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PREFACE 

Historically the dental health services in Norway has not offered a systematic and 

standardised treatment of dental anxiety. The management of dental anxiety has been limited 

to the dentists’ toolboxes, mainly resorting to sedation. While there existed a local 

competence in treating dental anxiety at the institute of clinical odontology in Bergen and the 

following establishment of a nationally organised interest group for odontophobia (NOFOBI), 

the principal goal for most dentists in regular clinical practice was enabling dental treatment 

for the current treatment need, not reducing dental anxiety. In 2012, the Norwegian 

Directorate of Health started to appropriate money to fund treatment, education, and research 

in adult patients who have been victims of torture and abuse and dental phobia patients. This 

initiative, called the TOO project (1), was advocated by a notion that people belonging to 

these clinical groups are unable to make use of the dental health care services. Therefore, the 

project’s overarching goal was to provide equal access to health care for these patient groups. 

The treatment approach is interdisciplinary, where dental professionals and psychologists 

work with the patient to reduce the anxiety so that it becomes possible to carry out dental 

treatment.  

The interdisciplinary collaboration broadened the perspective beyond the current dental 

treatment need. Treatment goals changed from adapting the dental treatment in anxious 

patients to reducing anxiety, making standard dental treatment possible. While this might 

seem like mostly different semantics, they are entirely different treatment paradigms.  

The TOO project is ongoing to this day, and the project has funded the work behind this thesis 

at the Public Dental Health Service Competence Centre of Northern Norway and the 

Department of Clinical Dentistry, Faculty of Health Sciences, UiT Arctic University of 

Tromsø. 

The Norwegian Directorate of Health published a consultation draft 14.02.2020 for the dental 

health services, recommending that all children in all counties have equal access to 

interdisciplinary treatment similar to what adults have in the TOO project. The consultation 

draft is currently under processing, and the final national recommendations are expected this 

year (2).  
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ABSTRACT 

The consequences of dental anxiety and longstanding anxiety-related avoidance of dental 

treatment are often detrimental and not limited to poorer oral health; it can jeopardise general 

health and wellbeing. The present thesis aims to describe dental anxiety among adolescents 

and adults. Seeking answers to questions about what maintains high dental anxiety among 

adolescents and explore the potential effect of traumatic life events outside the dental setting 

on dental anxiety in the adult population.  

Paper I (Fit Futures 1 - FF1). High dental anxiety (dental anxiety score ≥ 13) was reported by 

11.6% of the adolescents. This study found no significant difference between the dentally 

anxious and those with lower dental anxiety scores on dental caries, psychological distress, 

and questions related to self-motivation concerning oral health and knowledge. However, 

there were significant differences among those with high or low dental anxiety concerning 

anticipated pain at the dentist, avoidance of dental treatment, social motivation concerning 

oral health, control belief, and sex.  

Paper II (Fit Futures 2 - FF2). Although the mean dental anxiety level decreased over two 

years (median changed from DAS 7 to DAS 6), the proportion of individuals reporting high 

dental anxiety (≥ 13) was unchanged and marginally increased for individuals with a dental 

anxiety score ≥ 15 (from 5.7% in FF1 to 6.4% in FF2). First wave measures (FF1) of dental 

anxiety, psychological distress, and dental caries significantly predicted high dental anxiety 

two years later. Nonetheless, the fascinating finding in this study was that more dental caries 

also significantly predicted reduced dental anxiety. Anticipated pain at the dentist changed in 

both directions in correspondence with changes in dental anxiety scores, implying that 

treatment needs offer an opportunity to provide treatment that reduces dental anxiety.  

Paper III (The Tromsø Study 7). High dental anxiety was reported by 2.9% of the sample 

and was most prevalent among women and the youngest age groups. Individuals with high 

dental anxiety reported more mental health symptoms, and they were more likely to report 

poorer oral health and irregular dental visits than individuals with no or lower dental anxiety 

scores. Concerning traumatic life events, the reporting of painful or frightening dental 

treatment showed the biggest difference between those with high dental anxiety and low 

dental anxiety scores (a moderate effect). The hierarchical regression model indicated that 

reporting sexual abuse, traumatic medical treatment in hospital, and childhood neglect 
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significantly predicted dental anxiety in their entered step. Only sexual abuse remained a 

significant individual contributor after controlling for current mental health symptoms.   

The overall results underline the need for familiarity with trauma-sensitive care among dental 

health care professionals and that standard dental treatment has the potential for reducing mild 

and moderate dental anxiety in adolescents. However, while beneficial for most adolescents, 

existing dental care and prevention is insufficient for reducing dental anxiety in highly 

anxious individuals. 
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1 INTRODUCTION 

This thesis address topics with a high impact on oral health (Figure 1). Despite the decline in 

dental caries in high-income countries (3), the burden and cost of oral diseases remain high 

worldwide (4, 5). If anything, the inequalities of oral diseases are more evident than ever, 

disproportionally affecting marginalised groups in society (5). In addition, oral diseases share 

common risk factors with other non-communicable diseases (5, 6). Oral diseases like dental 

caries are irreversible and follow the individual through the lifespan. Consequently, early 

preventive interventions and early detection and treatment are essential.  

Dental anxiety and the subsequent inability to utilize dental health services can result in poor 

oral health (7, 8), which may be especially burdensome considering the psychosocial aspects 

of dental anxiety and accompanying fear of social evaluation (9). Good oral health includes 

more than the absence of oral diseases and oral pain (10), as it includes the ability to speak, 

aesthetics (11), and quality of life (12, 13). In other words, oral health affects social and 

mental wellbeing.  

The prevalence of high dental anxiety in the general population has been explored without 

concurrently considering the impact of traumatic experiences, oral and mental health 

symptoms. However, high dental anxiety is more prevalent among victims of sexual abuse 

(14) and torture (15) than in the general population, and interpersonal traumas are directly 

related to poorer physical health (16). Adverse childhood experiences substantially affect 

mental and physical health (17-19), including oral health (20-24). Consequently, one could be 

inclined to theorise that traumas outside the dental setting, in this text referred to as 

“potentially traumatic events” (PTEs), can be generalised to affect the perception of dental 

treatment and oral health among trauma survivors. Studies on abused women have shown that 

traumas of similar invasive character, especially those related to the oral cavity, are important 

(14, 25). However, there is scarce evidence about the association between sexual abuse and 

dental anxiety in the general population (26-28). Considering the burden that adverse trauma 

constitutes to the individual, not addressing the consequences on oral health and potential 



 

16 

difficulties in receiving dental treatment adds to their future risk of disease and social 

marginalisation (5, 6, 29, 30).  

Figure 1. Theoretical interconnected concepts explored in this thesis 

 

 

Oral health 

“The mouth really is a marker of people’s social position and future disease risk” – Richard 

Watt (31). 

Dental caries affects over 80 % of the adult population (4). There has been a decline in caries 

prevalence due to the use of fluoride in many industrialised countries (3). However, the young 

adult Norwegian population has high caries activity (4), and caries is still the leading cause of 

orofacial pain and tooth loss (32). Thus, establishing and maintaining good oral health by 

preventing caries is an important public health issue (32). The World Dental Federation’s 
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definition of oral health (10) underlines oral health as an integral part of general health-related 

physical, psychological, and social wellbeing. Oral health and dental diseases affect more 

than the ability to chew—it is essential for social abilities, for instance, how to communicate, 

smile, and express emotions. That is why a deteriorated dentition could have a considerable 

impact on a person’s mental health, quality of life, and wellbeing (6, 33-35). People’s health 

behaviour, and therefore the burden of disease, is a result of the social, cultural, and economic 

environment. Oral disease affects populations on a social gradient (36), while most adults 

have caries; severity and extent of oral disease is affected by socio-economical and general 

health factors (32).  

The progression of caries in Norway is highest in the adolescent population; caries incidence 

usually stabilises in adulthood. The mean number of teeth affected by dentine caries increases 

from 1 to 4.3 between the ages of 12 and 18 (37). The reasons for the steep rise in caries 

prevalence in adolescents is not scientifically confirmed but most likely connected to 

motivation, less parental control, change in sleep patterns, and routines. Many health-related 

behaviours originate from adolescence. Successful preventive strategies of caries at this age, 

especially targeting establishing behaviour that is likely to be robust over time, will contribute 

to a healthy dentition into adulthood and old age.  

Avoiding dental care affects oral health depending on the presence of oral disease (7, 8, 38, 

39). Oral diseases, like many lifestyle diseases, has extensively progressed when symptoms 

start to occur. The asymptomatic progression of oral diseases is the rationale behind 

recommending regular dental visits to detect and treat oral diseases early before tooth 

substance or tooth attachment has progressed beyond repair. This notion is not lost upon the 

highly anxious individuals as they often express concerns about their dentition, having 

catastrophic ideas about their teeth and tooth loss (40, 41). In Norway, not bringing children 

to regular dental examinations is considered neglect of their oral health. Routine examinations 

are advantageous on many accounts, not limited to oral health issues. For instance, public 

dental health services are committed by Norwegian law to prevent, detect and avert violence 

and sexual abuse (42). In Swedish children, dental caries and avoidance of dental treatment 

increase the probability of being investigated by social services suspecting childhood abuse or 

neglect (43). 

