected from the
operative fields in general dentistry (IV), indicates poor aseptic control. It is likely
that inadequate isolation of the teeth contributed to the results in general dentistry,
as significantly more positive samples were collected from the buccal sample site
(close to the contact point between dental dam and tooth) than from the access
cavity sample site. The disinfection process could also have been performed too
swiftly, and contact time matters when it comes to disinfection (58, 105).

Although neither general dentists nor endodontic specialists achieved complete
operative field asepsis, a significantly higher level of contamination was found in
general dentistry. Dental dam application and operative field disinfection are not
complicated procedures, so there is no reason there should be a significant
difference in the operative field asepsis between general dentists and endodontic
specialists. The observed differences probably simply reflect the time and effort
spent on isolating and disinfecting the operative fields. It also likely reflects the
dentist’s level of awareness of the basic pathological issues endodontic treatments
encompass.

The results in Study IV showed that 30% hydrogen peroxide followed by either
5% iodine tincture or 0.5% chlorhexidine in 70% alcohol solution can be effective
means to reduce the number of microorganisms on the operative field to a non-
cultivable level. The observed difference between the iodine protocol and the
chlorhexidine protocol may not reflect a true difference in the efficacy of the
antimicrobial solutions, as confounding factors may have affected the result. In
general dentistry, it could be the consequence of different participating dentists’
infection control skills. At the endodontic specialist clinic, the observed
significant difference between the protocols at the access cavity sample site may
simply be the consequence of the specific teeth being treated and sampled. The
presence of irregular surfaces and previous fillings could have made the particular
surfaces more difficult to clean adequately (58). This highlights the importance
of mechanical cleaning before disinfection (33). Removing dental plaque
biofilms by, for example, polishing the teeth before disinfection, reduces the
microbial burden and increases the biocides' ability to work effectively.

From the responses regarding hand hygiene adherence in Study I and V, it may
be surmised that there is room for improvement of hand hygiene competence and
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compliance in general dentistry. Although most respondents assessed their own
hand hygiene adherence as good, other responses showed that the adherence may
be less than optimal. For example, when the respondents were asked when they
performed hand hygiene during non-surgical endodontic treatments, there were
few respondents who performed hand hygiene in complete accordance with the
guidelines. The World Health Organization’s guidelines state that hand hygiene
should be performed before touching a patient, before clean/aseptic procedures,
after procedures involving risk of exposure to body fluids and after glove
removal, after touching a patient, and after touching patient surroundings (26).
Approximately half of the respondents performed hand hygiene before initiating
aseptic work, and less than a third when changing gloves or after touching non-
sterile surfaces.

Another finding was that 10.5% of the general dentists did not use hand
disinfectant at all during root canal treatments. All of those respondents reported
using gloves during non-surgical endodontic treatments. This implies that the
dentists who stated that they did not use hand disinfectants during endodontic
treatments were either wearing the same pair of gloves during the entire treatment
or changing gloves without performing hand hygiene before donning new gloves.
Research has shown that gloves get increasingly contaminated during treatment,
making them potential vectors of transmission (19, 21). Also, gloves do not
provide complete protection against hand contamination; pathogens may gain
access via small defects in the gloves or by contamination of the hands during
glove removal (26). A study found that 52.9% of glove removals resulted in
contamination of either skin or clothing (106). If the hands are not clean when
donning new gloves, the microorganisms on them will be transferred to the
outside of the new gloves (26, 106). Since hand hygiene is the cornerstone of
infection control, and proper infection control is critical to successful endodontic
treatments, there is a need to improve general dentists' awareness of the risks of
contamination associated with poor hand hygiene and improper glove use during
endodontic treatments.

Another indication that hand hygiene may be lacking could be found in Study V.
While the majority strongly agreed that they always followed the hand hygiene
protocols, less than a quarter strongly agreed that their co-workers always
followed the protocols. This is in line with what has been reported in other
studies; health care workers often report a higher level of compliance than that of
their coworkers (41, 43, 44). Although the respondents' views cannot be
completely ignored without additional observational data, from a mathematical
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point of view, the numbers do not add up, indicating inadequate self-assessment.
Faulty self-assessment is not necessarily the result of dishonesty but may rather
result from the inherent difficulties of performing adequate self-assessment (100,
107, 108). The dental health care workers may simply not be aware of their own
mistakes—but may have noticed their coworkers’ mistakes. However, flawed
self-assessments can cause obstacles in the improvement of infection control
adherence.

Although most respondents rated their own knowledge of, and compliance with,
hand hygiene protocols as very good, many respondents admitted not performing
hand hygiene in complete accordance with the guidelines. The question is why
individuals who admit they do not always follow the guidelines still assess their
own hand hygiene adherence as good. Perhaps they have the intention to adhere
to the hand hygiene guidelines, but are influenced by other factors, which result
in nonadherence in certain situations. Also, their definition of good hand hygiene
perhaps simply means they follow the protocols to the extent they find
manageable in their everyday work.

Since the goal of endodontic treatment is to either prevent apical periodontitis or
remove the microorganisms that cause apical periodontitis from the root canal
system, it is important to maintain aseptic conditions during the entire course of
treatment. This fundamental knowledge should be at the forefront of the
clinician's mind when performing endodontic treatments, as every step of the
treatment depends on the previous step for its cumulative effectiveness. If hand
hygiene is lacking, and isolation and disinfection are not performed adequately,
subsequent steps will suffer, and negatively impact treatment outcome (19, 21,
65-69). Having a basic microbicidal intent is important for successful endodontic
treatment, which means that allocating sufficient time to properly isolate and
disinfect the operative field, keeping track of application times, and maintaining
good hand hygiene are primary requirements.

Knowledge

Knowledge is fundamental for effective infection control (26, 27, 109). Lack of
knowledge of infection control guidelines and of potential risks of transmission
of microorganisms constitutes barriers to infection control compliance (26, 52,
86). Therefore, education is often seen as a cornerstone of improvement of
infection control practices (27, 82, 109).
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In Study II, almost half of the general dentists estimated their endodontic success
rate to be over 90%. This shows that many have a high level of self-confidence
in their ability to perform endodontic treatments. Similar findings have been
reported in other studies (72, 110). At the same time, over half of the respondents
either did not know or did not believe the initial diagnosis had an impact on the
outcome of endodontic treatments. The respondents who did not believe the
initial diagnosis could impact treatment outcome were also more likely to
estimate their success rate as the highest. This suggests a lack of understanding
of microbiological factors’ influence on the outcome of endodontic treatments.
The potential lack of microbiological understanding is a troubling notion, since it
may impact how meticulously infection control measures are performed.

A contributing factor to these findings may be a lack of feedback on performance.
Less than half of the respondents performed follow-ups one year after root canal
treatment, and more than a quarter did not have a set routine for endodontic
follow-ups. Without systematic follow-ups, the dentists will not gain knowledge
about their performance. Another contributing factor to the good self-confidence
regarding treatment outcome may also lie in how the dentist defines a successful
treatment outcome. While the European Society of Endodontology defines a
favorable outcome as an absence of symptoms, no sinus tract, no loss of function,
and a normal periodontal ligament space around the root (56), some dentists
instead used “functional retention” (111) as their definition of a successful
outcome, or simply defined it as being able to complete the root canal treatment
with no mishaps occurring. This lends support to the notion that some dentists
mainly see endodontic treatments as a technical procedure performed to keep a
patient symptom-free rather than a way of treating and preventing infection (72,
112).

Endodontic treatments can be technically challenging procedures. There is a risk
that those technical difficulties eclipse the biologically important factor of intra-
canal bacterial load control. As Noyes (113) concluded over a hundred years ago:

We are not trained to think in terms of biological concepts, but we are to act in
mechanical procedures.

This may lead to a disconnect between the technical and biological elements of
endodontic treatments; where dentists mostly focus on the technical aspects and
lose track of the microbiological aspects of disease management. Furthermore,
the treatments must be performed within the limits of the compensation system
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and balanced against other patient-related and organization-related factors, which
may further lower the focus on the microbiological aspects.

Many dentists may be blissfully unaware of their shortcomings in endodontic
infection control, especially since they usually do not receive direct feedback on
the results. If an exacerbation occurs, or if the root canal treatment fails months
or years later, inadequate infection control may not be the first thing the dentist
attributes the failure to.

A lack of feedback was also discovered regarding hand hygiene (V). A false
belief about the adequacy of one’s hand hygiene is considered a major obstacle
to hand hygiene adherence (43). Few respondents mentioned being regularly
monitored or receiving individual feedback on hand hygiene performance. The
likelihood of feedback spontaneously being given within the workgroups was
also low. Monitoring and feedback improves hand hygiene compliance by
revealing discrepancies between perceived and actual hand hygiene behavior (26,
114, 115). Without feedback, the dental health care workers will not gain
awareness of shortcomings that may be essential for changing their behavior.

Many respondents also called for more continuing education and practical
training of infection control skills (III, V), often together with monitoring and
assessment of performance. Although, for example, hand hygiene is not a
complicated procedure, it is still a skill that needs to be maintained, which makes
periodic education and training important (116, 117). Respondents who had
received practical training and feedback on infection control measures during the
pandemic also stated it had contributed to an increased sense of safety.

In Study II, it was found that almost a fifth of the respondents based their
endodontic management of patients solely on their undergraduate training.
Although newly graduated dentists are expected to possess the skills and
knowledge to perform a wide range of clinical procedures independently, the
undergraduate training probably cannot cover all aspects of endodontology in the
depth needed in daily clinical practice (94). Lifelong learning is required to stay
current and to improve knowledge and skills, so the patients can receive optimal
endodontic care. Unfortunately, a third of the respondents had not attended any
continuing education in endodontics.

A majority of the respondents who had attended continuing endodontic education
stated that they used it as a source of knowledge in their clinical management of
patients. Research also shows that continuing dental education can play a key role
in changing practices (118, 119). However, the outcome of endodontic treatments
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does not automatically improve by attending continuing endodontic education
(103, 120, 121). In order to sustain significant changes, there must be an
awareness of the need for change and the motivation to implement those changes
(122). Implementation also relies on the change being not only credible but also
feasible, and that it can be sustained at a reasonable cost (123).

Barriers and facilitators

Infection control is always highly relevant in clinical practice, but the importance
of infection control became even more evident during the COVID-19 pandemic.
The question is what happened during that critical situation when infection
control should be in the forefront of everyone’s mind? In most cases, clinical
activities were reduced when infection control commodities were scarce.
However, one in seven respondents reported instead being asked to adapt their
infection control measures to the availability of infection control products. This
means that in a situation where infection control would indeed be expected to be
prioritized over competing demands, some facilities/organizations found it more
important to keep operations running than to comply with standard precautions,
which is a troubling finding.

In Study V, the TDF domain “environmental context and resources” (time,
workload, facilities, supplies), was found to be the dominant barrier to hand
hygiene adherence. The TDF domain “attention, memory, cues, cognitive affect,
and decision-making” (cognitive stress, choosing not to perform hand hygiene in
certain situations) was also perceived as a major barrier. Lack of reinforcement
(no monitoring, incentives or peer feedback) and negative social influences
(conflicting messages/demands, lack of support, negative role models) were also
perceived as barriers to hand hygiene adherence. These barriers are consistent
with those seen in other health care settings, where time constraints, high
workloads, lack of support, and suboptimal facilitating conditions are often
reported to be barriers to hand hygiene adherence (36, 51, 52, 87, 88).

In Study V, it was shown that very practical aspects, such as having hand hygiene
facilities easily accessible, well stocked, and enough time to perform hand
hygiene properly, were perceived to have a major impact on hand hygiene
adherence. Research from other areas of health care also emphasizes the
importance of the location of hand hygiene facilities and having enough time
allocated to be able perform hand hygiene correctly (26, 37, 52, 86). The question
is why this barrier remains if it is well known that the adequacy of resources is
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essential to compliance. One likely explanation is that underlying factors
influence the identified barrier. A resource such as time is likely to be affected by
other resources such as, for example, monetary resources. Another possible
causal factor is organizational culture, which is often found to influence hand
hygiene compliance (26, 44, 52, 124). The value the facilities/organizations
placed on infection control was also raised by many respondents in Study III and
V, as several mentioned that infection control was not being prioritized over
conflicting demands. If the organizational culture prioritizes competing concerns
over infection control measures it will negatively impact the safety culture in the
organization (125).

Infection control guidelines and assessments of infection control compliance
often assume that dental professionals are always in full control of the decision
to perform infection control procedures. However, infection control behavior is
the consequence of many different influences (52, 53, 80, 81, 88, 110, 118, 126,
127). Dental professionals may be confronted with several competing priorities
and conflicting demands that affect their ability to fully comply with the
guidelines (119). When the action is not in accordance with best practice, it may
be the result of trade-offs with different consequences. For example, the context
in which a dentist operates, such as scheduling, time pressure, the safety climate
at the clinic, and the design of the compensation system, may also affect infection
control behavior (38, 49, 70, 77, 79, 124, 125). In a recent study in Finland, the
compensation system was found to impact the use of dental dam. Dental dam use
was more frequent when root canal treatment was performed by salaried dentists
than by fee-for-service dentists (43.9% vs 9.9%, p<0.001) (79).

In Study IV, the results showed that general dentists are able to achieve a higher
level of operative field asepsis than they perhaps usually accomplish. Most of the
negative samples were collected during the first half of the study, while during
the second half there was a sharp increase in the number of positive samples, and
in the final stage most of the collected samples were positive. A possible factor
behind the observed trend may be that the novelty of participating in the study
wore off. Another contributing factor could be the timing, as the study began
during the first year of the COVID-19 pandemic. At that time, the general dentists
at the participating clinic mainly treated emergency cases and had more time set
aside for each patient. It is also likely that they had an increased awareness of the
importance of infection control. At the end of the study, the general dentists were
back on a more regular schedule, which means they had less time for, or perhaps
even interest in, infection control measures.
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Outbreaks have been found to be associated with increased awareness and
improvements in infection control adherence in health care, but health care
workers then often rapidly fall back into old habits (128-131). For example, a
significant increase in health care workers’ hand hygiene adherence was observed
at the onset of the COVID-19 pandemic, but the adherence returned to pre-
pandemic levels less than a year into the pandemic (130, 131). This indicates that
enhancements in infection control may be possible in a context that enables
practice change, but also that continuous efforts are required to maintain practice
change.

In Study V, most facilitators to hand hygiene adherence were a mix of individual,
social, and organizational factors; for example, beliefs about consequences (self-
protection/patient protection), knowledge (own knowledge, receiving education),
skills (own skills, receiving training and assessment), and social influences (being
a good influence, receiving support/encouragement). The impact that knowledge,
skills, and social influences have on hand hygiene adherence has also been
identified in other areas of health care (26, 37, 44, 52, 81, 82).

Since attitude and knowledge affect infection control performance, continuous
efforts to raise awareness of the microbiological elements of endodontic
treatments and the importance of infection control could have a positive effect
(80, 82). For example, there seems to be a lack of awareness of the correct way
to maintain good hand hygiene during endodontic treatments (I), which could be
met with educational efforts. However, it is important to not overestimate the
significance of education in behavior change (87). Knowledge alone does not
ensure infection control adherence (26, 72, 132). Training is also needed to
reinforce that knowledge (26, 117), a notion supported by many respondents who
called for more practical infection control training (I1I, V).

The importance of social influences should not be underestimated, either as a
facilitator or a barrier, which was well reflected in the respondents' comments.
The importance of acting as a good role model was highlighted by several
respondents, and the actions of others were often described as having a direct
impact on one's ability to perform hand hygiene correctly. Health care workers'
compliance with hand hygiene guidelines has often been found to be influenced
by the actions of others from a peer or organizational perspective (52). Pittet ef al.
(133) demonstrated that physicians’ perception of being role models to colleagues
had a positive influence on their hand hygiene compliance. By contrast, social
influences can also reduce compliance; negative role models can be highly

54



influential, and poor practices can be learned and copied (134). In addition, the
negative impact which low organizational commitment has on compliance has
been described by several authors (36, 52, 133, 134).

In Study III and V, many respondents saw monitoring as a facilitator to infection
control adherence. For example, the majority thought it would improve hand
hygiene compliance—at least among their coworkers. There are often weak
correlations between self-assessment and performance, which means that people
misestimate their abilities (107). Unfortunately, those misestimations are also
often overestimations (100, 107). Yet relatively few respondents mentioned
being regularly monitored or receiving individual feedback. Providing
performance feedback would therefore be of value to help dentists and other
dental health care workers better assess their own infection control skills. Without
feedback, they may be completely unaware of the adequacy of their skills and
whether interventions are needed to change their practices.

The fact that some respondents reported feeling pressured to cut back on their
infection control measures to cope with conflicting demands points to a serious
barrier to infection control compliance. It is important to address the value
judgments underlying such situations and compromises. It is the professional
responsibility of both the individual personnel and the facilities/organizations to
ensure good infection control. Consideration should be given to ethics and values
when deciding the prioritization of such conflicting demands. The results showed
that infection control requires more concrete support in the workplace. The dental
professional must be provided with adequate resources (supplies, time, education,
and training) to be able to perform infection control correctly. Also, more ongoing
assessment of infection control performance, including monitoring, would be of
value to encourage adjustment to work practices when required.
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CONCLUSIONS AND FUTURE
CONSIDERATIONS

Endodontic treatments are not performed in a vacuum. Most are performed in
general dentistry clinics, where a root canal treatment is just one of many different
treatments performed in a day. Endodontic infection control is not only a result
of the knowledge and interest of the individual dentist but is also influenced by
various other factors. To improve endodontic infection control, the context in
which the treatments are performed must also be considered.

Although most general dentists reported taking steps to establish and maintain
asepsis during endodontic treatments, few respondents performed hand hygiene
fully in accordance with the guidelines. One in 10 did not use hand disinfectant
at all during root canal treatments. The clinical study also demonstrated
inadequate endodontic operative field asepsis in general dentistry. The
significantly higher level of contamination found in general dentistry likely
reflects the time and effort spent on establishing operative field asepsis. If the
hand hygiene is inadequate, and isolation and disinfection are not carried out
satisfactorily, it may negatively impact treatment outcome.

Over half of the respondents either did not know or did not believe the initial
diagnosis affected the outcome of their endodontic treatments. This suggests that
many general dentists may underestimate the impact of microbiological factors
on the outcome of endodontic treatments, which may be a contributing factor to
the observed inadequate operative field asepsis. Some dentists may also receive
insufficient feedback on their performance in endodontics, as more than a quarter
did not have a fixed routine for follow-up. Some dentists may also find it difficult
to stay current in their practice, as a third of the respondents had not had access
to any continuing education in endodontics. Lack of both feedback and
continuing education, combined with insufficient understanding of the influence
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of microbiological factors on treatment outcome, may result in poorly performed
endodontic treatments.

While dental health care workers may have the intention to adhere to infection
control protocols, they are influenced by many other factors, which may cause
nonadherence. One such identified factor was resources (time, facilities,
supplies), which was perceived to have a major impact on the ability to comply
with best practice. Another factor was a lack of recurring education, training,
assessment, and feedback. Conflicting demands and conflicting messages were
also often-mentioned barriers, highlighting the impact that organizational
commitment and social influences have on infection control adherence. The
results showed that, to be successful, infection control requires tangible support
in the workplace. Further attention must be given to the settings in which the
general dentists operate, as the possibility and freedom to choose different actions
may be limited by factors in the environment and in the organization. The dentists
must be provided adequate resources and support to be able to perform
endodontic infection control correctly.

The future challenge is to raise awareness in general dentistry about the
microbiological aspects of endodontic treatments and the critical importance of
infection control. It is vital to not only emphasize the importance of using a dental
dam during non-surgical endodontic treatments, but also the importance of simple
standard precautions such as proper hand hygiene and surface disinfection. The
process will likely have to include a critical appraisal of the undergraduate
endodontic training, as many respondents based much of their endodontic
management of patients on their undergraduate training. The importance of
endodontic infection control must also be emphasized in continuing dental
education to increase knowledge and hopefully also adherence.

Further inquiries into what affects general dentists’ endodontic infection control
performance in their daily clinical practice are warranted, especially regarding
hand hygiene and the use of gloves during endodontic treatments. It would be of
great value to add more observational data to compare self-assessments with what
is actually performed in clinical practice. Longitudinal qualitative observational
studies could also provide further insight into barriers and facilitators to
endodontic infection control in general dentistry. To help ascertain robust
methods for the establishment of endodontic operative field asepsis, it would be
of value to further investigate whether the observed difference in efficacy
between the two protocols used for operative field disinfection in Study IV was
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a solely result of confounding factors or a truly significant difference: preferably
the evaluation should be performed using both culture-dependent and molecular
methods.

Lastly, improved endodontic infection control will not miraculously eradicate
endodontic infections; however, it may make post-treatment apical periodontitis
a less common condition, which would be a major improvement both from the
individual patient's perspective and from a public health perspective.
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ABSTRACT

Objective: The purpose of this study was to investigate endodontic infection prevention and control
routines among general dental practitioners in Sweden and Norway.

Materials and methods: A questionnaire was sent by email to 1384 general dental practitioners
employed in Sweden and Norway. The participants were asked questions concerning different aspects
of infection prevention and control during endodontic treatment; use of rubber dam, sealing of rubber
dam, antibacterial solutions, and use of hand disinfectant and gloves.

Results: The response rate was 61.4% (n: 819). 96.9% reported routinely using rubber dam during
endodontic treatment. 88.3% reported always, or sometimes, sealing the area between rubber dam
and tooth. Most disinfected the endodontic operative field, but the antibacterial solutions used varied.
11.9% did not use gloves at all during treatment, and 10.5% did not use hand disinfectant dur-
ing treatment.

Conclusions: Most of the general dental practitioners took measures to establish and maintain asep-
tics during endodontic treatment, which infers an awareness of the importance of endodontic infec-
tion prevention and control. But the results were self-reported and there may be a gap between
claimed and actual behaviour. Further studies using observation methodologies are needed to assess
how infection control routines are performed in everyday clinical practice.
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Introduction and an underestimation of how microbiological factors influ-
ence the prognosis for root canal treatment [7-9].
Although new and improved techniques for instrumenta-

tion and root filling have been introduced over the last cou-

Apical periodontitis is caused by microbial infection of the
root canal [1]. The main aim of endodontic treatment is to

remove the infection and prevent infection of the root canal
system. Strict aseptic procedures and high technical stand-
ards are essential for successful treatment outcomes [2].
Aseptic and antiseptic routines are considered a fundamental
principle in endodontics since the introduction of microor-
ganisms into the root canal during treatment can occur
when the aseptics are not properly maintained [3].

There are studies which show that not all root canal infec-
tions are attributable to the patient’s own microflora but are
rather of exogenous origin [3-5], which indicates a failure to
avoid contamination during endodontic treatment.

The European Society of Endodontology has formulated
quality guidelines for endodontic treatment that define the
acceptable standard of care in endodontics [6]. However,
studies have reported that most dentists do not follow these
guidelines [7,8]. Internationally, considerable variation has
been shown in the quality of clinical endodontic procedures
performed by general dental practitioners (GDPs). Studies
have shown poor aseptic control; low usage of rubber dam,

ple of decades, no reduced amount of apical periodontitis is
seen in the population [10,11]. Root fillings made by special-
ists, or at dental student clinics under the supervision of spe-
cialists, have a better outcome than treatments that are
carried out in general dental care [12-14]. There is a differ-
ence between what is achievable and what is achieved by
GDPs, and we can only speculate about the reasons for this.
Cross-sectional analysis of endodontic treatments carried out
in the general practice of dentistry [10,11,15] suggests that
dentists, in general, may have a problem eliminating micro-
organisms in infected root canals. It may be assumed that
not only by optimizing the root-filling quality in general
practice but also by improving the aseptic and antiseptic
approach, the treatment outcome, as well as general oral
health, would improve.

The occurrence and complications from healthcare-associ-
ated infections is a well-recognized health problem. The
World Health Organization states that infection control prac-
tices, and especially hand hygiene, are very cost-effective
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interventions to prevent infections and reduce the risk of
antibiotic resistance [16]. But research suggests that health-
care professionals clean their hands much less often than
they say they do [17,18] and it has been shown that health-
care professionals’ hand hygiene is poor even when they
know they are being observed [18].

In order to know if any changes are needed to improve
the endodontic infection control in general dental care, we
first need to find out what infection control routines the
GDPs use in their everyday clinical work.

Aim
The aim of this study was to assess the self-reported routines

regarding endodontic infection prevention and infection con-
trol among GDPs.

Materials and methods

An invitation to participate in the present questionnaire sur-
vey was sent by email to all GDPs working in the public den-
tal care in Vastra Gotaland County (n: 635) and Skane county
(n: 349) in Sweden, all GDPs employed by a private dental
care chain in Sweden (n: 169), and to all GDPs working in
the public dental care in Trendelag, Mgre og Romsdal, and
Telemark county in Norway (n: 231). The questionnaire was
written in Swedish and translated into Norwegian. The ques-
tionnaire was reviewed by a statistician at the University of
Gothenburg and piloted by 3 GDPs, after which the ques-
tionnaire was modified in accordance with their comments,
mostly by being re-worded to clarify the questions.

The questionnaire consisted of 16 questions concerning
different aspects of infection control measures during endo-
dontic treatment, e.g. the use of rubber dam and isolation
methods, the choice of antibacterial agents and canal irri-
gants, and routines regarding usage of alcohol-based hand
disinfectant and medical examination gloves (Supplementary
material). The questionnaire also contained questions regard-
ing the GDPs' age, gender and year of graduation. The ques-
tionnaire  was  accompanied by an  explanatory
covering letter.

The questionnaire was distributed to the recipients using
esMaker (Entergate AB, Sweden) during three periods:
December 2015-January 2016 to the GDPs working in Vastra
Gotaland County and the private dental care chain, October
2016-November 2016 to the GDPs in Norway, September
2017-October 2017 to the GDPs in Skane County. The survey
was fully anonymous. Two reminders were sent to all recipi-
ents with an interval of two weeks in between.

Statistical analysis

The collected data were analyzed using the statistical pack-
age SPSS version 24 (SPSS Inc., Chicago, IL). A non-response
analysis was carried out. Blanks and invalid answers were
counted as missing values. Only valid responses were
included in the descriptive analysis, where absolute and rela-
tive frequencies were determined. Simple descriptive
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statistics were used together with Pearson’s chi-squared test
and Fisher's exact test. Data were considered significant with
p < .05 and all tests were two-tailed.

Results

Of the original 1384 questionnaires, 51 could not be deliv-
ered because the recipient had relocated or retired. Of the
remaining 1333 questionnaires, 499 were not returned, and
15 questionnaires were returned blank or with information
that the recipient was not a GDP, did not work clinically or
did not perform any endodontic treatments. The overall
response rate was 61.4%. The questions were answered by
98-100% of the participants. The non-response analysis
showed an even gender and age distribution compared to
the full target sample.

Most respondents (88%) worked in public dental care.
Fifteen per cent of the respondents worked in Norway, 85%
in Sweden. There were no significant differences between
the countries, or counties, regarding the distribution of gen-
der, age or years in the profession. Median year of birth was
1976, median year of graduation was 2005 and most
respondents were female (Table 1).

Most GDPs reported routinely using rubber dam during
endodontic treatment (Table 2), but three of those com-
mented that there were occasions when they did not use a
rubber dam. Some differences were noticed between
Norway and Sweden: 86.4% of the Norwegian GDPs used
rubber dam routinely, compared to 98.7% of the Swedish
GDPs (p < .001); 11% of the Norwegian GDPs reported iso-
lating the tooth with cotton rolls, compared to 0.7% in
Sweden (p < .001); 6.6% of the Norwegian GDPs did not
use rubber dam at all, compared to 0.4% in Sweden (p
< .001).

Regarding sealing of the area between rubber dam and
tooth (Table 2), some significant differences could be noted:
33.1% of the Norwegian GDPs did not attempt to seal the
area between rubber dam and tooth, compared to 6.3% of
the Swedish GDPs (p < .001); GDPs who had less work
experience (graduated after 2006) were more likely to seal
the area between rubber dam and tooth compared to the
GDPs with longer work experience (p < .001); female GDPs
were also more likely to seal the area between rubber dam
and tooth than male GDPs (p = .002).

Most GDPs disinfected the operative field (Table 2), but
differences could be noted between Sweden and Norway:
80.2% of all the Swedish GDPs used 30% H,0,, compared to
2.4% of the Norwegian GDPs (p < .001) and 62.9% of
the Norwegian.

GDPs solely used 0.5% chlorhexidine (CHX) in 70% alcohol
to disinfect the operative field, while 78.4% of the Swedish

Table 1. Characteristics of participating general dental practitioners.

Age n % Graduationyear n % Gender n %
72-65 31 38 <1975 26 32 Female 518 63.6
64-55 172 213 1976-1985 136 16.7 Male 282 346
54-45 116 144 1986-1995 113 139 Prefernottosay 14 1.7
44-35 193 239 1996-2005 147 181

34-24 295 36.6 2006< 390 48.0
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Table 2. Isolation and disinfection routines during endodontic treatment.