In addition to oral function, oral health is also central to social interaction and aesthetics. In a 

society attentive to personal appearance, orofacial aesthetics is paramount, and poor oral 
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health could lead to social isolation. Dentally anxious individuals are more self-conscious 

concerning their oral health and considerably less satisfied with their facial and oral 

appearance compared to samples from the general population (11), which can compromise 

their wellbeing in social settings. Further, it can impact their mental health (depression and 

anxiety) and self-image (11). Regardless of potential causal relationships, mental health and 

oral health status play central roles in how people regard their appearance (11).  

Oral health-related quality of life 

Clinically measurable oral diseases can have different impacts across different populations 

and age groups. Several measures try to encapsulate how and to what extent oral health status 

affects everyday life, which corresponds to the “burden of disease” of oral health status. 

Dental anxiety impairs oral health-related quality of life (13, 41, 44, 45), and there is evidence 

to support that it affects health-related quality of life (12, 46) and has a psychosocial impact 

as well (47). Poor oral health in children and adolescents is linked to school absence, 

problems with concentration, and school performance (48, 49). While one could think that the 

impaired oral health status in dentally anxious individuals directs the quality of life measures, 

studies show that dental anxiety explains changes in quality of life more than oral health 

measures (50). This finding underlines that oral health status and oral health-related quality of 

life is more than the sum of decayed, missing, and filled teeth and tooth surfaces.  

Oral health behaviour 

Oral health, like general health, is dependent on everyday choices and behaviour. It is known 

that an individual’s health behaviour is guided by more than the individual’s knowledge and 

ideals concerning our health. The literature provides several theories of health behaviour that 

attempt to explain why people engage in health-promoting or health-harming behaviours (51). 

Even though the theories focus on different aspects of health behaviour, there are shared 

elements between them. Two central elements in theories of health behaviours are the 

concepts of response efficacy and self-efficacy (51). Response efficacy deals with beliefs an 

individual has on how well the behaviour prevents a negative outcome, for instance, how well 

tooth brushing prevents caries. Self-efficacy deals with beliefs about the ability to influence 

events that affect their lives. Self-efficacy are beliefs developed in part through performance 

experience, in which experiencing successful attempts at control that is connected to own 

efforts will strengthen self-efficacy for that behaviour and vice versa. Self-efficacy is also 

influenced by observations of the behaviour and outcome in others and what others say about 
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one’s abilities and probabilities for success. Concerning oral hygiene, self-efficacy would 

indicate how likely an individual is to engage in brushing their teeth or use dental floss, 

depending on different situations, social settings, emotional or physical states (52). In other 

words, self-efficacy is essential in many aspects of life, such as self-regulation, psychological 

wellbeing, and physical health (53). Self-efficacy is also central in adopting healthy 

behaviours, cessation of unhealthy behaviours, and maintaining these changes when situations 

get difficult (54). In addition, self-efficacy beliefs affect biological processes and thereby 

physically influencing disease and health. It can alter stress responses in the immune system 

and increase susceptibility to infection and disease progression (55). Self-efficacy regarding 

own behaviour in the dental treatment situation is closely related to dental anxiety in children 

(56).  

Dental anxiety 

Definition of dental anxiety and clinical characterisation 

High dental anxiety is a persistent and excessive fear of dental treatment that prevents or 

makes dental treatment very difficult. The emotional, physiological and cognitive reactions 

are similar to those experienced when faced with an immediate threat (57-59). The reactions 

are caused by the dysregulation of our normal response to threats, disproportioned to the 

situation’s actual threat (60, 61). Dental anxiety is a broad concept that includes people with a 

wide range of concerns related to dental treatment. Individuals with severe forms of dental 

anxiety have concerns that extend into everyday life (12, 40, 47), even if dental treatment is 

not imminent. The individual often acknowledges the disproportionate fear response but 

cannot self-regulate, and complete avoidance is often the chosen coping mechanism. The 

general practitioner will rarely encounter individuals with severe dental anxiety due to their 

avoidance of dental care but rather milder forms of dental anxiety.  

Dental phobia (Odontophobia) is classified as a mental health disorder (62). The diagnostic 

criteria are coinciding with that of specific phobia (62). In correspondence to other mental 

health disorders, dental phobia is diagnosed using specific criteria, most commonly based on 

a clinical interview with a licensed mental health professional. However, the classification of 

dental phobia as a specific phobia can be limiting (63). The anxiety can extend beyond the 

fear of a particular dental procedure, instrument, or pain. Some have multiple phobias; some 

are more generally anxious (63), while others distrust dental personnel or feel embarrassed by 

the situation, which might indicate a closer resemblance to social anxiety disorders (64). 



 

20 

Studies have found that dentally anxious individuals have more coexisting psychopathology 

(65, 66) and more severe and trauma-related symptoms compared to individuals that suffer 

from other specific phobias (67). In the literature, the terms dental anxiety and dental phobia 

are defined differently. In this thesis, the term dental phobia is used to denote diagnosed 

dental phobia, while dental anxiety or high/severe dental anxiety is used to refer to severe 

anxiety reactions related to dental treatment. 

Prevalence  

The prevalence of dental phobia is difficult to establish since diagnostic interviews are too 

time-consuming and demanding for most epidemiological studies. Therefore, the prevalence 

of dental phobia in epidemiological studies are usually determined by using self-reporting 

forms for dental anxiety and then reporting the percentage of respondents that reach the cut-

off criterion set for dental phobia. However, there is some inconsistency in which questions 

and scales are preferred when measuring dental anxiety (68). Some studies separate the 

anxious from the non-anxious by a single question (69), making it difficult to understand the 

dimensions or severity of their fear. Still, even when using identical forms, the chosen cut-off 

may vary (70). Another and perhaps more important reason why the prevalence of severe 

dental anxiety is difficult to determine is the avoidant nature of the disorder. The issue of the 

underrepresentation of people with dental anxiety in epidemiological studies has been 

addressed previously. For instance, in a national epidemiological survey, Armfield, Slade, and 

Spencer (71) found minimal differences in the proportion of dentally anxious participants in a 

telephone survey who accepted an oral examination compared to those who declined the 

examination. However, individuals suffering from dental anxiety might refrain from 

participating in research on the topic for many interrelated reasons, which might lead to the 

underrepresentation of individuals with high dental anxiety in research.  

Considering these limitations, the prevalence of dental anxiety varies across different age 

groups, notably higher in younger individuals and women (13). High dental anxiety in adults 

ranges from 5–24 % depending on measurements, cut-off levels, and study population (45, 

67, 72-75). In children and adolescents, the prevalence of dental anxiety varies between 5 and 

30 % (76-80).  
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Aetiology, risk factors, and the onset of dental anxiety 

Theories on how dental anxiety develops are mainly based on research on adults but 

supported by studies on children (78). The aetiology of dental anxiety or dental phobia is not 

straightforward, and the causes behind each individual’s dental anxiety are varied. There has 

been suggested that the trajectories of dental anxiety vary across different ages of onset (81). 

Findings indicate that family history of dental anxiety predicts early childhood-onset and trait 

anxiety characterises the adolescent-onset, while among those with adult-onset, there is more 

comorbidity with other fears and psychiatric problems (82). Children and adolescents differ 

from adults in terms of cognitive and social maturation and are probably more vulnerable to 

invasive and potentially painful dental treatment procedures related to the development of 

dental anxiety. Several studies have described endogenous or exogenous components of 

dental anxiety (82-84). Exogenous factors are linked to aversive experiences, or vicarious 

learning, whereas endogenous factors describe an increased latent vulnerability for 

developing anxiety disorders, which could be viewed as personality traits (83). Exogenous 

factors such as negative, painful, or traumatic experiences in the dental setting are central 

predictors for dental anxiety (82, 85). However, what constitutes a negative experience is 

subjective. It depends on both individual factors as well as the relational interplay between the 

patient and the dental personnel. Adding to this complexity, predictors seem to change 

depending on the age of onset of dental anxiety (82). In line with the latent inhibition theory 

in classical conditioning, having experienced positive or neutral dental treatments is 

considered a preventive measure to hinder the development of dental anxiety (86). 

Endogenous factors such as personality traits and temperament make individuals more or less 

vulnerable to develop anxiety based on negative experiences, and endogenous factors also 

play a role in sustaining high dental anxiety over time (84). For example, the degree of 

negative emotional response to threats, challenges, and frustrations varies and can be 

measured as neuroticism (87). Neuroticism describes an individual’s inclination to worry, 

think negatively, and be self-conscious, irritable, hostile, vulnerable, sad, and angry (88). 

Scoring high on neuroticism is a common denominator associated with other mental health 

disorders and dental anxiety (87, 89-91). If we rely on the pragmatic definition of a cause, that 

it is a variable we can produce or prevent, endogenous factors should not be viewed as causes 

due to our inability to produce or prevent them (92). Still, they explain the variability of 

dental anxiety across groups that differs in these traits (92).  
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Studies have shown that among dentally anxious individuals, the proportion that reports adult-

onset is as high as 30 to 50 % (90), challenging the view that dental anxiety predominantly 

originates in childhood and adolescence. Longitudinal studies confirm that although the 

majority report relatively stable dental anxiety scores over time, new individuals become 

anxious in all age groups (75, 84, 93-95). The highest incidents rates of dental anxiety occur 

in the younger age groups and decrease among the elderly (75, 93).  