Isolates the tooth with n % Sealing rubber dam n %
Nothing 4 0.5 No 83 10.3
Rubber dam 781 96.9 Always 421 519
Cotton rolls 18 22 Sometimes 294 36.4
Other® 3 0.4 Do not use rubber dam 1 14
Methods used to seal® n % Disinfection of operative field® n %
Dental floss 259 316 30% H,0, 436 532
Oraseal 334 40.8 3% Hy0, 83 10.1
Liquid rubber dam 226 276 0.5% CHX in 70 % alcohol 456 55.7
Other® 161 19.7 5-10% iodine tincture 320 36.6
Do not seal 74 9.0 0.5-1 % NaOCl 25 3.1
Other? 36 40
Do not disinfect 10 12
?Saliva ejector and/or liquid rubber dam.
PMultiple answers possible.
“Mainly glass ionomer or composite.
IMainly 75-95 % alcohol-based disinfectant.
Table 3. Use of gloves and hand disinfectant during endodontic treatment.
Gloves n % Hand disinfectant n %
During entire course of the treatment 463 57.0 No 85 10.5
Before operative field has been disinfected 235 289 Yes 727 89.5
After operative field has been disinfected 18 22
Do not use gloves 97 1.9
dentists used a combination of 30% H,0,, and either 5-10% Discussion

iodine tincture or 0.5% CHX in 70% alcohol solution.

All the respondents irrigated with sodium hypochlorite
(NaOCl) during instrumentation, with 0.5-1% NaOCI being
most frequently used. 3.5% of the respondents used NaOCI
of a higher concentration. 67.2% of the GDPs always used
additional antibacterial irrigants before obturation of the
tooth at one-visit treatments. 46.9% of the Swedish GDPs
used 5% iodine potassium iodide (IKI) as an additional irri-
tant at one-visit treatments, compared to 0.8% of the
Norwegian dentists (p < .001). Within Sweden, there was a
significant difference in the use of 5% IKI; 68% of the GDPs
who had received their basic training at the University of
Gothenburg used 5% IKI, compared to 28.8% of the
Swedish GDPs who had attended other universities (p
< .007).

95.9% of the GDPs reported always using an intracanal
dressing between appointments, and the majority of those
(99.4%) used calcium hydroxide paste.

Although most reported using hand disinfectant and
gloves (Table 3), some significant differences were noted:
97.5% of the Norwegian GDPs used gloves during the entire
course of the treatment, compared to 49.8% of the Swedish
dentists (p<.001). 13.7% of the Swedish GDPs reported not
using gloves at all, compared to 1.6% of the Norwegian
GDPs (p < .001); 16.1% of GDPs in Norway reported not
using hand disinfection during treatment, compared to 9.4%
in Sweden (p = .025). All of those who did not use gloves
reported using hand disinfectant during treatment, while
16.9% of those who reported using gloves during the entire
course of the treatment did not use hand disinfectant (p
< .001).

75.6% reported that the clinic they worked at had specific
clinical routines regarding endodontic aseptics, though 7.6%
reported that although the clinic had routines, they did not
follow those routines.

The reported use of rubber dam was high in this survey
compared to other reports. This could be attributable to the
wording of the question: ‘do you routinely isolate the tooth
during endodontic treatment? The interpretation could be
that they do it most of the time - but not always. Another
possibility is that the GDPs who chose to take part in this
survey may have been more interested in the subject than
those who did not respond.

The use of rubber dam varies between countries. The dif-
ferences found between Norway and Sweden in use of rub-
ber dam are quite consistent with what has been observed
in other studies. In a survey conducted by Myrhaug et al.
[19], 60% of the Norwegian GDPs reported that they always
used rubber dam, 21% reported that they often used rubber
dam, and 7% reported that they never used rubber dam dur-
ing endodontic treatment. While in Sweden, Koch et al. [20]
found that more than 90% of Swedish GDPs use rubber dam
routinely during endodontic treatment. In comparison, about
30% of the Danish GDPs said that they often use rubber
dam [21], and 19-25% of Scottish and English dentists use
rubber dam regularly [7,22].

The issue of endodontic operative field disinfection has
not attracted many studies thus far [23]. Since GDPs inter-
nationally show low compliance regarding the use of rubber
dam, it may be understandable if the question of disinfection
of the operative field has been given a low priority, but
none the less, international guidelines clearly states that the
rubber dam and tooth should be disinfected before entering
the pulp cavity [6]. Most of the GDPs reported that they dis-
infect the operative field, but the methods used vary. The
Swedish GDPs mainly used methods influenced by Moller's
thesis, in which a combination of 30% H,0, and 5% iodine
tincture was shown to reduce the number of contaminating
bacteria to a non-cultivable level [24]. Most of the



Norwegian GDPs solely used 0.5% chlorhexidine in 70% alco-
hol for endodontic field disinfection and it is unclear if that
method is sufficient to establish an aseptic operative field. It
is, of course, also difficult to know how thoroughly executed
and effective the disinfection procedures are when adapted
to the GDPs’' everyday clinical practice, since studies on
operative field disinfection have generally been carried out
at specialist clinics and have been based on thorough disin-
fection protocols that require extensive efforts in terms of
time spent [23].

Most of the GDPs used 0.5-1% NaOCI for irrigation and
calcium hydroxide paste as intracanal dressing, which is
what is taught at the dental faculties in both countries. The
differences between Norway and Sweden regarding opera-
tive field disinfection also mirror what is taught at the dental
faculties in the two countries. This indicates that the dental
faculties have the opportunity to instil a long-lasting aware-
ness of the importance of infection control that may affect
the GDPs' everyday clinical routines throughout their entire
professional careers. Noteworthy is that most of the GDPs
who worked at clinics that had specific clinical routines
regarding endodontic aseptics followed these routines, which
shows the importance of having updated endodontic infec-
tion control routines at the local dental clinics.

One out of ten GDPs did not use hand disinfection at all
during treatment, which may indicate poor hand hygiene
and risk of contamination [16,25]. Many reported using
gloves, either during the entire course of the treatment or
during part of the treatment. Commonly used medical exam-
ination gloves are not sterile and there is a risk of contamin-
ation of gloves during treatment that can cause inoculation
of bacteria into the root canal [25,26]. If the dentist uses
gloves, the gloves will need to be changed frequently during
the endodontic treatment to avoid contamination [25]. Also,
in between each glove change, the hands should be disin-
fected [16]. Some questions remain regarding the reported
use of gloves since it is not clear whether they changed
gloves during treatment or if they used the same pair of
gloves throughout the entire course of the treatment.

Although most of the GDPs reported taking measures to
prevent contamination during treatment, there may still be a
gap between self-reported behaviour and actual behaviour.
Respondents may answer questions in ways that make them
look good and this can make them over-report or under-
report, depending on the situation [27]. It is, for example,
well known that self-reported hand-hygiene practice should
be viewed with caution since actual practice is not predicted
by self-reported measures of practice [18].

Conclusions

The responses from the GDPs suggests an awareness of the
importance of endodontic infection control and a knowledge
of what measures are to be taken to establish and maintain
aseptics during endodontic treatment. But the actual imple-
mentation of hand hygiene practices and endodontic opera-
tive field aseptics cannot be solely assessed by means of a

ACTA ODONTOLOGICA SCANDINAVICA (&) 437

questionnaire and will need to be followed up with observa-
tion methodologies and interviews.
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ABSTRACT

Objective: To reduce the gap between what can be achieved in endodontic treatments and the
observed treatment outcome among general dental practitioners, the present study set out to assess
the status of the endodontic practices as regards to knowledge and self-assessed skills among general
dental practitioners in Sweden and Norway.

Material and method: The questionnaire was sent to 1384 general dental practitioners. It contained
questions regarding access to continuing education in endodontics, sources of knowledge for clinical
management of patients, post-operative follow-ups, self-assessed success-rate, and the initial diagnosis
impact on the outcome of endodontic treatments.

Results: The response rate was 61.4%. Almost half estimated their endodontic success-rate to be 90%.
About two-thirds of the respondents did not know, or did not believe, that the initial diagnosis could
affect the outcome of their endodontic treatments. Respondents who did not believe the diagnosis
could impact the outcome were more likely to estimate their success rate as the highest (p<.001).
Less than half performed post-operative follow-ups a year after treatment. A third of the respondents
had not attended any continuing endodontic education.

Conclusion: Dentists who do not receive regular feedback on their treatments may lack insight into
their own shortcomings. If this is combined with insufficient knowledge and understanding it may
result in sub-par endodontic treatments being performed. It is important to have reliable ways to com-
municate current endodontic knowledge and to establish robust methods that may help dentists
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accurately assess their own performance in endodontics.

Introduction

Epidemiological surveys have shown apical periodontitis to
be frequently associated with root-filled teeth [1]. Despite
technological advances made during the last couple of deca-
des, studies continue to find high frequencies of substandard
root fillings [2,3]. Some reports show improvement in the
quality of root fillings as assessed radiographically, but with-
out a concomitant improvement in the apical health in con-
nection with the root-filled teeth [4,5]. Of course, the real
key factor for the outcome of endodontic treatments is
whether microorganisms are present in the root canal system
or not [6], and radiographs do not tell us anything about
possible microbial contamination.

While general dental practitioners (GDPs) often report high
confidence in their clinical endodontic skills [7,8] studies show
that root canal treatments performed by specialists in endodon-
tics, or at dental student clinics, have a better outcome than
root canal treatments performed in general dental care [9,10].
Studies indicate that many GDPs lack sufficient knowledge of
the factors important in determining the outcome of root canal

treatments [7,8] and that basic principles, for instance, the asep-
tic control and follow-ups, are often ignored [8,11,12].

To reduce the gap between what can be achieved in
endodontic treatments and the observed treatment outcome
among GDPs, it seems relevant to assess the GDPs’ endodon-
tic treatment protocols and sources of knowledge. The pre-
sent study is the second part of a twofold questionnaire
survey set out to investigate different aspects of GDPs’ endo-
dontic management of patients. In the first part, infection
prevention and control measures were assessed [13]. The
aim of the present part of the questionnaire survey is to
investigate other aspects that may affect the outcome: The
status of the endodontic practices among GDPs as regards
to knowledge, attitudes, self-assessed skills, and whether the
GDPs have access to continuing endodontic education.

Material and method

An invitation to take part in the questionnaire was sent by
email to all GDPs working in: The public dental care in two
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counties (Vastra Gotaland and Skéne) in Sweden (n 984), the
public dental care in three counties (Trendelag, Mere og
Romsdal, and Telemark) in Norway (n 231), and the private
dental care chain Colosseum Smile AB in Sweden (n 169).
The questionnaire was checked and revised on the context
of validity by a statistician at the University of Gothenburg
and by being piloted by 3 GDPs. The questionnaire was
modified in accordance with their comments, mostly by
being re-worded to clarify the questions and responses, and
by changing the order of the questions to make it more
coherent for the respondents. The questionnaires sent to
Norway had been translated into Norwegian and reviewed
by a Norwegian specialist in endodontics.

The questionnaire consisted of 9 questions regarding con-
tinuing professional education in endodontics, post-operative
follow-ups, self-assessed success-rate, and the initial diagno-
sis’ impact on treatment outcome. The respondents were
also asked questions regarding their age, gender and year of
graduation. A comment box for additional remarks was
included in the questionnaire. The questionnaire was fully
anonymous. It was accompanied by an explanatory covering
letter. It was distributed to the recipients using esMaker
(Entergate AB, Halmstad, Sweden) during three periods in
2016-2017. Two reminders were sent to all recipients with
an interval of two weeks in between.

Completed questionnaires were analysed using SPSS ver-
sion 25 (Chicago, IL, USA). A non-response analysis was car-
ried out. Blank answers on questions were counted as
missing, and only valid responses were included in the
descriptive analysis of each question, where absolute and
relative frequencies were determined. The association
between variables was examined by cross-tabulations and
the statistical significance of such relationships determined
by Pearson’s chi-squared test and Fishers’ exact test.
Statistical tests were two-tailed at the 5% significance level.

Results

Fity-one of the questionnaires could not be delivered as the
recipient had moved or retired. Of the delivered 1333 ques-
tionnaires; 499 were not returned, 5 returned empty, and 10
returned with the information that the recipient was not a
GDP, did not work clinically, or did not perform endodontic
treatments. The overall response rate was 61.4% (n 819). The
questions were answered by 98.7-100% of the participants.
The non-response analysis showed an even gender and age
distribution compared to the full target sample. There were
no significant differences regarding the distribution of gen-
der, age, or years in the profession (Table 1).

Table 1. Characteristics of respondents.

Year of
Gender n % Age n %  graduation n %
Female 518 636 72-65 31 38 <1975 26 32
Male 282 346 64-55 172 213 1976-1985 136 16.7
Prefer not to say 14 1.7 54-45 116 144 1986-1995 113 139
44-35 193 239 1996-2005 147 18.1
34-24 295 36.6 2006< 390 48.0

Successful treatment outcome

The majority estimated their endodontic success-rate to be
75% or above, and more than half did not believe or did not
know if the initial diagnosis could impact the outcome of
endodontic treatments (Table 2). GDPs who did not believe
the initial diagnosis could affect treatment outcome were
more likely to estimate their success rate as the highest
(p<.001). Swedish GDPs were more likely to believe the ini-
tial diagnosis did not affect the outcome of treatments:
27.5% compared to 14.6% in Norway (p=.029). 7 GDPs com-
mented that they considered just being able to finish a root
filling without any mishaps a successful outcome, while 23
respondents considered endodontic treatments successful so
long as the patients did not experience symptoms. GDPs
who did not enjoy performing RCT were less likely to esti-
mate their success-rate as the highest (p<.001).

Post-operative follow-ups

Most GDPs stated that they performed post-operative follow-
ups with radiographs (Table 2). 5.8% (n 48) only performed
follow-ups if the patient showed symptoms, or if the tooth
needed prosthodontic restoration. 4.0% (n 33) remarked that
they tried to do follow-ups the following year, but external
factors affected how many years would pass until they saw
the patient again. GDPs in Norway were more likely to do a
follow-up 1year after treatment: 65.6% compared to 41.6%
in Sweden (p<.001).

Sources of knowledge

Most stated 1-4 sources of knowledge for their clinical man-
agement of patients (Figure 1). 16.9% (n 139) stated under-
graduate dental education as the only source of knowledge,
65% of those had 5years or less in the profession. GDPs with
over 30years in the profession were more likely to state con-
tinuing endodontic education as their only source of know-
ledge (p=.001).