Women report a greater desire for control and to feel less in control in the dental setting 

compared to men (96). Sex differences are also evident on a neural level, where symptom 

provocation appears to activate different parts of the brain in the sexes, indicating that men 

and women suffering from dental anxiety use diverse attention and emotional regulation 

styles when confronted with fear-provoking stimuli (97). The differences concern prefrontal 

activity and express a difference in attention focusing and cognitive avoidance (98). These 

differences in neural activation could explain the sex differences in the loss of control as 

phobic men have more prefrontal activation than phobic women in an area connected to self-

control and self-restraint (97). 

Armfield describes cognitive vulnerability concerning the aetiology of phobias as a 

“pervasive extent of subjective unease and associated feelings of incapacity and inability 

associated with a stimulus or event” (99). This theory presumes that the combination of how 

an individual perceives a stimulus as dangerous, disgusting, unpredictable, and uncontrollable 

reflects their vulnerability to developing a phobia. These perspectives can be traced in 

qualitative research on how individuals with dental phobia perceive dental treatment (41, 

100);  patients refer to fear of dying, feeling powerless, loss of autonomy and independence, 

distrust, fear of unpredicting events, vulnerability, and losing control (41, 100).  

Pain 

The experience of pain is a result of nociceptive input, attention, cognition, and affect (101). 

It is different from other somatosensory modalities in that the pain pathway itself may alter to 

increase or decrease sensitivity to painful stimuli. Thus, the experience of pain and reactions 

to it can vary independently from the actual sensory stimulus (101). Evidence suggests that 

cognitive factors directly influence the pain network. For instance, the anticipation of pain can 

modulate the cortical nociceptive systems without any actual noxious input (102). Pain is 

probably to a greater extent than any other sensation modulated by top-down mechanisms 

such as experiences, suggestions, emotions, the activation of other sensory input (101, 102). 
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In accordance with this understanding, brain mapping and clinical trials have shown that 

expectations of pain activate areas in the brain that overlap with areas connected to pain 

intensity and that altering expectations of pain alters the subjective experience of pain (103-

106). The sexes differ concerning dental pain, with women reporting to be less acceptant of 

pain, fear it more, and avoid it more than men do (96). There are also sex differences when it 

comes to prediction and memory of pain when undergoing periodontal surgery. Men expect 

more pain preoperatively and report less pain postoperatively, whereas women expect less 

pain but remember more pain postoperatively (107). Personality traits are also predictive of 

perceptions of pain; the personality trait “harm avoidance” that is positively associated with 

neuroticism is linked to higher pain responsiveness (108). Dentally anxious individuals report, 

recall, and experience more pain in dental settings than non-anxious individuals do (109-111). 

It is more difficult for them to adapt their expectations of pain in the dental setting when 

experiencing painless treatment, and they require more painless treatment sessions to adjust 

their expectance of pain compared to non-anxious individuals (112). Also, Kent proposed that 

the memory of pain and painful events are coloured over time to match the current level of 

anxiety (113).  

In other words, dental pain is complicated and subjective to an individual and the specific 

situation. Anxiety, dental anxiety, mood, expectations, prior experiences, personality traits, 

and anticipation of pain are among the factors that influence the experience of pain related to 

dental treatment.  

Maintenance of dental anxiety 

Avoiding necessary dental treatment is a part of the diagnostic criteria for dental phobia (62), 

and although commonly reported among dentally anxious (114, 115), anxious individuals can 

report regular attendance at the dentist (116, 117). However, avoidance is the most important 

predictor for high dental anxiety on a group level (116, 117), and avoiding dental treatment 

predicts incidents of dental anxiety (80, 95). Avoidance of potentially aversive stimuli is 

immediately mentally rewarded (118); however, it prevents physiological activation and 

habituation (119). In dental anxiety, avoidance adds to the burden of anxiety with a potential 

physical consequence, namely, the worsening of oral health due to untreated oral disease (7, 

8, 38). Adults who maintain high dental anxiety over time seem to fail to receive non-invasive 

dental care and are more likely to report pain concerns, a greater degree of physical arousal, 

and more embarrassing and frightening dental experiences than individuals who no longer 



 

24 

struggle with dental anxiety (85). Individuals suffering from phobias recognise the irrational 

nature of the fear without being able to regulate it (62). The irrationality of their fear and 

failing to get professional treatment for dental disease due to fear and anxiety can affect self-

respect and self-confidence (9), which in turn could make seeking help difficult and 

strengthen the avoidant behaviour. The intrapersonal conflict between avoiding, wanting, or 

requiring dental treatment could seriously disadvantage and fuel the cycle of anxiety (41). 

Avoidant behaviour can extend outside the dental clinic, avoiding any reminders of dental 

treatment all the while constantly worrying about the state of their dentition, feeling foolish 

about being afraid, and hiding their dental anxiety from others (47). Individuals with dental 

phobia can refrain from walking down streets with dental offices, having trouble with tooth 

brushing and flossing, and hiding their teeth when smiling or laughing (47). The illustration of 

the vicious cycle of dental anxiety from 1984 (see Figure 2) has remained an important 

conceptual understanding of the maintenance of dental anxiety (120).  
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Figure 2. The vicious cycle of dental anxiety, Berggren 1984 (120) 

This is not the only example of a vicious cycle theory at that time (121). However, Berggren’s 

vicious cycle was unique in that it included an emotional dimension (shame and inferiority), 

in addition to problem-oriented visiting patterns and poor oral health as the drivers behind the 

avoidance (122). Still, even if embarrassment and negative self-evaluation are consequences 

of poor oral health following avoidance (9, 123), there are probably other factors that 

contribute to the increase or continuation of dental anxiety over time. It might be equally 

relevant to consider cognitive processes connected to a self-perceived, overwhelming dental 

treatment need and catastrophic thinking (123, 124). Qualitative studies have revealed how 

high dental anxiety impacts individuals’ psychological, cognitive, behavioural, social, and 

general health (40). Informants confessed a tendency to think less of themselves, fear 

stigmatisation due to their oral health and fear of being misunderstood and stigmatised on 

account of their anxiety; in other words, their surroundings perhaps underestimate their 
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struggles with dental anxiety (40). While Berggren’s vicious cycle mentions feelings of 

inferiority and shame, it fails to address other factors associated with mental health, such as 

mental disorders and personality factors that have been linked to the chronicity of dental 

anxiety (90).  

Treatment of dental anxiety  

Conscious sedation is one way of making dental treatment possible for anxious patients (125), 

enhancing the patient’s acceptance of dental treatment. A pharmacological approach is an 

effective tool (126) but should be limited to short term use to avoid complications of long-

term use (127). Evidence indicates that conscious sedation can reduce dental anxiety and 

dental attendance (128-131). However, the pharmacological effect is limited to temporary 

sedation. Hence, other aspects of dental treatment are essential for any long-term effect of 

reducing dental anxiety (128, 129). Other aspects of the treatment could be sufficient pain 

control, interpersonal communication, psychoeducation and involving the patient in the 

treatment plan and succession of treatment (128). General anaesthesia is an option when 

conscious sedation is insufficient. Even though this requires the competence of 

anaesthesiologist and medical equipment beyond general dental practice, it should be an 

available option when the dental treatment is extensive and requires many visits both to 

children and to adults. Nonetheless, the pharmacological effect of sedation does not eliminate 

dental anxiety by itself, and other components of the treatment provided could explain the 

variation of the effectiveness of sedation in reducing dental anxiety (130, 132, 133).  

Various forms of cognitive behaviour therapy (CBT) have the most evidence for reducing 

dental anxiety (133-136). These therapies include gradual exposure combined with techniques 

to enhance the patient’s feelings of control, coping and relaxation during dental treatment 

(133). The use of cognitive and behavioural techniques can be taught and performed by dental 

personnel (135, 137, 138). Even though there is evidence to support these techniques, the 

theoretical evidence needs to be strengthened (139), especially when considering the external 

validity of this evidence due to the heterogeneity found in the dentally anxious population 

(140). It is relevant to ask how well the inclusion criteria in these studies describe the 

variation in the target population. For instance, is the treatment equally successful in dentally 

anxious individuals displaying symptoms of post-traumatic stress disorder (PTSD) and a 

history of potentially traumatic life events (PTEs)? To our knowledge, only one publication 

address this issue, and it provides hopeful evidence that patients displaying symptoms of 
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PTSD can benefit from both CBT and conscious sedation combined with communication 

techniques from a general practitioner (138). While trauma-sensitive care is essential in 

treating survivors of abuse and torture (25, 141, 142), a systematic approach to trauma-

sensitive care in dental health services in Norway is lacking. 

Mental health  

Many studies investigating dental anxiety are cross-sectional studies, which cannot establish 

the direction of association between dental anxiety, psychological wellbeing, and oral health. 

However, it is known that patients with high levels of dental anxiety report problems in many 

aspects of life, including psychological and social disability and reduced quality of life (9, 11, 

12, 143-145). There are associations between dental anxiety and signs of depression and 

anxiety in both adults and adolescents (30, 74, 90, 145-147). Moreover, dental anxiety 

combined with general fearfulness yields higher psychological distress and more psychosocial 

consequences (47). Longitudinal studies have indicated that general anxiousness and 

psychological disorders are risk factors for developing dental anxiety in children and young 

adults (145, 148).  

While Richard Watt pointed to the social gradient of the distribution of oral diseases and 

connection to other diseases (31), it is relevant to add that the mouth is a marker of people’s 

wellbeing and that mental health and quality of life are important indicators of oral health 

status (6, 33, 35). Inadequate oral health is common in individuals with serious mental illness; 

both type and duration of their mental illness are important predictors for their dental and oral 

health (149-152). Many psychopharmaceutical drugs cause xerostomia, which could extend 

beyond the bothersome feeling of a dry mouth (153). Disturbances in saliva flow or the 

constituents of the saliva cripple the protective barrier and functions of the oral cavity and 

pharynx, which could manifest through an increased risk of caries, oral candidiasis, problems 

with eating and swallowing, difficulties with speaking, denture wear, sore throat, bad breath, 

and change in the sense of taste (154). Clinicians often recognise the side effects of prescribed 

drugs on dry mouth, but there is evidence that mental health symptoms can influence saliva 

flow regardless of drug use (155). Dry mouth is a common side effect of prescribed drugs 

affecting the nervous system, but the drug-induced effect on motivation and indifference 

(156) could be critical for healthy oral health behaviour. Severe mental illness increases the 

risk of physical illness and premature mortality compared to the general population (157-

159), and the behavioural risk factors also pose a threat to oral health (160-163). Mental 
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health symptoms could also partly explain why being a victim of abuse affects how 

adolescents rate their oral health (24). Taken together with findings on how oral health affects 

mental health (152), the bidirectional relationship makes mental health measures relevant in 

dentistry. Mental health status or psychological functioning is also important to consider with 

dental anxiety and perception of pain, as psychological functioning can mediate the effect of 

dental anxiety on pain perception (164). While the direction of association between dental 

anxiety and mental health symptoms is unclear, treatment of dental anxiety does not only 

reduce levels of fear, but it significantly reduces general distress (165) and emotional distress 

symptoms (166).  

Potentially traumatic events 

This thesis will not provide an extensive understanding or background for psychological 

trauma. However, it will address some basic concepts and findings within this scientific field 

that will enable the reader to understand the impact of chronic stress and potentially traumatic 

life experiences on oral health and coping with dental anxiety.   

Stress 

Stress is the body’s response to any stressor. Stressors are challenges that threaten the body’s 

homeostatic state, and these might include traumatic life events, an accumulation of different 

minor daily stressors, or physical trauma or disease. Stress occurs when an individual feels 

unable to adapt to the demands of the environment, and the behavioural and physical 

adaptation under acute stress is meant to tackle the challenge (167). The physiological 

systems that activate under stress can protect and restore in the face of stress, but 

prolonged/chronic and extreme variants of stress can also do damage to the body (167, 168). 

How well an individual can adjust and balance the potential stressors and the body’s response 

is dependent on many aspects, including genetics, how the stressors are perceived, general 

health status, timing of the event, and mindset (167, 169). Our body has to react 

systematically to challenges and stress and to be able to shut off the system and adapt to 

changes when the challenge or threat is over. Several diseases and disorders are caused by 

dysregulation in our stress response system (167, 168).  

Traumatic events 

Traumatic events are stressful events that overpower a person’s normal ability and capacity to 

cope (170). The events are perceived as sudden, negative, with intense fear and horror, 
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leaving individuals feeling a lack of control (170). When we consider our reactions to danger 

or threats, most of us think about the catchphrase “fight or flight”, indicating the reactions 

which mobilise a person to cope with a threat. However, researchers have argued to change 

this phrase into “freeze, flight, fight and fright” to better indicate the chain of reactions when 

encountered with an immediate threat (59). The first reaction, freeze, indicate hypervigilance, 

increased arousal and attention, being on alert. The following reactions are fleeing and 

fighting, in that order. The last response, fright or tonic immobility, might be our last resort 

when escaping or fighting is impossible (171, 172). Tonic immobilisation as a peritraumatic 

response is connected to worsened post-traumatic symptom severity and psychological 

impairments (171). Tonic immobilisation is highly correlated to peritraumatic dissociation 

(173), a psychological process involving the fragmentation of awareness. Both can occur 

during traumatisation and have shared beneficial short-term effects and detrimental long-term 

effects for the individual (173). These fright reactions to trauma are proximal indicators of 

traumatisation, secondary symptoms of trauma and post-traumatic stress syndrome (174, 

175).  

Post-traumatic stress syndrome (PTSD) is a reaction to traumatic events that linger and 

intensifies over time, affecting everyday life (62). The symptoms are excessive fear reactions 

and helplessness triggered by non-harmful stimuli, intrusive memories of the event, 

flashbacks, and a nervous system that is constantly “on alert”. The over activation of the 

sympathetic nervous system and inability to return to a homeostatic state is reflected in 

symptoms like sleep disturbances, irritability, numbing, reduced concentration, headaches, 

heart palpitations, and dizziness. Coping mechanisms include avoidant behaviour of any 

potential triggers and isolation. PTSD does not only affect mental health, but it can also have 

a wide range of adverse effects on physical health (176, 177), oral health (178, 179), and 

quality of life (177). Secondary symptoms of trauma or secondary responses are more 

indirectly associated with the traumatic event and extend further than the classical trauma 

reactions of re-experiencing and avoidance. Secondary responses can range from depression, 

aggression, substance abuse, and physical illness to affecting identity and self-esteem, 

interpersonal relationships and experiences of guilt and shame (170). Traumatic memory is 

different from normal memory. High arousal and activation of the amygdala seem to 

intervene with the normal explicit memory formation in the hippocampus, which may explain 

why the memory of traumatic events are neurologically managed differently than explicit 

memory or conscious memory (180). When the normal memory storage is disturbed, there is a 
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failure to integrate explicit memory of events, and the memories are thought to be stored as 

sensory and emotional memories as implicit memory (181). While this adapting mechanism is 

beneficial under extreme conditions, it could be the failure to integrate these memories into 

individuals’ narratives that drives the secondary responses and development of PTSD (180). 

Several factors are important determinants in how we react and respond to traumatic events. 

What makes a traumatic event linger and cause secondary responses and PTSD in some 

individuals, whereas others remain less affected? Firstly, the nature of the event is central. 

The severity of an event, intensity, and duration are critical for our response. For instance, 

continued sexual, physical or psychological abuse is highly associated with secondary 

responses such as PTSD and related psychopathology (182). Next, the timing of the traumatic 

experience in terms of developmental age is critical. Young children are less capable of 

handling a threatening situation, rendering them vulnerable to traumatisation (183). In 

addition, our environment, social context and support systems are imperative in how we 

respond to a traumatic event and how well we are equipped prior to the event. Poor health or 

malnutrition increases the risk of traumatisation, while self-confidence and our ability to 

defend ourselves against threats decrease the risk of traumatisation (184).  

Both medical and dental procedures can be potentially traumatic events that may cause 

traumatisation (185, 186). Age, pain and the patients’ sense of control over what is happening 

are crucial factors to consider in dental treatment in this context. As mentioned, traumatic 

events and experiencing pain in the dental setting are an important part of the aetiology of 

dental anxiety (27, 187). Symptoms similar to post-traumatic symptoms have been identified 

in individuals with severe dental anxiety (187, 188). Further, studies of brain activity using 

MEG scans (magnetoencephalography; functional neuroimaging technique) have revealed a 

pattern of activity in dentally anxious individuals that resembles that of individuals who have 

PTSD (189). These findings could indicate that some individuals initially thought to have 

severe dental anxiety suffer from undiagnosed PTSD. PTSD has also been linked to poor oral 

health with more dental decay and tooth loss, temporomandibular disorders, and myofascial 

pain (178). 

 

Evidence indicates that traumatic events outside the dental setting might have a negative 

effect on dental anxiety (26). Women who have experienced sexual abuse have a higher 

prevalence of dental anxiety than the general population (14). Also, survivors of torture are 

more susceptible to develop dental anxiety, even more so if they display symptoms of PTSD 
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(15). Dentally anxious individuals often report more traumatic events and, together with 

horrific dental treatment, violent crimes have been predictive of both dental anxiety and 

PTSD (187). Conceptually, there are many reasons why trauma seemingly unrelated to dental 

treatment may affect dental anxiety. Dental treatment can trigger traumatic memories through 

feelings of lack of control, pain/distress, body position, and other generalised sensations from 

the traumatic event. In addition, these links between traumatic experiences and dental anxiety 

should be relevant outside the realm of sexual abuse since the detrimental effects of traumatic 

experiences arguably could be linked more to the breakdown of coping capability, loss of 

control and severity/intensity of negative emotions than to specific behaviours or “contents” 

of trauma (190-192).  

A recent qualitative study found evidence of dental anxiety being “trauma-driven” in 

survivors of sexual abuse, in which the dental treatment situation not only reminded survivors 

of the abuse, but their reactions resembled the experience of being abused (193). Reliving the 

trauma in a non-threatening situation corresponds with Levine’s theory about how trauma 

affects both body and mind, and that in focusing on only how trauma affects the mind, we 

forget that the body still remembers and carries the trauma (194). The memories that are 

implicitly stored are challenging to unfold. The coupled sensory experience often remains 

unprocessed and “speechless”, explaining how unresolved reactions to a traumatic event can 

be retrieved when experiencing sensory input similar to the trauma, even if the situation is 

non-threatening. Women tend to generalise fear more than men do. While men are triggered 

by context strongly associated with the aversive event, women can get triggered in contexts 

that seem less obviously associated with the aversive event (195). Sex differences in neural 

circuit activation during anxiety and recall of trauma-associated memories partly explains this 

variation (195). Nevertheless, it renders women at a higher risk of disorders following 

traumas, like anxiety and PTSD (195).  