Continuing endodontic education

A majority wanted to attend more courses in endodontics,
but a third of the respondents had not attended a single
course in endodontics after their undergraduate training
(Table 2). Dentists who had graduated after 2006 were more
likely to not have attended any continuing endodontic edu-
cation (p<.001). 46.6% of the GDPs who had attended
courses in endodontics had done so within the last 3years.
82.3% of the GDPs who had attended courses in endodontics
listed them as a source of knowledge for their clinical man-
agement of patients. 12 GDPs had not attended any continu-
ing endodontic education in over 20 years.

Discussion

Most respondents held that their clinical endodontic man-
agement of patients worked well, and almost half of the
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Continuing endodontic education _ 55.8%

The clinic's endodontic guidelines

Feedback and advice from colleagues

Scientific papers

The Dental Association's journal

Internet resources

Other sources*

20.0%

40.0% 60.0% 80.0% 100.0%

*Other: Consulting with specialist in endodontics, reading text-books, “learning while doing"

Figure 1. Sources of knowledge for the endodontic management of patients.

GDPs estimated their endodontic success-rate to be 90%,
indicating that many have a high level of self-confidence in
their ability to perform endodontic treatments. Similar find-
ings have been reported in other studies [7,8]. A contributing
factor to the good self-confidence may lie in how the indi-
vidual dentist defines a successful treatment outcome. The
European Society of Endodontology defines a favourable out-
come as: ‘Absence of pain, swelling and other symptoms, no
sinus tract, no loss of function and radiological evidence of a
normal periodontal ligament space around the root’ [14].
But, some GDPs had adopted variations of ‘functional reten-
tion’ [15] as their definition of a successful outcome, while
other GDPs just defined it as being able to complete a root
filling without any mishaps. Moreover, over half of the
respondents either did not know, or did not believe, that the
initial diagnosis could affect the outcome of their endodontic
treatments. The GDPs who did not believe the diagnosis
could impact the outcome were also more likely to estimate
their success rate as the highest. This lends support to the
notion that many GDPs view endodontic treatments as a
technical procedure to keep a patient symptom-free rather
than a way of treating, or preventing, infection in the root
canal system [7,16]. The potential lack of understanding of
microbiological factors’ influence on the outcome of endo-
dontic treatments is a troubling notion since dentists need
to be able to evaluate preoperative factors accurately. A lack
of microbiological understanding might also impact how
meticulously infection prevention and control measures are
carried out during endodontic treatments.

The recommendation from the European Society of
Endodontology is that root canal treatments should be
assessed at least after one year and subsequently as required
[14]. Although a majority of the GDPs reported that they per-
formed post-operative follow-ups, a different picture
emerged when asked when the follow-ups were performed.
Less than half carried out follow-ups one year after root
canal treatment, and more than a quarter did not have a set

routine for endodontic follow-ups. This is in line with other
studies that have found endodontic post-operative follow-
ups to be infrequently performed [11,12,17]. Post-operative
follow-ups are not only important for the patient, but also
for the dentist. Without systematic follow-ups, the GDPs will
not obtain knowledge about their performance or gain
awareness of any shortcomings that may be important for
changing their treatment strategies. However, the idea of fol-
low-ups being important for feedback may fall short if the
GDP simply defines a patient being symptom-free as a suc-
cessful treatment outcome.

Most GDPs based their endodontic management of
patients on two to four sources of knowledge, with under-
graduate dental education and continuing endodontic edu-
cation being most frequently stated. This is not a surprising
find, as many dentists continue the practice they have been
taught during their undergraduate training [12,18]. But,
almost a fifth of the respondents based their clinical man-
agement of patients solely on their undergraduate training.
While many were relatively new to the profession, the under-
graduate training probably cannot cover all aspects of endo-
dontology in the depth needed in everyday clinical practice.
‘Learning while doing’ could work well at a practice that
encourages in-house development of skills, but some GDPs
are left to their own devices in clinics that lack systematic in-
house learning [19]. There were respondents who com-
mented on a lack of regular case discussions with colleagues,
which perhaps is why only a quarter considered feedback
and advice from colleagues as a source of knowledge for
their management of patients. Receiving feedback, watching
others practice and engaging in case reviews is important for
developing insight into professional performance and for
identifying gaps in knowledge [20,21]. Without regular feed-
back, there is a risk that clinical practices will be impaired.

A third of the respondents had not attended any continu-
ing endodontic education, and the use of other sources of
knowledge (internet resources, scientific papers, and so on)



was relatively low. This could indicate that several GDPs may
find it difficult to stay up to date on current practices and
guidelines. Among the respondents who had attended
courses in endodontics, a majority stated that they used the
continuing education as a source of knowledge in their clin-
ical management of patients. Research also indicates that
continuing dental education can play a key role in changing
practices in dentistry [22]. However, the outcome of endo-
dontic treatments does not automatically improve by attend-
ing continuing endodontic education [23,24]. To initiate and
maintain relevant changes, there must be an awareness of a
need for change and a motivation to implement the changes
[25]. So, the crucial question is whether the focus of courses
correctly identifies shortcomings that need to be addressed
and whether GDPs attending the courses correctly identifies
their own shortcomings - otherwise educational efforts may
miss the mark. Unfortunately, studies show that poorly per-
forming individuals often are unaware of their gaps in know-
ledge and skills [20,25], so it is probably not possible for all
GDPs to individually identify their own weaknesses correctly.
Perhaps platforms for performance assessment feedback are
needed as a complement to help GDPs direct their learning
towards improving their performance in their specific areas
of weakness.

A limitation of the methodology in this study was that
the pilot group was small and the questionnaire was not
tested with similar questions to assess the reliability of the
responses. There are communication barriers that can give
inaccurate results as the respondents may understand ques-
tions and definitions differently than was intended [26]. For
instance, the GDPs’ self-assessed success-rate may have been
lower had we included the European Society of
Endodontology’s definition of a favourable treatment out-
come in the questionnaire. Furthermore, the self-reported
performance of post-operative follow-ups could differ from
what is actually done in the clinical practice, as there is a risk
of recall bias when asking someone what they do and not
assessing the actual behaviour objectively as a comparison.
Another limitation is the inability to probe responses in a
written questionnaire. For example, the finding that respond-
ents in Norway were more likely than respondents in
Sweden to perform follow-ups one year after treatment,
raised questions on the origin of this difference: Is it educa-
tional, a result of differences in how the dental care systems
are organised, or something else? Since the questionnaire
does not offer the opportunity to clarify these issues, further
investigation is warranted.

To sum it up, GDPs with a lack of understanding of
microbiological factors’ impact on the outcome of endodon-
tic treatments, combined with limited insight into their own
level of knowledge and clinical performance, could be a
recipe for poorly performed endodontic treatments. The
results from this study indicate that many GDPs may receive
insufficient feedback on their performance in endodontics,
and that they also may find it difficult to stay up-to-date.
Therefore, it is vital to establish robust methods that help
GDPs accurately assess their own performance in endodon-
tics. It is also important to have reliable ways to
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communicate essential endodontic knowledge and modern
guidelines, so GDPs can stay competent for current practice.
The process will likely have to start with a critical appraisal
of both undergraduate endodontic training and continuing
endodontic education, especially as regards to endodontic
microbiological ~ factors,  self-assessments, and  out-
come measures.
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ABSTRACT

Objective: The aim was to explore what affected dental health care workers’ sense of safety while
working during the COVID-19 pandemic and examine their satisfaction with the information they
received on COVID-19 and pandemic protocols.

Material and method: An invitation to participate in the survey was distributed to 2,990 dental health
care workers in Sweden. Open-ended questions were analyzed using the Theoretical Domains
Framework, closed-ended questions with Pearson’s chi-squared test.

Results: The response rate was 41.7%. Of the respondents, 78.7% were ‘very satisfied’ or ‘fairly satis-
fied" with the information they received. Conflicting messages were reported as a problem, especially
regarding how highly prioritized the pandemic protocols were. ‘Fairly safe’ or ‘very safe’ were the
responses chosen by 70.9%, while 54.2% recounted situations that made them feel unsafe. The sense
of safety was mainly related to one’s own knowledge, self-perceived skills, and support in the work-
place. The feeling of not being safe was foremost related to resources: primarily PPE shortages and
time-related shortages. Respondents who reported being asked to forego surgical face masks and/or
economize with gloves/hand rub because of shortages were more likely to have felt unsafe (p=.001).
Conclusions: Most were satisfied with the information they had received, and most felt safe during
the pandemic, but several respondents reported situations where they felt pressured to make compro-
mises with their infection control. Future pandemic protocols should have ethics clearly incorporated
regarding situations when there is a shortage of resources and include better planning for the provi-
sion of supplies for infection control.
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Introduction while others remained open as usual. The capacity of dental
care was negatively affected by staff on sick leave and short-
ages of PPE. A reluctance among patients to visit dental care
also added to an overall decrease in visits. However, by the
end of 2021, the number of dental care visits had slowly
returned to more normal levels, albeit still not pre-pandemic
levels [9].

Although dealing with the risk of infectious disease

could be seen as part of the job, research has shown that

On the 11™ of March 2020, the World Health Organization
declared COVID-19 a pandemic [1]. The pandemic put pres-
sure on dental health care workers (DHCW) and affected the
delivery of dental care services globally [2]. Due to the prox-
imity to the mucous membranes and respiratory secretions
of patients, and the use of aerosol-generating procedures,
DHCW are exposed to infectious disease agents when per-
forming dental treatments [3,4]. The SARS-CoV-2 outbreak

further increased the risk of infection [4].

During the pandemic, DHCW had to adjust their services
and infection control practices to minimize the risk of
transmission. Such measures included triage and screening
of patients, point-of-care testing for COVID-19, avoiding aero-
sol-generating procedures, additional infection control meas-
ures, and increased use of personal protective equipment
(PPE) [5-8].

In Sweden, the early pandemic responses in dentistry var-
ied; some clinics closed for all but emergency treatments,

many DHCWs have experienced stress and anxiety during
the COVID-19 pandemic. Various reported contributory fac-
tors to include fear of contagion, lack of pandemic prepared-
ness, lack of infection control training in the workplace,
concerns for self/family wellbeing, and decreased access to
PPE [2,10-15].

Since several viruses have pandemic potential, learning
from previous outbreaks and improving preparedness for
future outbreaks is of utmost importance [16]. As pandemic
preparedness efforts focus on changing behaviors in ways
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that reduce risk, the management of pandemics includes a
behavior change component [17]. The Theoretical Domains
Framework (TDF) is a behavior change framework developed
for implementation within health care [18]. The TDF can be
used as an evaluation tool to retrospectively identify factors
that contributed to the success and/or failure of an interven-
tion [19].

The aim of the present study was to investigate the
DHCW'’s own experiences of the pandemic response in den-
tistry in Sweden, with the aid of the TDF. Specifically, it was
to explore which behaviors/situations affected the DHCW's
sense of safety while working during the pandemic, and also
examine how satisfied the DHCW were with the information
they received regarding infection control, pandemic proto-
cols, and COVID-19.

Materials and methods

Data collection was performed by means of a questionnaire
containing both open-ended and closed-ended questions.
No demographic questions, apart from the respondent’s pro-
fession, were asked. The project received ethical approval
from the Swedish Ethical Review Authority (DNR 2021-
00389).

During the construction, a volunteer group of 15 DHCW
tested and gave feedback on the questionnaire. Then 38
DHCW filled out the questionnaire twice, with two weeks in
between. The data was reviewed to evaluate item range and
variance and to assess score reliability. For calibration of con-
tent analysis, inter-rater reliability was assessed and con-
firmed at >80% agreement. Agreement between scores at
the test and retest was assessed using percentage agree-
ment, which was confirmed at > 70% agreement between
the test and retest.

The minimum sample size for DHCW as a group was cal-
culated at 378 respondents (95% Cl, 5% margin of error, 0.5
SD). Sample size for subgroups was calculated at 365 den-
tists, 370 dental assistants, and 351 dental hygienists. With
an expected response rate of 50%, it was estimated 3,000
DHCW would need to be invited. A non-probability sampling
method was used, where organizations/clinics were
approached and enrolled, aiming to ensure a relatively even
distribution across the country, including both urban and
rural areas.

During July-October 2021, invitations to participate in the
survey were distributed by the respondents’ respective
employers to 2990 DHCW in Sweden (918 dentists, 574 den-
tal hygienists, and 1498 dental assistants); 10.7% in private
dental care and 89.3% in public dental care. The question-
naire was made available through the web-based survey tool
Sunet Survey (Artisan Global Media, Vaxjo).

Content analysis of open-ended questions was performed
using NVivo qualitative data analysis software (QSR
International Pty Ltd.). A single response could contain one
or more message units. The mapping of message units to
the TDF domains was an interpretive and consensus-driven
exercise performed by the authors’ LM and CBH.
Disagreements (9.2% of the message units) were resolved in

a consensus discussion among all three authors. The qualita-
tive data was then quantitized by enumerating the frequency
of message units mapped to the different domains.
Statistical analysis was performed using IBM SPSS Version
28.0. (Armonk, NY: IBM Corp.) The level of statistical signifi-
cance was set at 5%. Descriptive statistics were mainly used,
such as frequencies, median, and, when dichotomized,
Pearson’s chi-squared test. Subgroup variances were ana-
lyzed using Kruskal-Wallis H-test.

Results

Of 2,990 invited DHCW, 1325 responded. Of the question-
naires, 79 were returned empty and therefore excluded; 1246
responses were included in the study. The overall response
rate was 41.7% (dentists 45.8%, dental hygienists 42.3%, den-
tal assistants 38.9%). Minimum sample size was reached for
all groups except the dental hygienist’ subgroup. Analysis of
variance of the responses showed no statistically significant
differences between the subgroups (H (2)=1.371-4.071,
p=.504-.131).

Sense of safety

The majority felt ‘fairly safe’ or ‘very safe’ working during the
pandemic (Table 1).

The open-ended question ‘What has helped you feel safe
and/or made you feel unsafe while working during the
COVID-19 pandemic?’ had a response rate of 92.5%
(1153/1246) and 2,162 message units were identified in the
responses. The message units were mapped to relevant
domains of the TDF. Eight determinants of behavior were
identified, and five domains were considered important. Of
the identified message units, 54.2% were concerned with
behaviors/situations that had contributed to a sense of being
unsafe.

The sense of safety was mainly related to the TDF
domains ‘Knowledge’, ‘Social influences’, and ‘Skills’ (Table 2).
Feeling in control was a recurring theme in relation to an
increased sense of safety, and the sense of control was
mainly assigned to the domains ‘Knowledge’ (own know-
ledge of Covid-19 and infection control), and ‘Skills’ (in infec-
tion control and/or receiving training/feedback on infection
control).

The respondents mostly related the feeling of not being
safe to the TDF domain ‘Environmental context and resour-
ces’; primarily PPE shortages and time-related shortages
(Table 2). The 179 (14.4%) respondents who reported having

Table 1. Sense of safety during the COVID-19 pandemic.
Have you felt safe working during the COVID-19 pandemic?