Population samples have previously found that sexual abuse affected the prevalence of dental 

anxiety (26) and that abuse and emotional neglect were associated with dental anxiety in men 

(28). However, one study of dental patients failed to find evidence of a relationship between 

traumas outside the dental setting and dental anxiety (27). There are issues with 

representativeness in these relatively few population studies, making it difficult to conclude 

on the potential connection between traumas outside the dental setting and dental anxiety in 

the general population.  
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Life stage 

Adolescence and young adulthood 

Adolescence is a period of life with rapid maturing and growth within the age span of 10–24 

(196, 197). In addition to the biological changes, there is a marked change in social roles and 

social expectations. As society changes, what we perceive as adolescence has changed. At one 

end, puberty sparks earlier in most populations and the onset of adolescence have accelerated 

to about 10 years of age. While, at the other end, the transition phase continues to lengthen as 

educations get longer and occupy a more considerable portion of life than before (196). This 

prolonged transitional stage allows individuals to have more time exploring their identity and 

becoming their own before the responsible roles and economic freedom of adulthood. 

Nevertheless, adolescence is a life period of particular importance regarding health 

promotion, as individuals are becoming more independent and self-sufficient, also when it 

comes to oral health and oral health behaviour (198). It is an opportunity to establish a new 

communication line that is less dependent on parents or caregivers and support them in 

making healthy choices. Avoidant behaviour is an essential aspect of severe dental anxiety, 

and dental anxiety is one of the primary reasons for avoiding dental treatment among 

adolescents (114, 199). This age might be critical in the prevention and treatment of dental 

anxiety (78). 

The historical, scientific perspective on adolescence has evolved from a biologically based 

view to more dynamic developmental models (200). Since adolescence is a distinctly different 

developmental stage from childhood and adulthood, it is problematic if findings in selected 

adult populations are generalised to the adolescent population due to a lack of evidence in this 

age group. Neurological studies have found that the adolescent brain differs morphologically 

and functionally from both the child and adult brain (201, 202). The adolescent brain is under 

rapid neural development and heightened neural plasticity, marked by the proliferation of 

synaptic connections and eliminations. The increase in functional connectivity in the brain 

explains changes in adolescents’ cognitive control (202, 203). Studies in developmental 

neuroscience may point to factors linked to the development of psychopathology in this age 

group, as the heightened activity can pose a vulnerability towards the development of 

psychiatric illness (202).  
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The hormonal changes in adolescence induce a change in motivation; hence, there is a change 

in what drives behaviour at this age (204). These hormonal changes, alongside a heightened 

activity in the brain area associated with reward, emotional responses, and pleasure, are 

probably one explanation for why there is a peek of violent, criminal, and adrenaline-seeking 

behaviour among adolescents (205). They accept more and higher risks for new experiences, 

especially with their peers (197, 206). While we may focus on increased criminal behaviour, 

it is necessary to keep in mind that adolescents are often victims of violence and crime since 

increased risk-taking also increase the risk of exploitation (207). Maturing is particularly 

difficult when it comes to incompatible expectations from the different roles and 

relationships, e.g. parents, friends, peers, romantic partners (197). Significant predictors of 

self-worth at this age are physical appearance, athletic competence, scholastic competence, 

social acceptance and behavioural conduct (208). Adolescents with high self-worth feel more 

positive about themselves and their social environment. They feel better equipped to tackle 

challenges in life and feel more in control over what happens to them (209). 

Most adolescents are healthy; however, there is an increase in chronic diseases like asthma 

and diabetes during adolescence (207). Also, half of the adult mental disorders start in 

adolescence (210). The prevalence of mental disorders in the adolescent population lies 

between 10–20 % (206, 207), equivalent to adult populations (211, 212). Anxiety disorders 

are most common in adolescence, while mood disorders have a higher lifetime prevalence in 

adult populations (207, 211).  

When it comes to health-related behaviours in this life phase, we know that most adult 

smokers (82%) started smoking in adolescence (207). Moreover, although the reality of 

obesity and overweight is far more complex than previously thought (213), a poor diet and 

sedentary lifestyle remain central predictors to the increase in overweight and obesity in this 

age group and into adulthood worldwide (214). Nutrition is also central in caries and erosion: 

Dental caries is the predominant oral health problem globally for this age group, and caries 

experience increases with age, and the progression continues into early adulthood (207). With 

fluoride and minimally invasive and non-operative treatment of initial caries lesions, fewer 

teeth are being filled before the age of twelve in the Nordic countries (215). Nevertheless, the 

incidence of dentine caries, which requires operative treatment, is highest in the age span of 

12–18 years old. While 36.5 % of all 12 year-olds in Norway have dentine caries, the 

prevalence is almost doubled among 18 year-olds, with 70.6 % of this age group having caries 

experience (216).  
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The non-operative treatment approach relies on cooperation from both children and parents 

and a willingness to put in the extra effort to avoid the progression of caries. Children with 

less family support and complex background may lack the necessary daily support (217), and 

dialogue between dental professionals and children or adolescents and their caregivers is 

essential in the successful treatment of caries. Compliance can be lost in motivated parents 

and children as the child becomes an adolescent due to the changes that follow this life stage. 

Adolescents are increasingly responsible for their health and lifestyle, and it may prove 

challenging to be accountable for all newly acquired expectations and responsibilities. An 

abrupt increase in expectations and responsibilities could prove even more challenging for 

adolescents that struggle with mental health issues (218). Thus, the failures of non-operative 

prevention can result in the first invasive dental treatment in adolescence. Although 

adolescents require a different approach than young children, the need to feel safe and be in 

control is equally important. Dental health professionals should not lose sight of the 

circumstances and population characteristics that make specific groups of adolescents more 

vulnerable to develop oral disease and neglect their oral health. It is necessary to expand 

health care beyond the technical treatment of disease and injury (207); this is especially 

relevant in dental services where preventive strategies on a population level are seriously 

lacking. Increasing focus and knowledge on dental anxiety, conscious sedation and 

behavioural management techniques are essential tools for practitioners in the public dental 

service to treat children and adolescents that struggle with receiving dental treatment (219). 

There is, however, little evidence that preventive measures can affect an already established 

dental anxiety among adolescents (78).  

Early determinants inevitably colour adolescent health and health-related behaviours, but 

there is an increased awareness of the importance of the biological and social changes specific 

for this life period (197). Adolescence is a critical age regarding dental and mental health, 

which is relevant for dental anxiety. Health and health-related behaviours established or 

reinforced through adolescence can affect both immediate and future health (197). In other 

words, this period brings about possibilities for changes and an opportunity for interventions 

(220)—it is a critical time for health promotion.  
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Rationale 

Dental anxiety is common among children and adolescents (79). Studies indicate that 

different factors come into play at different ages related to the development of dental anxiety 

(81, 82), but little is known about core processes that drive dental anxiety in adolescents over 

time (78). While adolescence is considered a central life phase concerning oral health-related 

behaviour and oral health, there are limited studies of how these factors affect dental anxiety 

over time.  

There is scarce and contradictory evidence concerning the association between traumatic life 

events and dental anxiety in the general population (27, 221). However, victims of sexual 

abuse, violence and torture have a significantly higher prevalence of dental anxiety compared 

to the general population (14, 15, 187), supporting efforts to establish more evidence on the 

impact of interpersonal traumatic events on dental anxiety in the general population.  

Mental health symptoms or psychological distress are associated with dental anxiety as both a 

risk factor and a burden of disease. Mental health symptoms are correlated with dental anxiety 

in adolescents, but it is unclear how psychological distress is involved in the continuation of 

dental anxiety in adolescents and into adulthood. Moreover, mental health symptoms are 

linked to both life traumas and dental anxiety, yet there is little research on dental anxiety and 

traumatic events that include mental health symptoms in their analyses. It is not known how 

mental health symptoms influence the potential association between traumatic events and 

dental anxiety.  
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Aims 

The overall aim of this thesis was to advance the knowledge base and understanding of dental 

anxiety in adolescents and adults, with a focus on the relevance of mental health symptoms 

and traumatic life events.  

The specific aims of this thesis were to: 

 Describe the prevalence of high dental anxiety in the adolescent and adult population in 

Tromsø  

In the adolescent population: 

 Identify important predictors regarding the development and continuation of high 

dental anxiety  

 Detect factors related to changes in dental anxiety over time 

In the adult population: 

 Determine the potential associations between dental anxiety and traumatic events and 

analyse how current mental health symptoms affect these potential relationships  
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2 MATERIALS AND METHODS 

This thesis is based on data from three health surveys in Tromsø, Northern Norway; Fit 

Futures 1, Fit Futures 2, and the Tromsø Study 7.  

The Norwegian Dental Health Services 

The regulations of the dental health services in Norway affect the methodological 

consideration and interpretations of results in the studies included in the present thesis.  

Dental health care for children and adolescence 

The counties are responsible for providing public dental health services to the region. The 

public dental health services are legally obliged under the Dental Health Services Act, 

Tannhelsetjenesteloven (42), to provide free outreach dental care for all children under the 

legal age of 18 and dental care at a reduced cost for dental treatment to 19 and 20-year-olds. If 

parents or caregivers fail to bring their children to an appointment after repeated notification, 

the public dental health services notify children’s protective services concerning the neglect 

of oral health. The mandatory recall and routines hinder to some extent avoidance coping 

until children reach the legal age of 18. However, when the child turns 16, parents and 

caregivers cannot access their children’s medical and dental journals without permission from 

the child (222). In 2017, there was an addition under the law of dental health services that 

included a responsibility to prevent, disclose, and avert violence and sexual abuse. 

Dental health care for adults 

Dental Services for the adult population is heavily dependent on and provided by the private 

sector. The public regulation of private dental health services is limited, and there is no 

regulation of geographical placements of clinics or costs of the dental services provided. The 

lack of regulation is a big challenge in securing equal health care for the adult population. 

Consequently, regular dental attendance in adults is heavily predicted by convenience, the 

density of dental clinics in the area, and personal economy (223). This service organisation 

leads to an abrupt transition from the public dental health care system for young adults. 

Financially, some treatments are supported through the Norwegian Directorate of Health. The 

laws and regulations that regulate these benefits are Folketrygdloven § 5-6 and regulations 

concerning coverage of expenses for oral examinations and treatment at a dentist or dental 

nurse (224).  
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Study design and populations 

All the papers included in this thesis uses data from population studies in Tromsø 

municipality, organised through the Tromsø Study. Initiated in 1974, the Tromsø Study was 

initially a study addressing the high prevalence and mortality of cardiovascular diseases. Over 

the years, it has expanded to focus on other chronic diseases and conditions, and it has 

traditions for interdisciplinary collaborations currently collecting data for more than a 

hundred different research projects (225). Detailed information on questionnaires, invitation 

letters, consent forms and study data are provided through The Tromsø Study web resource 

(226).  

Fit futures is the most extensive survey on the lifestyle and health of the adolescent 

population in northern Norway (227). It is an expansion of the Tromsø study, following an 

adolescent population from the first year of upper secondary school (2010/2011) over time. 

Information concerning invitation letters, consents and study data can be found through Fit 

Future web resource (227).  

There were 76 992 inhabitants in Tromsø municipality in the second quarter of 2020, most of 

them live in densely populated areas, and 34.6% have a degree from university or college 

(228).  

Paper I  

Fit Futures 1 

In the school year 2010/2011, 92.9% of all first-year upper secondary school students in the 

two neighbouring municipalities of Tromsø and Balsfjord in northern Norway volunteered to 

participate (N = 1038; 508 females and 530 males) in Fit Future 1. Invitations and 

information about the study were given at school. The dental examination took place during 

school hours, and the students that participated were brought by minibuses to the examination 

site. The students got a 200 NOK (35 $ US) bonus check as compensation for their 

participation in the study.  

Paper II 

Fit Futures 2 

Fit Futures 2 (FF2, 2012/2013) invited participants from Fit Futures 1 and newly registered 



 

39 

students in the third-year upper secondary school in the same region for a second study wave. 

This study utilised longitudinal data from participants who had completed measures of dental 

anxiety in both waves and who were under the age of 18 during the first wave. This selection 

left 685 (377 females and 308 males) participants eligible for final analysis: a 69.5% follow-

up rate (Figure 2).  
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Figure 3. Flowchart of the study participants in Fit Futures 1 and 2, The Tromsø Study, 

2010/2011 (Paper I & II) 
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Paper III 

Tromsø 7 

In the seventh survey of the Tromsø Study (Tromsø 7) in 2015-2016, all adults registered in 

the Tromsø municipality aged 40 or more were invited to participate (in total 32 591), and 21 

083 men and women ended up participating in the study. This provided an attendance rate of 

65%. Tromsø 7 took place in 2015 and 2016. The attendants answered two questionnaires and 

got their general health measures registered. A selection of the participants was invited to a 

free dental examination. In the present thesis, only questionnaire data were used. The 

questionnaires could be answered digitally or on paper, at home, or before the physical 

examinations at the study site. 

Clinical examination 

Paper I and II used clinical data from the oral examinations in Fit Futures 1. Three 

experienced and calibrated dentists performed the standard oral examinations with assisting 

dental nurses at the University Dental Clinic, UiT The Arctic University of Norway, Tromsø. 

The public dental health services agreed to let the oral examination of participants in FF1 

replace their mandatory dental examination that year, and the journal notes were shared in the 

same database, which provided the public dental health services with access to the intraoral x-

rays and the diagnostic evaluations from the oral examinations in the study.  
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Variables 

 

Table 1. List of variables in Paper I – III 

 Paper I Paper II Paper III 

Outcome variable    

Dental anxiety (DAS or MDAS) X X X 

Independent variables    

Age and sex X X X 

Education or parents’ education X  X 

Ethnicity   X 

Parents’ birthplace X   

Household income   X 

Caries experience (DMFS) X X  

Oral health    X 

Mental health symptoms/Psychological distress 

(HSCL-10) 

X X X 

Dental attendance/ avoidance X X X 

Anticipated pain at the dentist X X  

Oral health knowledge and behaviour  X X  

Potentially traumatic events   X 

 

Outcome variable 

All the papers used dental anxiety as the outcome of interest. In the Fit Future material, this 

was measured by Corah’s Dental Anxiety Scale, DAS (229), and in Tromsø 7, the Modified 

Dental Anxiety Scale, MDAS (230), was used. Both scales are validated inventories and have 

been extensively used in epidemiological research. MDAS is derived from DAS, and they are 

similar except for an additional question concerning the dental anaesthetic injection. Each 

item illustrates a situation related to dental treatment, and respondents indicate which 
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response (of increasing severity) is closest to their likely response to that situation. The scale 

yields a score of 4 to 20 (DAS) or 5 to 25 (MDAS), with high scores indicating greater 

anxiety.  

Independent variables 

Age and education (Paper I–III) 

In Paper I and II, adolescents between 15 and 19 years old were included. In Paper III, age 

was divided into eight categories spanning five years (such as 40-44 and 45-49), where the 

last age group was 75 years and up. Education was categorised into high (university or 

college) and low (primary and secondary school).  

Ethnicity (Paper III) 

Ethnicity was defined by the question: “What [ethnicity] do you consider yourself?” and the 

following alternatives: Norwegian, Sami, Kven, or other. It was possible to select more than 

one option. 

Socio-economic factors (Paper I–III) 

Education was measured with the question: “What is your highest completed degree of 

education?” and “What was your mother’s/father’s highest completed degree of education?” 

The options for answering were: 1) primary + middle school 2) High school 3) 

College/University less than four years, and 4) College/University for more than four years. 

Oral health (Paper III) 

Self-reported oral health was measured by the statement “How would you rate your dental 

health?” where participants would perform the rating on a scale from 1–5, 1 being bad and 

five being excellent.  

Oral health knowledge and behaviour (Paper I, II) 

Twenty-three items concerning oral health knowledge and behaviour were grouped into three 

sets of variables based on factor analysis. Sixteen items related to knowledge and attitudes 

towards tooth brushing constituted the subscale Self-motivation (sum score of 16 items), 

while six items indicating social motivation concerning oral health and oral health behaviour 

constituted the subscale Social-motivation (sum score of 6 items). Median scores were used to 
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dichotomise the self-and social motivation scores into groups of either high (above median) or 

low scores (below median). 

The last item, “Whatever I do, it doesn’t help to prevent caries”, did not fit with any of the 

subscale components, so it was used as a single item variable called Control Belief.  

Anticipated pain (Paper I, II) 

Anticipated pain reflects the students’ reports on how painful they judged an average dental 

session to be. They indicated pain on a scale from 0 (no pain) to 10 (worst conceivable pain). 

Avoidance/dental attendance (Paper I–III) 

In Paper I and II, avoidance was indicated by participants answering yes to the question: 

“Have you ever missed a dental appointment due to fear?” 

In Paper III, participants answering the item “Do you regularly go to the dentist?” measured 

avoidance of dental treatment. This variable was dichotomised to indicate avoidance of dental 

treatment, in which yes / no avoidance (0) included the response alternatives “at least once a 

year”, “every year”, “every second year”,” longer than 2-year intervals”, and no / avoidance 

(1) included the response alternatives “only for acute problems” and “never goes”.  

Mental health symptoms/Psychological distress (Paper I–III) 

Hopkins Symptom Check List (HSCL - 10) is a validated and recognised instrument for 

epidemiological studies and clinical work in adult and adolescent populations, measuring 

symptoms of depression and anxiety (231, 232). The instrument struggles to differentiate 

between anxiety and depression (233), making it insufficient for clinical diagnosis. However, 

high comorbidity exists between the two constructs, and HSCL-10 is considered reliable for 

assessing mental health symptoms indicating anxiety or depression (232, 234). It consists of 

ten items, with 4 response alternatives for each item (no = 1, slightly = 2, much = 3, very 

much = 4). The threshold level (cut-off) is set to 1.85 (235), which means that those who 

score 1.85 or higher have symptoms of anxiety/depression (236). Although the measure is 

similar in all papers, it is referred to as both mental health symptoms (Paper II-III) and 

psychological distress (Paper I).  