Frequency Valid Percent
Very safe 283 22.7
Fairly safe 586 47.0
Both safe and unsafe 175 14.0
Fairly unsafe 139 11.2
Very unsafe 63 5.1
Missing 0 0.0
Total 1,246 100.0




Table 2. What contributed to the sense of being safe/unsafe.
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TDF Domain Summary of message units
Percentage of respondents (No. of message units mapped to domain) Exemplar quotes
Knowledge Safe (456): Transparency regarding knowledge; updates on ‘We received updates on hygiene guidelines and info on
48.0% policies and guidelines; follow-up on information; clear COVID-19. Our boss made sure that everyone was in the
communication channels; availability of education and loop, which made me feel safer.”
information; reliable sources. ‘Especially at the beginning of the pandemic, the
Unsafe (98): Contradictory/ambiguous information; unclear information was confusing and sometimes contradictory.
dispersion of information; lack of education, lack of Still, we were expected to work as usual, not a great
knowledge (own/co-worker/leader); skepticism towards feeling ... it has made me feel very unsafe.’
protocols/guidelines; conflicting messages.
Skills Safe (137): Proficiency acquired through practice; skill ‘We practiced hand hygiene and donning of PPE. It was
23.2% assessment; ability to follow infection control protocols good with some repetition. Made me feel more

Beliefs about consequences
15.9%

Environmental context
and resources
58.9%

Social influences
33.7%

(because of practice).

Unsafe (131): Lack of training; lack of assessment/feedback;
co-workers lacking ability/skills in infection control;
uncertain of own competence.

Safe (82): Belief in infection control measures being effective
to avoid anticipated consequences; motivated to follow
guidelines to avoid anticipated consequences; following
guidelines will keep one safe.

Unsafe (101): Measures ineffective; fear of getting infected,
not motivated to follow guidelines as anticipated
consequences are unavoidable; expecting certain
people/themselves being at greater risk.

Safe (98): Sufficient resources (staff, PPE, hand hygiene
products, time to complete tasks); adapting work to
availability of commodities; organizational culture creating
positive environmental context.

Unsafe (591): Shortages in resources (staff/PPE/hand hygiene
products); not enough time to complete tasks; interaction
with environment hindered infection control measures;
workplace crowding.

Safe (201): Support /encouragement from manager/co-
workers; co-workers being good influence; receiving

confident.’
‘Covid put the spotlight on how many need training on
infection control. We just got information, no training.”

‘I followed the guidelines meticulously; | was VERY careful. |
did not want to be the one infecting someone else.

‘I really don't think our face masks and flimsy gloves protect
against Covid. So not knowing who was contagious, and
me being part of a risk group, | was really afraid of
getting infected.”

‘When the PPE shortages were at their worst, the clinical
activity was adjusted so we only treated emergencies. No
one wanted to compromise our patients’ and our own
safety.”

‘Greater risks among staff in cramped spaces, such as the
lunchroom, corridors, and the reception. We protected the
patients but not each other.”

‘The feeling was that we were in it together and that we
would do our best to keep each other safe. That support

reassurance/support in the workplace.

Unsafe (188): Leaders not supportive; protective measures not
being the highest priority in the workplace; fears not being
acknowledged/respected; negative influences in the

workplace; conflicting messages.

made me feel better.’

‘We were asked to economize with hand rub and gloves.
We were asked to consider if we truly needed a face
mask. They didn’t say it explicitly, but the message was
clear, safety was not really their top priority ...’

been asked to forego surgical face masks and/or economize
with gloves and hand rub were significantly more likely to
have felt ‘fairly unsafe’ or ‘very unsafe’ (p =.001). Some com-
mented that even if it had been unclear if surgical face
masks truly protected against transmission of the virus, ‘not
having a face mask could not possibly be an upgrade’. A few
respondents stated they were expected to use the same face
mask for extended periods of time.

Noteworthy is that many reported having felt unsafe at
the beginning of the pandemic, mainly because of a lack of
knowledge of the disease and whether or not the infection
control measures were effective, but their confidence and
sense of safety increased after a while.

Satisfaction with received information

Most respondents were ‘very satisfied’ or ‘fairly satisfied’ with
the information they received regarding infection control,
pandemic protocols, and COVID-19 (Table 3).

The open-ended question ‘What has contributed to your
satisfaction, and/or dissatisfaction, with the information you
have received regarding infection control, pandemic proto-
cols, and COVID-19? had a response rate of 82.3%
(1025/1246), and 1,657 message units were identified. The
message units were mapped to relevant domains of the TDF.

Table 3. Satisfaction with the information they received.

Are you satisfied with the information you have received on infection control,
pandemic protocols, and COVID-19?

Valid
Frequency Percent Percent

Very satisfied 470 377 379
Fairly satisfied 506 40.6 40.8
Undecided 182 14.6 14.7
Fairly unsatisfied 58 4.7 4.7
Very unsatisfied 25 20 20
Total 1,241 99.6 100.0
Missing 5 0.4
Total 1,246 100.0

Nine domains were identified from the data, of which six
domains were considered important (Table 4).

Trust, or lack of trust, was a recurring theme; mainly trust
in own knowledge, or trust in the received information/
education (Knowledge domain), but also trust in own com-
petence and self-efficacy (Beliefs about capabilities domain).
Respect was another theme, often interwoven with trust.
Information given in a manner that showed respect for the
individual’'s competence (Professional role domain) and edu-
cation (Knowledge domain), and also respect in intrapersonal
processes (Social influences domain), was important.
However, several respondents commented that only receiv-
ing information was not enough: ‘We also needed training to
make sure we were doing it right. But that was not prioritized.”
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Table 4. What contributed to satisfaction/dissatisfaction with the information.

TDF Domain Descriptions

Percentage of respondents (No. of message units mapped to domain) Exemplar quotes

Knowledge Satisfactory (501): Transparent information; regular updates; ‘It has mostly been clear and honest communication, even
71.8% clear communication channels; increased knowledge of when there was confusion at the beginning.”

Professional role
and identity
18.3%

Belief about capabilities
9.5%

Intentions
16.5%

Social influences
30.6%

hygiene protocols and guidelines; availability of
education/information.

Unsatisfactory (235): Contradictory/wrong information; unclear
dispersion of information; lack of knowledge (among
leaders/co-workers); lack of education on infection control.

Satisfactory (125): Professional commitment; positive group
identity; staying informed is a duty; perceived professional
competence.

Unsatisfactory (63): Perceived disrespect towards professional
role/identity; lack of commitment in
organization/workplace.

Satisfactory (68): Perceived ability to follow guidelines
received from information, self-confidence; perceived
competence of sources behind information.

Unsatisfactory (29): Perceived inability of co-workers/leaders
to understand information/put knowledge to use; perceived
incompetence of sources behind information.

Satisfactory (64): Clear intentions; a sense of preparedness in
organization; ability to adapt protocols/guidelines to
different circumstances.

Unsatisfactory (106): Lack of planning /readiness; unclear
intentions and goals; confusion/conflicting messages
regarding plans.

Satisfactory (147): Support from leaders and/or co-workers;
acting as a good influence (by sharing information);
receiving good influences.

Unsatisfactory (167): Leaders not supportive; conflicting
messages in the workplace on importance of pandemic

‘We replaced instructions for hand wash before surgery with
instructions from the public health authority on how the
public should wash their hands, i.e. we went from a higher
standard to a lower standard because someone in
management thought it was a good idea.’

‘As professionals we are used to dealing with the risk of
infection. It's nothing new. It is my professional duty to stay
informed and to know these things.’

‘It felt as we we being mocked when we were informed that we
could work without a surgical face mask. Unprofessional!’

‘I know my knowledge and skills are good, | felt confident that |
could reduce the risks. The information we received was
nothing new, but it confirmed | was doing it right.’

‘The sloppy ones are probably clueless, no one gives them any

feedback and our supervisor doesn’t care. Information is

wasted on people who won't listen.’

g 1t has been transp with everything (...) it has
been easy to understand the reasoning, and the planning
has been really good.”

‘The lack of a plan on how to handle the situation was
obvious. The information has sometimes been contradictory
and VERY confusing.’

‘Colleagues helped each other to stay informed. We were in it
together; that support and commitment was inspiring.”

‘Our manager doesn't think it's important to follow all
recommendations. He thinks those who want to follow the
protocols are being difficult since it's too time consuming.”

M

protocols; disinformation spread in the workplace; negative

role models.
Personal Factors/
Emotions
10.9%

acknowledges fear/uncertainty.

emotions; generated a fear reaction.

Satisfactory (73): Raises positive emotions; lessens fear;

Unsatisfactory (39): Raised negative emotions or contradictory

‘I'm very satisfied with the information. It helped quell my fears.
I was afraid in the beginning, but the frequent updates
helped me a lot.

‘New information kept coming, sometimes contradictory, which
created confusion. It put a lot of emotional strain on us. It
made me anxious!’

Conflicting messages was another theme, which was
mainly mapped to the TDF domains ‘Knowledge’ and ‘Social
influences’. Several respondents received conflicting mes-
sages regarding the importance of pandemic protocols: ‘It
was as if they said: Infection control is VERY important, but we
won't give you time or means to follow the protocols, and
since we've run out of face masks, you won't need a face mask
anymore.’

Other respondents commented on information being
more than just official communications and that it could
result in conflicting messages: ‘Information is also what is
spread among co-workers. That’s not always a good thing.
Some people believe anything they read on Facebook.’

Discussion

The present study is—to the best of our knowledge—the
first to publish Swedish data on DHCW's sense of safety dur-
ing the pandemic, and to assess their satisfaction with the
information they received on infection control, pandemic
protocols, and COVID-19. Several studies indicate the pan-
demic put a strain on dentistry, not least a psychological
strain, with DHCW reporting feelings of fear and anxiety dur-
ing the pandemic [2,11-15]. However, most respondents in

the present study reported feeling very safe, or fairly safe,
working during the pandemic. This difference could be the
result of the survey taking place when the pandemic had
been ongoing for more than a year. A survey performed
among Australian dentists one year into the pandemic also
reported relatively high numbers (58.7%) of respondents feel-
ing ‘not at all' or ‘slightly concerned’ about contracting
COVID-19 [20].

Resources, or rather a lack thereof, was the main domain
to which statements regarding the sense of being unsafe
could be mapped. Many DHCW have been asked to assume
greater risks to their personal safety during the pandemic,
which has been exacerbated by a shortage of PPE. It is note-
worthy that 14.4% of the respondents reported being asked
to work without a surgical face mask, and/or to economize
with medical gloves and antiseptic hand rub. It is not surpris-
ing that those respondents were more likely to have felt
unsafe while working during the pandemic. The aspect of
being provided adequate infection control resources (PPE,
hand rub, sufficient time to perform infection control meas-
ures) has been found to affect the amount of experienced
fear and anxiety among health care workers [21,22]. It is
deeply problematic to even suggest DHCW should econo-
mize with essential aspects of infection control. Apart from



the possibility that it could compromise patient safety and
staff safety, the sense of fear it may evoke should also be
considered. For future pandemic plans, consideration should
be given to the specific ethical challenges that may arise
when there is a scarcity of resources.

Knowledge was important for the sense of safety among
the respondents. Lessons learned from previous outbreaks
confirm this, as knowledge alleviates uncertainty and lessens
experienced anxieties and fears [22]. Furthermore, among
the respondents there appeared to be a high level of trust in
the received information, although conflicting messages
were mentioned as a problem. The conflicting messages
could be information perceived as being incorrect, or not
fully adapted to dentistry, which left some respondents feel-
ing disrespected or made them lose trust in the information.
Conflicting messages could also be regarding how highly pri-
oritized the pandemic protocols truly were. Ideally, the
importance of infection prevention and control should per-
meate every aspect of clinical activities, which also seems to
have been the case for most respondents. However, some
respondents experienced the pandemic protocols not being
treated as a top priority. Some felt pressured to cut corners
on infection control to handle conflicting demands and pos-
sibly risking their own and their patients’ safety. It is import-
ant to address the underlying value judgements behind such
situations and compromises. Consideration should be given
to ethics and values, ensuring they are explicitly incorporated
in future pandemic protocols, to facilitate consensus regard-
ing the order of priority of conflicting demands.

Although the information is key, it is not enough to only
provide information on guidelines and protocols; adequate
and continuous training is also needed to reinforce that
knowledge [23], a notion supported by several respondents
who called for more practical infection control training.
Among respondents who had received training and feedback
on infection control measures, many stated it had contrib-
uted to a sense of safety. Although the DHCW are used to
employing PPE, they are still likely to benefit from additional
training. The effectiveness of PPE in protecting from infection
is dependent on the user, and studies have shown that
health care workers are frequently contaminated because of
doffing errors [24,25]. Inadequate training can also signifi-
cantly impact compliance with PPE recommendations [26].

This study has certain limitations. Although enough
responses were collected to reach power for the DHCW as a
group, a response rate below 50% means the results should
be interpreted with caution, as the study may be prone to a
non-response bias. The invitation to participate in the survey
being distributed by the respondents’ employers may have
deterred some respondents from answering—or answering
truthfully. Furthermore, a sampling bias may have been pro-
duced since a non-probability sampling method was used.
There are also communication barriers in a written question-
naire that can give inaccurate results, as both questions and
responses may be understood differently than was intended.
Especially factors contributing to a sense of safety would
likely benefit from a follow-up with an interview study.
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To sum it up, a majority of the respondents felt safe or
fairly safe working during the pandemic and were reasonably
satisfied with the information they received on infection con-
trol and COVID-19. However, conflicting messages were
found to be a problem. More than half of the respondents
recounted behaviors/situations which contributed to a sense
of being unsafe; the most commonly reported was a lack of
resources for infection control. In most cases, clinical activ-
ities were reduced when infection control commodities were
scarce, but one in seven DHCWs reported being asked to
adjust their infection control measures instead. This high-
lights the importance of having specific and well-thought-
out pandemic protocols, which should be based on universal
safety practices and take possible ethical challenges into
consideration. Future pandemic preparedness should also
include better planning for the provision of PPE and other
commodities for infection control.
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ABSTRACT

Objective: The aim was to evaluate the establishment of an aseptic endodontic operative field in
general dentistry by assessing general dentists’ ability to reduce the amount of contamination to a
non-cultivable level, and to compare the operative field asepsis at a general dentistry clinic with
that at an endodontic specialist clinic.

Materials and Methods: A total of 353 teeth were included in the study (153 in general dentistry,
200 at the specialist clinic). After isolation, control samples were taken, the operative fields
disinfected with 30% hydrogen peroxide (1 min) followed by 5% iodine tincture or .5% chlorhexidine
solution. Samples were collected from the access cavity area and buccal area, placed in a fluid
thioglycolate medium, incubated (37°, 7 d), evaluated for growth/non-growth.