Caries experience (Paper I, II) 
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The DMF (Decayed, Missing, Filled) index has been used for more than 70 years and is well 

established and standard measure of caries experience in dental epidemiology (237). It 

estimates how much the dentition has become affected by dental caries up to the day of 

examination. The sum of the three figures forms the DMF-value. A DMFT (Teeth) value of 

28 is maximum, meaning that all teeth are affected. A more detailed index is DMF 

calculated per tooth surface, DMFS. Molars and premolars have five surfaces, while front 

teeth have four surfaces, leaving the maximum value for DMFS 128 for 28 teeth (238). The 

caries experience is referred to as dental health, dental status and oral health in Paper I and II.  

Potentially Traumatic Events (Paper III) 

A list of eleven Potentially Traumatic Events (PTEs) was included in Tromsø 7 with four 

response alternatives (no; yes, before age 18; yes, after age 18; yes, in the previous year). In 

Paper III, events were included that had the potential to affect interpersonal relationships: 

painful or threatening dental treatment, painful or threatening medical treatment in hospital, 

experienced childhood neglect, been a victim of violence, been a victim of sexual assault, 

being bullied, or witnessed someone close to being a victim of violence or sexual assault. The 

answers were dichotomized into 0 = no and 1 = yes, to avoid deflated effect sizes after 

assuring that the direction of effects was the same regardless of the timing of the event.  
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Data analysis and statistical methods 

Table 2. List of statistical methods used in Paper I – III 

 Paper I Paper II Paper III 

Statistical methods Correlation Wilcoxon signed-

rank Test 

Spearman 

correlation 

 Independent-samples 

t-test 

Kruskal‐Wallis tests Mann-Whitney U 

Test 

 Logistic regression 

analysis 

Chi‐squared tests Chi‐square tests 

  Mann‐Whitney U 

tests 

Hierarchical 

multivariable 

regression 

  Logistic regression 

analysis 

 

 

Paper I 

All analyses were performed using IBM Statistical Package for the Social Sciences (SPSS) 

Statistics version 24 (IBM Corp., Armonk, NY, USA). Variables were presented as means 

and standard deviation (SD). The linear relationship between variables was described through 

correlation analyses, and the difference in pain scores between anxious and less anxious 

adolescents was analysed with an independent-samples t-test. Logistic regression analysis was 

used to predict high dental anxiety and the impact of the different variables (odds ratios and 

their 95% confidence intervals [CI]) when using Corah’s DAS as a dichotomous dependent 

variable (cut off value for DAS were set at 13) (229).  

 

Paper II 

All analyses were performed using IBM Statistical Package for the Social Sciences (SPSS) 

Statistics version 24 (IBM Corp., Armonk, NY, USA). Changes in dental anxiety and mental 

distress over time were analysed with Wilcoxon Signed Rank Tests. Individuals with DAS 

scores of 13 or more was classified as dentally anxious. To avoid spurious effects of change 

in dental anxiety over time, a change in dental anxiety was registered if DAS score differed 
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by more than 2.0 (the interquartile range) over two years (Y1 [Sum score DAS in FF1] − Y2 

[Sum score DAS in FF2]). Kruskal-Wallis Tests were used to compare differences in caries 

experience, mental health symptoms and pain at the dentist between those with no change in 

dental anxiety, increased or decreased dental anxiety scores between FF1 and FF2. The 

predictive value of the variables over time was assessed through logistic regression analysis 

with the DAS score from FF2 as the dependent variable and included DAS score in FF1 as an 

independent variable in the analysis. Chi‐squared tests and Mann‐Whitney U tests were used 

to evaluate the impact of loss to follow‐up. Significance levels were set at 0.05 and 0.001.  

 

Paper III 

All analyses were performed using IBM Statistical Package for the Social Sciences (SPSS) 

Statistics version 26 (IBM Corp., Armonk, NY, USA). Simple mediation analyses were 

performed using the PROCESS macro in SPSS (Hayes, 2017). Pairwise exclusion was used 

for missing data. Chi-square tests of independence were used to explore the relationship 

between dichotomized MDAS (cut-off ≥19) and independent variables used in the analysis. In 

order to assess the predictive ability of PTEs, hierarchical multivariable regression was used, 

test statistics was empirically derived through bootstrapping with 1000 bootstrap samples. 

The first blocks included variables with a known association to dental anxiety; sex, age, self-

assessed oral health, avoidance of dental treatment, and painful or threatening dental 

treatment. The third block introduced the PTEs, and the last block entered current mental 

health symptoms. Simple mediation analyses were used to explore if current mental health 

symptoms could transmit and explain the association between PTEs and dental anxiety. 

Missing data and loss to follow-up 

In Paper I and Paper II, missing data occurred at a fairly high rate (0–15.2%). Little’s MCAR 

test was not significant, indicating a high probability for data missing completely at random 

(MCAR). There was no replacing of missing data, and complete case analyses were 

performed with the option of excluding cases pairwise, excluding cases only if they are 

missing the data necessary for the specific analysis. The assumption being that MCAR will 

not introduce bias but rather increase the standard error of the sample estimates due to the 

reduced sample size.  
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Table 3. Baseline characteristics of the adolescents that followed the study and lost to follow-

up 

 

 

 Participated FF2 Drop-outs 

 Median Median 

DAS  7.00 7.50 

HSCL-10 1.30 1.30 

Pain at the dentist  2.00 3.00* 

Number of fillings 3.00 4.00* 

DMFT 3.00 4.00** 

DMFS 4.00 5.00** 

Number of BOP (0-6) 4.00 5.00**c 

 Percentage Percentage 

Females  55 35.8**c 

Males  45 64.2**c 

Likely to complete school 97 93*c 

Smokes 18.9 31.8**c 

Using snuff 33 46.3**c 

Avoided dentist due to fear 5.6 13.4**c 

The quality of the worst filling 

is unacceptable 

33.9 43.9*c 

Number of BOP (0-6) 4.00 5.00 

*c   Chi-squared test P < .050 

**c Chi-squared test P < .001 

*    Mann-Whitney U Test P < .050 

** Mann-Whitney U Test P <.001 

 

Chi-square test for independence (with Yates´ Continuity Correction when each variable 

has only two categories) indicated a significant association between loss to follow-up and: 

 Gender, χ2 (1, n = 986) = 40.8, p < .001, phi = .21, (small to medium effect). 

 Likely to complete school, χ2= (1, n = 973) = 4.84, p = .017, phi = -.08, (very small 

effect). 

 Smokers, χ2 (1, n = 972) = 13.88, p < .001, phi = .12, (small effect). 

 Snuff users, χ2 (1, n = 972) = 19.82, p < .001, phi = .15, (small effect). 

 Avoidance coping, χ2 (1, n = 958) = 11.43, p = .001, phi = .11, (small effect). 

 The quality of the worst filling, χ2 (1, n = 789) = 4.18, p < .041, phi = .08, (very 

small effect). 
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In Paper III, 2.4 % of all values were missing, 9.6 % of all subjects had incomplete data, and 

there were missing values in all but two variables (Sex and Age). The items that made up our 

variable for measuring mental health symptoms (HSCL-10) had the most missing data (6 %). 

The number of missing values in the PTEs is difficult to interpret since leaving boxes 

unchecked were valid answers. Thus, there is probably an underestimation of missing values 

in these measures. All PTEs had the same number of missing values.  

 

Table 4. Missing values in Paper III 

Variable Number of missing data Number of complete data 

MDASa 886 20197 

HSCL-10b 1259 19824 

Avoidancec 479 20604 

Oral Healthd 430 20653 

PTEse 240 20843 

aModified Dental Anxiety Scale 
bHopkins Symptom Check List 
cIrregular attendance or complete avoidance of dental health services 
dSelf-reported oral health, ratings of own dental health on a scale 1–5 
ePotentially Traumatic Events. All of the PTEs had the same number of missing data 

 

To evaluate the impact of missing data for the continuous variables (HSCL-10, MDAS and 

Oral Health), they were compared by a paired sample t-test with the same variables where 

missing values were replaced by series mean. However, the standard error of the difference 

was zero, so there was not possible to perform any of these analyses. There was also a 

comparison with the original variable when replacing missing data using both regression and 

expectation-maximization technique. Differences between the variables were minimal and 

limited to deviation in the second decimal. Finally, the regression analysis was performed by 

replacing missing values with multiple imputations, which yielded similar results as the 

original data analysis. The differences were limited to decimal levels in the unstandardized 

regression coefficients, and there were no differences in βs when rounded up to the first 

decimal place. Consequently, the analyses were performed on the original data without any 

imputation with pairwise exclusion of missing data.  
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Ethics 

Participants in all three studies have volunteered and provided informed written consent 

according to the Regional Committee of Medical and Health Research Ethics (REC) 

requirements. WMA Declaration of Helsinki - Ethical Principles for Medical Research 

Involving Human Subjects were followed.  

The Regional Committee of Medical and Health Research Ethics (reference number 

2014/1093/REC North) approved the studies using data from Fit Future 1 and 2 in September 

2014. The study using data from Tromsø 7 was approved in July of 2018 (reference number 

2018/1352/REC North). 
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3 SUMMARY OF RESULTS 

Paper I 

This paper aimed to describe the prevalence of high dental anxiety among adolescents in 

Tromsø and Balsfjord region and look at different variables ability to predict high dental 

anxiety in the study participants.  