Results: Significantly more contamination was observed at the general dentistry clinic (31.6%,
95/301), than at the endodontic specialist clinic (7.0%, 27/386) (p <.001). In general dentistry,
significantly more positive samples were collected in the buccal area than in the occlusal area.
Significantly more positive samples were collected when the chlorhexidine protocol had been used,
both in general dentistry (p <.001) and at the specialist clinic (p =.028).

Conclusions: The result from this study shows insufficient endodontic aseptic control in general
dentistry. At the specialist clinic, both disinfection protocols were able to reduce the amount of
microorganisms to a non-cultivable level. The observed difference between the protocols may not
reflect a true difference in the effectiveness of the antimicrobial solutions, as confounding factors
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may have contributed to the result.

Introduction

Endodontic treatment protocols are aimed at eliminating
microorganisms and preventing the introduction of microor-
ganisms into the root canal system [1-3]. Every measure
taken to reduce the microbial burden during treatment is of
value, and specific procedures and standards have been
developed to establish and maintain asepsis during treat-
ment. This is mainly accomplished by isolating the tooth with
a dental dam, and by the use of aseptic techniques and anti-
microbial agents [3-5].

Since endodontic pathogens are mainly oral commensals,
isolating the tooth from the oral environment is essential for
successful endodontic practice [6,7]. The isolated tooth and
dental dam should also be disinfected to minimize the risk of
contamination [3]. Documented procedures for disinfection of
the operative field include the use of hydrogen peroxide,
iodine or chlorhexidine preparations, and sodium hypochlo-
rite [5,8,9]. Mdller, for example, showed that a combination of
30% hydrogen peroxide and 5% iodine tincture could reduce

the amount of contaminating bacteria to a non-cultivable
level [8]. In Sweden, a majority of dentists use 30% hydrogen
peroxide followed by either 5-10% iodine tincture or .5%
chlorhexidine in 70% alcohol solution for disinfection of the
endodontic operative field [10].

The quality of endodontic treatments performed by gen-
eral dentists has been shown to vary considerably.
Cross-sectional studies report that approximately 40 % of
root-filled teeth have apical periodontitis, which suggests
that dentists in general may have a problem eliminating
microorganisms in the root canals or avoiding contamination
of the root canals when performing root canal treatments
[11]. Studies have reported poor aseptic control in general
dentistry and an underestimation of the impact microbiolog-
ical factors have on the prognosis of root canal treatments
[10,12-16]. Root canal treatments performed by specialists, or
at dental student clinics under the supervision of specialists,
have been reported to have a better outcome than treat-
ments performed by general dentists [17,18].
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The extent to which infection control affects endodontic
treatment outcomes has not been extensively studied.
However, in comparisons of endodontic treatments per-
formed with or without a dental dam, cases, when a dental
dam was used, have shown a better survival rate [19,20].
Furthermore, it has been reported that implementation of an
enhanced infection control protocol during primary root
canal treatment resulted in less detectable bacterial DNA in
the root canals before obturation and significantly more suc-
cessful treatment outcomes after one year [21].

Research on endodontic operative field asepsis has gener-
ally been performed at endodontic specialist clinics [5]. It is
currently not known how effective the establishment of end-
odontic operative field asepsis is in general dentistry. The
working hypothesis for this study was that there is a discrep-
ancy between the presumed standard of care and actual clin-
ical practice regarding endodontic infection control in general
dentistry and that the outcome of the establishment of oper-
ative field asepsis differs significantly between general den-
tists and endodontic specialists.

The aim of this study was to evaluate the endodontic
operative field asepsis in general dentistry by assessing gen-
eral dentists’ ability to reduce the amount of contaminating
bacteria to a non-cultivable level and to compare the opera-
tive field asepsis at a general dentistry clinic and at an end-
odontic specialist clinic.

Materials and methods

This was a prospective observational study conducted between
August 2020 and January 2023. Samples were collected from
353 teeth scheduled for root canal treatments at a general
dentistry clinic in the municipality of Skine, Sweden, and at
the Endodontic Specialist Clinic at Norrlands Universitetssjukhus
in Umea, Sweden. Inclusion criteria were adult patients
(>18years old) with a tooth in need of root canal treatment.
Informed consent was given by all participants verbally and in
writing. Collected samples were de-identified and could not be
traced to any individual patient. Ethical approval for the study
was attained from the Swedish Ethical Review Authority (DNR
2019-02649, DNR 2020-05615).

The tooth to be treated was isolated with a dental dam,
which was secured to the tooth with a clamp. The dentists
used sealer/blockage at their own discretion. Two control
samples were then collected. The surface considered for
access cavity preparation was scrubbed with a sterilized mini
foam sponge (Disposable Mini-Sponge Applicator; 3M ESPE,
St. Paul, MN, USA) with clean tweezers for 10s. A new mini
sponge was then scrubbed for 10s against the buccal surface
of the tooth (2 millimetres above the gingival margin) with
clean tweezers. The samples were immediately transferred to
a fluid thioglycolate medium (FTM).

Two protocols for the establishment of operative field
asepsis were used (Figure 1). The operative field was first dis-
infected by scrubbing the tooth with either a cotton swab or
a twisted gauze swab, soaked in 30% hydrogen peroxide for
one minute. Then the tooth, clamp, and adjacent dental dam
were disinfected by scrubbing with either 5% iodine tincture

(iodine protocol) or .5% chlorhexidine in 70% alcohol (chlor-
hexidine protocol) with a twisted gauze swab for one minute,
after which the surfaces were allowed to air-dry. The antimi-
crobial solutions were deactivated by soaking the mini foam
sponges (1-2s.) in either 5% sodium thiosulphate (iodine
protocol) or Tween80 (chlorhexidine protocol) prior to taking
the second set of samples with sterile tweezers. The samples
collected after disinfection were taken from the same sur-
faces, following the same protocol as in the first batch. Four
samples per tooth were collected.

At the endodontic specialist clinic, the first 100 sampled
teeth were disinfected using the chlorhexidine protocol and
the following 100 teeth using the iodine protocol. In general
dentistry, the initial design was to randomize the two proto-
cols. However, several of the participating dentists did not, for
various reasons, feel comfortable using one or the other of the
protocols. This led to a modification of the research protocol:
the general dentists simply used their own preferred choice of
the chlorhexidine protocol or the iodine protocol.

The FTM tubes were marked with the tooth number and
disinfection protocol and were numbered from one to four to
identify the sample site and whether the sample was col-
lected before or after disinfection. The samples were incu-
bated for seven days (37°C), visually inspected for bacterial
growth after seven days, and classified as positive (growth) or
negative (no growth). If a control sample was negative, the
corresponding sample collected after disinfection (from the
same tooth and site) was excluded from the trial.

The collected data were analyzed using the statistical
package IBM SPSS Version 28.0 (Armonk, NY: IBM Corp.)
Fisher’s exact test and Pearson’s chi-squared test were used,
with the significance level set at p<.05.

Results

Samples were collected from 353 teeth: 153 at the general
dentistry clinic and 200 at the endodontic specialist clinic. Of
the collected control samples, 19 were negative. The corre-
sponding 19 samples collected after disinfection were removed,
leaving 687 samples collected after disinfection to be included
in the analysis of the operative field asepsis. More than half of
the included teeth in the study were molars (Table 1). No sta-
tistically significant differences depending on tooth type were
found in the samples collected after disinfection.

Of the 301 samples collected by the general dentists after
disinfection of the operative field, 31.9% (95/301) were posi-
tive. Fewer had used the iodine protocol (45.7%) than the
chlorhexidine protocol (54.3%). There were significantly more
positive samples collected when the chlorhexidine protocol
had been used (Table 2). More positive samples were also col-
lected from the buccal area (57/151) than from the access cav-
ity area (38/150) (p=.016). There was a significant difference in
the number of positive samples collected during the first and
the second half of the trial: 21.3% (32/150) during the first half
of the trial and 42.4% (64/151) during the second half (p <.001).

At the endodontic specialist clinic, 7.0% (27/386) of the sam-
ples collected after disinfection of the operative field were posi-
tive (Table 3). At the access cavity area, significantly more positive
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Figure 1. Flow chart of the protocols for disinfection and sampling of the operative field.

Table 1. Teeth included in the trial.
General Dentistry

Specialist Clinic

Tooth type n % n % In total %
Incisor 37 241 36 18.0 73 207
Canine 5 33 6 3.0 1 31
Premolar 40 26.1 22 1.0 62 17.6
Molar 71 464 136 68.0 207 586
Total 153 100.0 200 100.0 353 100.0

samples were collected when the chlorhexidine protocol had
been used, but there was no significant difference found between
the protocols at the buccal sample site (Table 3.)

Significantly more positive samples were collected at the
general dentistry clinic than at the endodontic specialist
clinic (Table 4). Analysis of the two protocols separately
showed significantly less contamination of the operative field
at the specialist clinic for both protocols (Table 5).

Discussion

The aim of this study was to assess general dentists’ ability to
reduce the amount of contaminating bacteria on the end-
odontic operative field to a non-cultivable level, and to
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Table 2. Number of positive and negative samples collected at the general dentistry clinic.

General Dentistry Clinic

lodine protocol Chlorhexidine protocol

Sample site Positive n (%) Negative n (%)  Total n (%). Positive n (%) Negative n (%)  Total n (%) p-value
Access cavity area 11 (15.9) 58 (84.1) 69 (100.0) 27 (32.9) 55 (67.1) 82 (100.0) p =017
Buccal area 17 (24.6) 52 (75.4) 69 (100.0) 41 (50.6) 40 (49.4) 81 (100.0) p =.001
Both sample sites 28 (20.3) 110 (79.7) 138 (100.0) 68 (41.7) 95 (58.3) 163 (100.0) p <.001
Table 3. Number of positive and negative samples collected at the endodontic specialist clinic.
Endodontic Specialist Clinic

lodine protocol Chlorhexidine protocol
Sample site Positive n (%) Negative n (%) Total n (%). Positive n (%) Negative n (%) Total n (%) p-value
Access cavity area 3 (3.1) 95 (96.7) 98 (100.0) 12 (12.4) 85 (87.6) 97 (100.0) p =016
Buccal area 5(53) 90 (94.7) 95 (100.0) 7 (7.3) 89 (92.7) 96 (100.0) p =563
Both sample sites 8 (4.1) 185 (95.9) 193 (100.0) 19 (9.8) 174 (90.2) 193 (100.0 p =.028
Table 4. Comparison of number of positive and negative samples collected at the general dentistry clinic and at the endodontic specialist clinic.

General Dentistry Specialist Clinic

Sample site Positive n (%) Negative n (%) Positive n (%) Negative n (%) p-value
Access cavity area 38 (25.2) 113 (74.8) 15 (7.7) 180 (92.3) p <.001
Buccal area 57 (38.0) 93 (62.0) 12 (6.3) 179 (93.7) p <.001
Both sample sites 95 (31.6) 206 (68.4) 27 (7.0) 359 (93.0) p <.001

Table 5. Comparison between general dentistry clinic and endodontic specialist clinic and the two protocols for establishment of operative field asepsis.

General dentistry Specialist clinic

Sample site Positive n (%) Negative n (%) Total n (%) Positive n (%) Negative n (%) Total n (%) p-value
Chlorhexidine protocol
Access cavity area 27 (32.9) 55 (67.1) 82 (100.0) 12 (12.4) 85 (87.6) 97 (100.0) p <.001
Buccal area 41 (50.6) 40 (49.4) 81 (100.0) 7 (7.3) 89 (92.7) 96 (100.0) p <.001
Both sample sites 68 (41.7) 95 (58.3) 163 (100.0) 19 (9.8) 174 (90.2) 193 (100.0 p <.001
lodine protocol
Access cavity area 11 (15.9) 58 (84.1) 69 (100.0) 3(3.0) 95 (96.9) 98 (100.0) p =.003
Buccal area 17 (24.6) 52 (75.4) 69 (100.0) 5(5.3) 90 (94.7) 95 (100.0) p <.001
Both sample sites 28 (20.3) 110 (79.7) 138 (100.0) 8 (4.1) 185 (95.9) 193 (100.0) p <.001

compare the operative field asepsis at a general dentistry
clinic with the operative field asepsis at an endodontic spe-
cialist clinic. Although neither of the groups achieved com-
plete asepsis, a significantly higher level of contamination of
the operative field was found at the general dentistry clinic.
These results are consistent with previous studies that have
found discrepancies between endodontic treatments per-
formed by general dentists and those performed by end-
odontic specialists [12-18].

The level of bacterial contamination seen in the samples
collected in general dentistry indicates poor aseptic control.
It is probable that insufficient isolation of the teeth contrib-
uted to the results, as significantly more positive samples
were collected from the buccal sample site, close to the con-
tact area between the tooth and dental dam, than at the
access cavity area. It is also possible the protocols for disin-
fection were not stringently followed. All participating den-
tists had access to a clock with a second hand to keep track
of the different application times during disinfection. However,
it is unknown if the application times were followed by all
dentists, and contact time matters when it comes to disinfec-
tion. The disinfection process could still have been performed

too swiftly, without scrubbing of the surfaces, and with an
inadequate amount of antimicrobial solution on the swabs.

In general dentistry, most of the positive samples were
collected during the second half of the trial, with a sharp
increase seen in the last 50 sampled teeth. A contributing
factor could be that the novelty of participating in the trial
wore off. Another contributing factor could be the timing of
the trial, as it began during the first year of the COVID-19
pandemic. At that time, the participating general dentists
mostly treated emergency cases, had more time set aside for
each patient, and, perhaps, had an increased awareness of
the importance of infection control. At the end of the trial,
the general dentists were back to a more regular scheduling
and perhaps had less time for, or interest in, infection con-
trol. Outbreaks raise awareness and are often associated with
rapid improvements in adherence to infection control proto-
cols, but health care workers then often fall back into old
infection control habits [22,23]. For example, it has been
reported that hand hygiene adherence among health care
workers showed a significant increase at the beginning of the
COVID-19 pandemic but returned to pre-pandemic levels less
than a year into the pandemic [24,25].



The results from the general dentistry clinic show that the
dentists have the capacity to achieve a higher level of asepsis
than they perhaps generally accomplish, implying that enhance-
ments in infection control may be possible in a context that
enables practice change. To initiate and maintain changes,
there must be an awareness and motivation for change [26].
Since attitude and knowledge affect infection control perfor-
mance [27,28], continuous efforts to raise endodontic infection
control awareness could have a positive effect. Providing per-
formance feedback could also be of value, to help the dentists
assess their own infection control skills. The method used in
this study for the sterility test of the operative field could be
used as a pedagogical instrument for self-assessment of opera-
tive field asepsis. However, human infection control behavior is
the consequence of multiple influences [27,29]. The context in
which the dentist operates, such as scheduling, time pressure,
the design of the compensation system, and the safety climate
at the clinic, also affects infection control behaviour
[4,12,22,29,30]. This complexity of factors must be considered
and further investigated when designing interventions to
improve endodontic infection control.

The results from the endodontic specialist clinic show that
30% hydrogen peroxide followed by either 5% iodine tincture
or .5% chlorhexidine in 70% alcohol solution, can be effective
means to reduce the amount of microorganisms on the oper-
ative field to a non-cultivable level. The observed difference
between the chlorhexidine protocol and the iodine protocol
may not reflect a true difference in the effectiveness of the
antimicrobial solutions. In general dentistry, the identified dif-
ference could be the consequence of different operators’ thor-
oughness and skills in infection control. At the endodontic
specialist clinic, relatively few positive samples were collected,
and the difference found between the protocols at the access
cavity sample site might be the consequence of the specific
teeth being sampled. The potential presence of irregular sur-
faces and previous fillings could have made the particular sur-
faces more difficult to clean to an acceptable level [8].
Although 30% hydrogen peroxide has a protein solving effect,
mechanical removal of dental plaque biofilm by polishing the
teeth before disinfection, thus reducing the microbial burden,
would increase the ability of the biocides to operate more
efficiently and improve the operative field asepsis.

Dental dam application and operative field disinfection are
not complicated procedures. It is likely that the observed dif-
ferences between the general dentistry clinic and the specialist
clinic simply reflect the amount of time and effort spent on
isolating and disinfecting the operative fields, and that it also
reflects the level of biological awareness of the basic patho-
logic problems that endodontic treatments encompass. Since
the goal of endodontic treatment is to either prevent apical
periodontitis or remove the microorganisms that cause apical
periodontitis from the root canals, it is of utmost importance
to establish and maintain asepsis during treatment. Root canal
treatment is a multistep procedure, and each step depends on
the previous step for its cumulative efficiency. If the important
steps of isolation and disinfection are not performed ade-
quately, the subsequent steps will suffer, and it may affect
treatment outcomes [19-21]. Having a basic microbicide intent
permeating each treatment step is of value for successful
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endodontic treatments, meaning that allocating sufficient time
to properly isolate and disinfect the operative field, and keep-
ing track of the application times, are prime requirements.

This study has certain limitations. A failure to detect
microorganisms does not necessarily mean they are absent.
Culture-dependent studies have limitations related to low
sensitivity and the inability to detect difficult-to-grow or
as-yet-uncultivable microorganism, meaning the true number
of positive samples could be higher than was detected [31].
Also, the mere presence of viable microorganisms on the
operative field does not automatically denote a high risk of
root canal infection during treatment. Far from all microor-
ganisms are able to survive and thrive in the specific environ-
ment found in the root canals [7,32]. Since the aim of the
study was to assess the ability of general dentists to reduce
the amount of contaminating bacteria to a non-cultivable
level, and compare the result with that of endodontic spe-
cialists, no further analysis of the species and origin of the
microorganisms was performed. Such an analysis could have
offered a better understanding of potential sources of con-
tamination and the potential risk the contaminations could
pose for the development of root canal infections.

To our knowledge, this is the first clinical study of endodon-
tic operative field asepsis performed in general dentistry. The
result shows insufficient endodontic aseptic control in general
dentistry. However, the results also indicate that general den-
tists can achieve a higher level of asepsis under certain cir-
cumstances since there were significantly fewer positive
samples collected during the first half of the trial. Further
inquiries into what affects general dentists’ endodontic infec-
tion control performance in their daily clinical practice are war-
ranted. The results from the endodontic specialist clinic show
that both protocols can be effective means to reduce the
amount of microorganisms on the operative field to a
non-cultivable level, though the iodine protocol was found to
be more effective. However, the significant difference observed
between the two protocols may not reflect a true difference,
since confounding factors may have influenced the result.
Further studies need to be conducted in order to evaluate the
potential difference in the antimicrobial efficacy between the
two protocols. The comparison between the general dentistry
clinic and the endodontic specialist clinic showed a signifi-
cantly higher level of contamination in the samples collected
in general dentistry, which indicates that general dentists may
underestimate the impact microbiological factors have on the
prognosis of root canal treatments. The future challenge is to
raise awareness in general dentistry of the microbiological ele-
ments of endodontic treatments and the vital importance of
prioritizing proper infection control.
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Abstract

The aim of the present study was to investigate perceived barriers and facilitators
to hand hygiene adherence among dental health care workers in a cross-sectional
mixed methods approach.

The survey was distributed to 2,990 dental health care workers in Sweden. Open-
ended questions were analyzed using the theoretical domains framework, closed-
ended questions with Pearson’s chi-squared test and factor analysis.

The response rate was 41.5%. Of the respondents, 79.8% strongly agreed that
they always complied with the hand hygiene protocols, while 23.2% strongly
agreed their co-workers always complied with the protocols (p <.001). Although
most rated their compliance with the hand hygiene protocols as very good, a
majority admitted not performing hand hygiene in complete accordance with the
protocols. The main perceived barriers were environmental context and resources
(time, workload, supplies). Conflicting messages and demands were recurring
themes regarding barriers. Beliefs about consequences (self-protection/patient
protection) social influences, professional role, and knowledge were facilitators.
Suggestions on how to improve hand hygiene focused on education combined
with practical training and assessment, prioritizing infection control over
conflicting demands, and creating a positive culture supporting good hand
hygiene.

One key finding is that resources for hand hygiene are sometimes lacking, and
this impacts the dental health care workers’ ability to comply with best practice.
Also, there is a need for recurring training and assessment of hand hygiene skills.
The dental health care workers are influenced by various factors, which may
result in nonadherence in some situations. It would be of value to add
observational data to provide the comparison of what is actually happening in
practice.



Introduction

Hand hygiene is the cornerstone of infection control and possibly the single most
effective measure to reduce health care associated infections (1). Although the
clear benefits of good hand hygiene have been proven, the lack of consistent hand
hygiene practices within health care remains a worldwide issue (1-3).

Self-reported hand hygiene adherence is often high (4-6). However, research
shows that there tends to be a discrepancy between self-reported and observed
hand hygiene adherence (7-9). Observational studies performed in dentistry have
reported varying hand hygiene adherence (10—14). Cheng et al. (10) observed an
overall compliance rate of 34.7%, while Mutters ef al. (11) observed that more
than half failed to disinfect their hands correctly before dental work. Thivichion-
Prince et al. (12) reported an overall compliance rate of 39.9% and that only
36.6% of the observed hand hygiene involving hand rubbing were performed
correctly.

Most strategies to improve hand hygiene compliance in health care have had
small to moderate effects (2, 15). It has been suggested that a combination of
strategies may be more effective than single interventions (1, 3, 16). To achieve
a sustained improvement in hand hygiene, the World Health Organization has
developed a multimodal strategy for the improvement of hand hygiene in health
care, which prioritizes five areas: change in the system, education and training,
evaluation and feedback, reminders in the workplace, and a favorable security
climate at the facility (1). However, evaluations of multimodal strategies have
rendered varying results (2, 15, 17). A contributing factor may be that different
combinations of interventions may lead to different outcomes, and interventions
that have been successful in one area of health care may not be as effective when
applied to other health care environments (15). Before implementing different
interventions, it is important to identify the specific intervention, or combination
of interventions, which may most impact hand hygiene in a specific environment
(2, 15).

While hand hygiene itself is a relatively simple procedure, it is performed in
complex environments with many potential barriers and facilitators to adherence,
and this complexity of factors must be considered (1, 3, 18). The dynamic of
behavioral change is also complex, and it is necessary to understand why
individuals engage, or do not engage, in a behavior (19, 20). Therefore, when
identifying potential risk factors for poor hand hygiene compliance, the beliefs
and perceived barriers to altering an individual’s hand hygiene behavior are a
major consideration (1, 18).

Behavioral theories identify possible determinants of behavior (19). These
determinants constitute the pathways through which behavior change techniques



could influence behavior (19, 20). The theoretical domains framework (TDF) is
a behavior change and implementation framework developed for applications
within health care (21). It is a validated, integrative framework based on 33
theories and 128 constructs and can be used to identify factors that contribute to
the success or failure of a protocol or intervention (21, 22). By identifying
perceived facilitators and barriers to hand hygiene among dental health care
workers, the TDF could be used to locate areas of improvement and measures
that may foster improved hand hygiene in dental care.

The aim of the present study was to investigate perceived barriers and facilitators
to hand hygiene adherence among dental health care workers, and to assess their
self-reported hand hygiene adherence.

Material & Method

Data collection was performed using a cross-sectional mixed methods approach,
with the TDF as an analytical framework.

An exploratory survey was first constructed to assess the landscape of perceived
barriers and facilitators to hand hygiene compliance. Twelve volunteering dental
health care workers answered open-ended questions about what they perceived
affected their own and their co-workers’ hand hygiene compliance. Content
analysis of the responses was performed (by LM, SH) using a TDF codebook.

Ten TDF domains were identified in the responses: knowledge, skills,
professional role and identity, beliefs about capabilities, beliefs about
consequences, reinforcement, memory attention and decision processes,
environmental context and resources, social influences, and emotion. The
responses and the analysis functioned as a guide for the construction of the
questionnaire. Five-point Likert-type questions, ranging from strongly disagree
to strongly agree, regarding hand hygiene, were compiled. Three open-ended
questions were included to explore the dental health care workers’ perception of
barriers and facilitators to hand hygiene, and to probe their ideas of how to
improve hand hygiene compliance.

The project received ethical approval from the Swedish Ethical Review Authority
(DNR 2021-00389).

A volunteer group of 15 dental health care workers tested and gave feedback on
the questionnaire, after which 38 dental health care workers piloted the
questionnaire twice, with two weeks in between. The test-retest reliability of
closed-ended questions was measured with Spearman’s rank correlation
coefficient (0.74 <1,>0.93). The TDF codebook was tested on the message units
to ensure the coders' (LM, CBH) coding was in agreement. Disagreements in



coding were resolved through consensus discussion. For calibration of content
analysis, inter-rater reliability was assessed and confirmed at >80%, and the
degree of agreement between scores at test and retest was assessed and confirmed
at>70% agreement.

The sample size was calculated at 1,016 respondents (99% CI, 4% margin of
error, 0.5 SD). With an expected response rate below 50%, up to 3,000 dental
health care workers needed to be invited. A non-probability sampling method was
used. Organizations/clinics were approached and enrolled, ensuring an even
distribution across the country. Invitations to participate in the survey were then
distributed by the employers to 2,990 dental health care workers in Sweden,
10.7% in private dental care and 89.3% in public dental care, during July-October
2021. The questionnaire was made available through the web-based survey tool
Sunet Survey (Artisan Global Media, Vixjo).

Closed-ended questions were analyzed using exploratory factor analysis; whether
it was a barrier or facilitator was determined by reviewing the scores of the
questions (with adjustment for negative wording); low scores identified a theme
as a barrier, and high scores as a facilitator for compliance with hand hygiene
measures. The closed-ended questions were, when dichotomized, analyzed using
Pearson’s chi-squared test (SPSS Statistics 28, IBM, Armonk, NY), and the level
of significance was set at 5%. Analysis of variance was performed with Kruskal-
Wallis H-test. Content analysis of open-ended questions was performed, using
NVivo qualitative data analysis software (QSR International Pty Ltd.). A single
response could contain one or more message units. The content was coded and
organized into thematic categories (by LM, CBH). Themes were then mapped to
the TDF. Disagreements (13.7% of the message units) were resolved in a
consensus discussion (LM, CBH, AEB). The qualitative data was quantitized by
calculating the frequency of message units mapped to the specific domains.

Results

Of 2,990 invited respondents, 1,241 returned the questionnaire. The overall
response rate was 41.5%. Of the respondents, 49.6% were dental assistants,
33.5% dentists, and 19.6% dental hygienists. The response rate for the different
professions: dentists 45.3% (416/918), dental hygienists 42.3% (243/574), and
dental assistants 38.9% (582/1498).

Closed-ended questions

The response rate on the closed-ended questions was 98.7-100%. There was more
consensus among the respondents regarding facilitators than barriers (Table 1).



Table 1
The main domains to which hand hygiene barriers and facilitators were mapped in the closed-ended
questions.

. Respondents
TDF-domain Examples agreeing
Professional role Acting as a role model, professional 97.1%
and identity duty to keep good hand hygiene. e
Beliefs about Protecting patients and oneself from 05.8%
consequences infections. e
Facilitator Social influences Support and encouragement from 85.3%

coworkers and management.

Feeling guilty if not performing hand

Personal factors, hygiene, embarrassing if coworkers 85.2%

emotions think you have poor hand hygiene.
Environmental Time constraints, inconvenient
factors and placement of hand hygiene 74.7%
resources commodities.
. Lack of feedback, difficult giving
Barrier Reinforcement feedback, lack of discentives. 66.9%
Memory, attention, Cognitive stress. 66.5%

and decision making

Almost all respondents strongly agreed with the statement that their own
knowledge of hand hygiene was good, but several agreed they could make
mistakes with their hand hygiene occasionally (Table 2). Of the respondents,
79.8% strongly agreed with the statement that they always complied with the
hand hygiene protocols, while only 23.2% strongly agreed their co-workers
always complied with the hand hygiene protocols (p <.001). While 41.2% agreed
that stress could negatively affect their own hand hygiene, 88.1% agreed stress
could have a negative effect on their coworkers’ hand hygiene (p <.001). Most
(92.0%) agreed that regular monitoring of hand hygiene improves compliance
with the protocols, but fewer (47.6%) thought it improved their own compliance
(p <.001). Of the respondents, 15.8% believed that their coworkers would remind
them if they forgot to perform hand hygiene, while 31.3% would remind their
coworkers if they forgot to perform hand hygiene.

The differences between the professions were relatively small and mostly not
significant. When dichotomized (agree/disagree), a few significant differences
were found. Significantly more dental assistants and dental hygienists agreed
with the statement that their hand hygiene adherence was improved by



monitoring, compared to dentists (p =.003). Significantly more dentists agreed
their hand hygiene was negatively affected by stress (p =.010) and that at times
they would perform their hand hygiene less thoroughly (p <.001), compared to
dental assistants.

Table 2
Self-assessed hand hygiene adherence.
| have good knowledge of the hand hygiene | always wash or disinfect my hands
guidelines correctly

n valid % n valid %

Strongly agree 1169 94.2  Strongly agree 874 70.6
Agree 69 5.6 Agree 340 27.5
Neutral 0 0 Neutral 13 1.0
Disagree 3 0.2 Disagree 4 0.3
Strongly disagree 0 0 Strongly disagree 7 0.6
Total 1,241 100 Total 1,238 100

Missing 0 Missing 3
| always perform hand hygiene when I'm My hand hygiene can be improved,
supposed to, but sometimes | do it less | sometimes make mistakes
thoroughly

n valid % n valid %

Strongly agree 287 23.3 Strongly agree 376 30.5
Agree 585 47.4  Agree 145 11.8
Neutral 45 3.6 Neutral 67 5.4
Disagree 186 15.1 Disagree 479 38.8
Strongly disagree 130 10.5 Strongly disagree 167 13.5
Total 1,233 100 Total 1,234 100

Missing 8 Missing 7

Open-ended questions

The question “What helps you keep good hand hygiene, and what makes it more
difficult for you to keep good hand hygiene?” had a response rate of 84.9%
(1053/1241). In the responses, 3,626 message units were identified and mapped
to relevant domains of the TDF. Nine determinants of behavior were identified,
of which six were considered important (Table 3). No significant differences were
seen between the professions. Of the respondents, 9.3% stated that nothing made
it difficult for them to maintain good hand hygiene; many referring to long work
experience and good habits as the reason they experienced no difficulties.



Table 3

The main domains to which message units were mapped on the open-ended question about hand
hygiene barriers and facilitators.

TDF
Domain

Environ-
mental
context and
resources

60.3%

Knowledge

25.6%

Attention,
memory,
cues,
cognitive
affect, and
decision-
making.

251%

Skills

21.2%

Facilitators and barriers
(n. of message units)

Facilitator (525): Sufficient time to
complete hand hygiene; air
conditioning /adequate room
temperature; planning of room/clinic to
facilitate hand hygiene; hand hygiene
products available and always within
reach.

Barrier (753): Shortage of supplies for
hand hygiene; inconvenient placement
of hand hygiene products/facilities;
poor quality of hand hygiene products;
lack of time to perform hand hygiene;
staff shortages

Facilitator (468): Knowledge of
protocols and guidelines; availability of
education on hand hygiene; reminders
of hand hygiene protocols; interest in
education/information on hand
hygiene.

Barrier (75): No recurring education,
being unaware of own knowledge

gaps.

Facilitator (34): Reminders in the
workplace (hand rub placement,
posters, oral reminders) trigger
memory to perform hand hygiene; not
being interrupted.

Barrier (497): Stressful situations;
distractions; remembering that it
should be done but choosing not to do
it; cognitive overload.

Facilitator (299): Recurring hand
hygiene training; individual
assessment; positive reinforcement
through practice; self-perceived ability;
feedback on hand hygiene skills.

Barrier (149): Lack of training and
reinforcement of hand hygiene skills;
lack of assessment and feedback on
skills.

Exemplar quotes

“Having hand rub in several different
places so | never have to move far to
clean my hands. Also, enough time to
do it properly.”

“Being understaffed and overbooked is
a good way to ensure poor hand
hygiene.”

“We discussed the hygiene policies
regularly even before Covid. We have
had online courses and updates on
hand hygiene and infection control. It
has helped us all stay current.”

“I think it is easy to overestimate your
own knowledge and underestimate
your own need for updates.”

“We have hand rub everywhere, so you
are constantly reminded to disinfect
your hands, even when you’re under a
lot of stress.”

“Honestly, stress makes me forget, and
sometimes | skip using hand rub
because it makes it difficult to put on
new gloves — it takes too much time.”

“We have a so-called ‘hygiene police’
at our clinic. She gives us feedback (..),
and we’ve evaluated our hand hygiene
with UV-lights.”

“We practice CPR regularly and we
should do the same with hand hygiene.
Most are not as good at it as they think
they are.”



TDF Facilitators and barriers
. " Exemplar quotes
Domain (n. of message units)
Social Facilitator (187): Positive attitude “That everyone at work supports good
influences towards hand hygiene in workplace; hygiene and has a positive attitude
support from leaders/coworkers; acting towards hand hygiene.”
as a good influence; receiving good
19.0% influences; organization/facility places

Beliefs about
consequences

15.5%

value on good hand hygiene.

Barrier (215): Conflicting messages in
workplace regarding importance of
hand hygiene; negative influences;
leaders/coworkers not supportive.

Facilitator (311): Awareness of risk of
transmission of infection; intent to
avoid negative consequences of not
following hand hygiene protocols for
self/co-worker/family/patient.

Barrier (17): Downplaying risk of
transmission/importance of hand
hygiene; intent on avoiding perceived
negative consequences of performing
hand hygiene.

“The expectation from both patient and
employer is that a treatment should be
fast AND safe. But the understanding
that sufficient time is required to
maintain good hygiene is generally low.
It puts a lot of pressure on you.”

“Just the thought of the
microorganisms present in a patient’s
mouth makes me wash my hands up to
the elbows. | don’t want to get infected
or infect someone else.”

“Handwashing and hand rub destroys
my skin, so | try to choose when I really
need to do it and when it's okay to just
change gloves. But | am always
careful, | don’t put anyone at risk.”

Conflicting messages and conflicting demands were recurring themes regarding
barriers to good hand hygiene. Message units regarding conflicting demands were
mainly mapped to the TDF domain “environmental context and resources”.
Primarily, time-related shortages were mentioned as conflicting with hand
hygiene compliance: “Time pressure makes it impossible to live up to the hygiene
guidelines.” Some respondents explained how they dealt with the conflict: “My
approach is to always be late for the next patient.”” The theme of conflicting
messages was mainly mapped to the “social influences” domain. Mostly,
demands from management and co-workers that conflicted with the demand to
keep good hand hygiene were mentioned: “When [ wash my hands ‘oo
thoroughly’, the dentist I work with gets irritated because he must wait.”

Several respondents commented on why they sometimes omitted performing
hand hygiene; mainly, time pressure and/or difficulties in putting on new gloves
after using hand-rub were mentioned. Some reported avoiding using hand-rub
because of skin irritation or because of small wounds/cuts on their hands. A few
respondents mentioned only being allowed to have one bottle of hand-rub in each
treatment room due to fire safety reasons, which made it more difficult for them
to adhere to the hand hygiene protocols.

Suggestions on how to improve hand hygiene compliance had a response rate of
88.1% (1093/1241). In the responses, 2,392 message units were identified. Most



message units were mapped to the TDF domains “environmental context and
resources” (27.5%), “skills” (18.6%), “knowledge” (17.5%), “reinforcement”
(12.9%), “social influences” (11.1%), and “optimism” (8.9%). Many suggestions
focused on recurring education combined with practical training of hand hygiene
skills, often together with assessment of performance. Some suggested the use of
educational kits, such as UV lights or virtual reality kits, for training. One
respondent commented: “You can't know what you don't know, so it’s good to get
some feedback.”

Although the need for monitoring and individual feedback was lifted by several,
some found it difficult to give or receive feedback on hand hygiene performance.
Better placement of hand hygiene facilities and ergonomically positioned
dispensers, as well as the importance of good maintenance of hand hygiene
facilities, were mentioned by many, some calling for a more comprehensive
approach to facilitate good hand hygiene in the workplace. Another suggestion
was to have infection control explicitly prioritized over conflicting demands and
to allot sufficient time for hand hygiene. Having incentives in the organization
for good hand hygiene was also mentioned, as well as creating a positive culture
supporting good hand hygiene in the workplace. Some respondents put emphasis
on the importance of having good role models and acting as a good role model
yourself. Noteworthy is that 8.9% of the respondents replied that no interventions
and no improvements were needed: “Can't see any problems, we're already good
atit.”

Discussion

This study examined perceived barriers and facilitators to hand hygiene
adherence among dental health care workers. The TDF domains of
“environmental context and resources” (time, workload, supplies), and “attention,
memory, cues, cognitive affect, and decision-making” (cognitive stress, choosing
not to perform hand hygiene) were the dominant barriers. Lack of reinforcement
(monitoring, feedback) and negative social influences (conflicting messages, lack
of support) were also perceived as barriers to hand hygiene adherence. These
barriers are relatively consistent with those seen in other health care settings,
where time constraints, high workloads, lack of support, and suboptimal
facilitating conditions are consistently mentioned as barriers to hand hygiene
adherence (2, 3, 9, 23, 24).

Very practical aspects, such as having hand hygiene facilities in the correct
places, well stocked, easily accessible, and having enough time to perform hand
hygiene correctly, were perceived to have a major impact on hand hygiene
behavior. The literature from other areas of health care also underlines the
importance of the location of hand hygiene facilities and having sufficient time
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to perform hand hygiene (1,2,16,17). The question is why these barriers persist if
it is well known that the adequacy of resources to perform hand hygiene is
essential to compliance. One reason could be that underlying factors affect the
identified barriers. A possible underlying factor is organizational culture, since
organizational culture is often found to influence hand hygiene compliance
(1,9,24,25). The value the organizations placed on hand hygiene was also raised
by several respondents, some mentioning that hand hygiene was not truly
prioritized over conflicting demands. If the organizational culture does not
emphasize infection control, and instead prioritizes competing concerns, it will
have a negative impact on the safety culture in the organization (26).

A group of respondents did not see any problems with keeping good hand hygiene
and did not believe that any interventions or improvements were needed. It is, of
course, difficult to evaluate their assessment without additional observational
data. However, ample research shows that there tends to be a discrepancy
between self-reported and observed hand hygiene behavior (7-9). Clinicians
often think that their hand hygiene is good and report that they perform hand
hygiene more frequently than they actually do. Research has also found that
health care workers report worse hand hygiene compliance numbers for peers
than for themselves (7, 8). Similar tendencies were seen in this study. “You can’t
know what you don’t know”, as one respondent wrote, sums up part of the
problem. It can be difficult to assess your own hand hygiene performance
adequately. During stressful situations, the dental health care workers may not be
aware of their own mistakes—but may have noticed their coworkers’ mistakes.

Many respondents were in favor of monitoring hand hygiene adherence, and a
majority thought it would improve compliance—at least among their coworkers.
Yet relatively few respondents mentioned being monitored or receiving
individual feedback on hand hygiene performance, and very few reported
receiving practical hand hygiene training. The responses also showed there is a
low likelihood of feedback being given within the workgroups. Monitoring hand
hygiene performance and providing feedback are essential elements of successful
hand hygiene programs (27). Monitoring can improve compliance by showing
discrepancies between perceived and actual behavior, giving real-time reminders,
and through the Hawthorne effect created by the monitoring itself (3,17). Many
of the respondents’ suggestions for how to improve hand hygiene also focused
on recurring education and practical training of hand hygiene skills, often
together with monitoring and assessment of performance. Although hand hygiene
is not a complicated procedure, it is still a skill that needs to be maintained, which
makes periodic education and training important (27).

Even if most respondents rated their own knowledge of, and compliance with,
hand hygiene protocols as very good, several admitted not performing hand
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hygiene in complete accordance with the protocols. The question is why
individuals assess their own adherence as very good, while simultaneously
admitting that they do not follow the protocols. From the respondents’
perspective, good hand hygiene may simply mean the clinicians follow the
protocols to the extent they find possible/manageable. Although dental health
care workers may have the intention to adhere to hand hygiene protocols, they
are influenced by various other factors, which may result in nonadherence in
certain situations. Hand hygiene protocols and hand hygiene assessment often
assume that the dental health care workers are always in direct control of the
decision to perform hand hygiene, but they can be confronted with a lot of
competing and conflicting priorities and demands (28). When the actions are not
in accordance with best practice, they may be the result of trade-offs with
(acknowledged or denied) consequences. Therefore, programs to improve hand
hygiene compliance cannot solely rely on awareness and motivational factors for
the individual but must also consider the other major barriers and facilitators to
hand hygiene behavior (28, 29).

Most perceived facilitators were a mix of individual, social, and organizational
factors; for example, knowledge (own knowledge, receiving education), skills
(own skills, receiving training/assessment), and social influences (being a good
influence, receiving support/encouragement). Many of the respondents’
suggestions for how to improve hand hygiene also focused on education and
training, the importance of having infection control explicitly prioritized over
conflicting demands and creating a positive culture supporting good hand hygiene
in the workplace. The impact that knowledge, skills, and social influences have
on hand hygiene adherence has been identified in several studies (2, 9, 23-25)

Some facilitators related mostly to individual factors; for example, emotions
(guilt, embarrassment) and beliefs about consequences (self-protection/patient
protection). It has been reported that emotions have an influence on the intention—
behavior gap associated with modifying hand hygiene behavior (23, 24, 29). It is
important to consider if the identified determinants of behavior represent “real”
factors that exist in practice. That a factor is perceived as a facilitator does not
automatically translate into actual hand hygiene performance. For example, it has
been found that the motivation of patient protection does not necessarily predict
actual hand hygiene frequency, while self-protection has been found to be a
consistent motivator in relation to hand hygiene performance (9, 23, 24, 30).

There are limits to self-reported data. People can simultaneously hold conflicting
ideas and beliefs, which can make them answer in self-contradictory ways, or
they may respond based on what they believe is the correct answer, rather than
what is true (31). Furthermore, the study may be prone to a non-response bias.
Those who did not respond could significantly differ from those who did; perhaps
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mainly respondents with an explicit interest in hand hygiene participated. The
timing of the survey may also have influenced the interest and investment in hand
hygiene, as it was distributed during the COVID-19 pandemic. Another limitation
may lie in the categorization itself, as categorizing any factor or process as a
“barrier” or “facilitator” may reduce complex and dynamic processes into
simplified statements. There is the issue of whether they represent factors that
actually exist in practice, or if they are constructs standing in for more complex
underlying factors. It is important to note that there is often an overlap between
identified barriers and facilitators. For example, similarities may exist between
identified factors, e.g., lack of training and lack of resources, which can be
suspected to relate to the same overarching problem.

To sum it up, many determinants of behavior affect hand hygiene compliance.
This makes compliance with guidelines challenging and may result in
nonadherence in certain situations. One key finding is that resources (time, hand
hygiene facilities) are sometimes lacking, which impacts dental health care
workers’ ability to comply with best practice. Another finding is that there is a
need for recurring training, assessment, and individual feedback on hand hygiene
performance. It is also important to be aware of the impact that social influences
and organizational commitment have on hand hygiene adherence in the
workplace. Despite the similarity of barriers and facilitators seen in other health
care settings, interventions need to be tailored to select specific strategies adapted
to clinical practice in dentistry. It would be of value to add observational data to
compare views with what is actually happening in practice. Longitudinal
qualitative observational studies could also provide further insight into the
barriers and facilitators experienced by dental health care workers.
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