Dental anxiety is an established problem among adolescents. In this study population (aged 

15–18), 11.6 % had high anxiety for dental treatment (DAS ≥ 13), and 5.7 % had severe 

dental anxiety (DAS ≥ 15). The mean score of DAS was 8.0, with girls reporting higher 

dental anxiety compared to boys. Dental anxiety explained 30.9 % of the variance in 

anticipated pain at the dentist. Logistic regression analyses were performed to model the 

impact of the different variables of interest, and the full model was statistically able to 

differentiate between participants with high versus low dental anxiety scores. The strongest 

predictors for high dental anxiety were anticipated pain at the dentist, avoidance, sex, low 

social motivation on oral health behaviour and control belief. Psychological distress (HSCL-

10), dental status (DMFS), and self-motivation concerning oral health behaviour were not 

significantly different between anxious adolescents and non-anxious adolescents.  
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Figure 4. The independent variables in the logistic regression model, lines indicating a 

significant association with dental anxiety, a variant of Figure 3 from the published Paper I  

 

Paper II 

The specific aims of this study were to analyse changes in dental anxiety over two years from 

the first to the last year of upper secondary school (2010/11–2012/13) and identify variables 

that predicted high dental anxiety over time. The following hypotheses were tested: 

1. Dental caries experience at baseline is higher among youth with increased dental 

anxiety than youth with stable and decreased dental anxiety. 

2. Psychological distress at baseline is higher among youth with increased dental anxiety 

than youth with stable or decreased dental anxiety. 
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3. Youth with increased dental anxiety have higher anticipated pain estimates at the 

dentist than youth with stable or decreased dental anxiety. 

Despite the reduction in dental anxiety score over two years (median changed from DAS 7 to 

DAS 6), the proportion of individuals with high anxiety (DAS ≥ 13) was almost unchanged 

and marginally increased for individuals with a dental anxiety score ≥ 15 (from 5.7% in FF1 

to 6.4% in FF2). Three central factors that impacted dental anxiety over time were identified: 

high dental anxiety, high psychological distress, and more caries experience in the first wave 

were predictive of high dental anxiety in the second wave. Psychological distress was the 

strongest predictor of dental anxiety over time in this adolescent population. When looking at 

changes in dental anxiety scores (defining change in the score as ≥ the interquartile range 

[IQR/midspread]), we identified three groups of change: no change, higher dental anxiety and 

lower dental anxiety. High caries experience predicted change in either direction and was 

significantly lower in the group with no change in dental anxiety score. Psychological distress 

was also higher at baseline in both groups with a change in dental anxiety, compared to no 

change. Anticipated pain at the dentist followed the anxiety score as predicted; more anxious 

individuals anticipated more pain, whereas those who were less anxious anticipated less pain 

at the dentist.  

 

Paper III 

This study aimed to describe the prevalence of dental anxiety and the association between 

dental anxiety and traumatic life events in an adult population.  

High dental anxiety was reported by 2.9 % (MDAS ≥ 19) of the respondents, and it was more 

prevalent among women and in the youngest age groups. Reporting high dental anxiety was 

associated with more current mental health symptoms, poorer oral health and irregular dental 

visits compared to the less anxious part of the population. Among the potential traumatic life 

events, traumas linked to the dental setting displayed the largest difference between the 

anxious and the less anxious. There was a difference between anxious and less anxious adults 

in all PTEs in the bivariate analyses, but the effect sizes were small. In the hierarchical 

regression model, the control predictors sex, age, oral health, avoidance, and traumatic or 

painful dental experiences explained most of the variance in dental anxiety score and 

remained significant in all steps of the analysis. Concerning PTEs not related to the dental 
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setting, neglect in childhood, traumatic or painful medical treatment in hospital and sexual 

abuse was significant predictors in the step they were entered, but only sexual abuse remained 

significant when current mental health symptoms were entered in the last step. The effect of 

neglect in childhood and traumatic or painful medical treatment in hospital on dental anxiety 

was mediated through current mental health symptoms—except for sexual abuse, that had a 

direct effect on dental anxiety score independent of mental health symptoms.  

 

Figure 5. Mediation analyses of how current psychological distress mediates the effect of 

three PTEs on dental anxiety score from Paper III 
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4 GENERAL DISCUSSION 

The three papers in this thesis have sought to advance the knowledge base and understanding 

of dental anxiety in adolescents and adults, focusing on the relevance of mental health 

symptoms, oral health and potentially traumatic life events. Accordingly, this work describes 

how dental anxiety is associated with oral health and mental health symptoms at different life 

stages (adolescence and adulthood). Moreover, it provides an interpretation of the relationship 

between these variables over time in an adolescent population, indicating that it is a period 

susceptible to change in dental anxiety (Paper I–II). In addition, it considers the effect of 

potentially traumatic events and mental health symptoms on dental anxiety in an adult 

population (Paper III). The discussion will address the concepts explored (Figure 1) across the 

three papers and answer the corresponding aims (underlined in the text). 

Prevalence of dental anxiety 

 Describing the prevalence of high dental anxiety in the adolescent and adult population 

in Tromsø 

The prevalence of high dental anxiety in the adolescent population was 11.6 % (FF1), 11.5 % 

(FF2), and 2.9 % in the adult population. While the prevalence was lower than expected in the 

adult population, the associations with our control variables behaved as expected. All of the 

papers in this thesis underline the notion that dental anxiety is more prevalent in women than 

men and that the prevalence decreases with age. When it comes to the adolescent population, 

some studies have pointed to an increase in dental anxiety (95, 239), while others notice a 

decrease in dental anxiety (80), generally agreeing that it is period sensitive to change. One 

concerning aspect about the change in dental anxiety in Paper I and Paper II is that despite an 

overall decrease in mean dental anxiety score, the proportion of highly anxious individuals 

remained stable. This finding implies that the overall decrease in dental anxiety for the 

adolescents in this study does not reflect a decrease in the proportion of adolescents that 

struggle with receiving dental treatment. The clinical challenges are not likely to decrease, 

which is essential when planning and providing dental care for this age group.  

Oral health 

 Identify important predictors regarding the development and continuation of dental 

anxiety 
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No association was found between dental anxiety and caries experience (DMFS) in the 

adolescent population at the first wave. However, caries experience influenced dental anxiety 

score at the second wave. Similarly, mental health symptoms were not associated with dental 

anxiety at the first wave but seemed influential over time. In the adult population, self-

reported oral health was associated with dental anxiety, which indicates that this association 

might be strengthened over time due to avoidance. Catastrophic thinking and expecting the 

worst, associated with neuroticism, a factor that has previously been linked to dental anxiety 

(90) and mental disorders (240), could influence the self-reported measure (241). While the 

oral health status is important, satisfaction with oral health is more than clinical measures 

(242). There has been a discrepancy between self-reported oral health and clinical oral health 

measures by dentists (233), where older dentate adults rated their oral health more negatively 

than the dentists' evaluation (243). Self-reported oral health measure could also be affected by 

the use of dental health services (244). Nevertheless, dental anxiety affects both oral health 

measures and oral health-related quality of life (13, 50, 245, 246).  

In Paper I, there lacked a well-documented measure of self-efficacy; however, several 

questions covered themes related to oral health behaviour, knowledge, and beliefs. Dentally 

anxious reported helplessness in regards to their ability to prevent caries (control belief). 

While there are uncertainty and weaknesses in using just one item measure, whether or not 

they feel they can affect their health outcome is an essential part of health-related self-

efficacy. It is a concern that dentally anxious adolescents avoid dental treatment and feel that 

they cannot prevent caries, despite similar caries experience as less anxious adolescents. 

Furthermore, it poses the question of the origin of this belief. There was no difference 

between anxious and non-anxious individuals in caries experience and mental health 

symptoms at this point in the study, so the source of low control beliefs is uncertain. One 

possibility could be that others have questioned their abilities and probabilities for a healthy 

dentition. It is possible to speculate that this lack of control can relate to a general low self-

efficacy, and if unchanged, will have a continued effect on both physical and mental health 

(54). Whatever the cause, dental health services should consider their societal role in the 

prevention of dental disease. Dental caries is a preventable disease highly related to 

behaviour. Prevention strategies may benefit from supporting adolescents and work actively 

to increase their own beliefs and abilities in health behaviours that promote their oral health.  

Embarrassment is a central part of Berggren’s vicious cycle of dental anxiety (123), which led 

us to think that anxious adolescents would report more feelings of embarrassment concerning 
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oral disease and behaviour. This notion did not find support in the adolescent population. 

Instead, adolescents with high dental anxiety reported significantly lower social motivation 

concerning oral health and oral health behaviour. They reported less embarrassment and less 

concern about others’ opinions regarding their oral health and behaviour. These findings are 

difficult to interpret, especially considering earlier evidence on the matter. However, it could 

be related to a more generalized pattern of social retraction and avoiding judgements by 

others, mirroring conflicting emotions and feelings concerning oral health and behaviour. 

Could these questions also be threat-relevant to individuals with high dental anxiety, in that 

they elicit negative emotions or thoughts concerning oral health (247)? If so, expressions of 

reduced motivation could be interpreted as a form of avoidance coping, which would extend 

beyond the clinical situation. This emotional coping strategy involves avoiding unpleasant 

emotions associated with the threatening situation, and this could also involve cognitive 

elements such as denial and distancing (247).  

Avoiding dental treatment or an irregular attendance pattern is an important associated factor 

at all ages in all three papers. Avoidance is most often thought of as a consequence of dental 

anxiety, but based on these results, one might ask whether it could be considered a risk factor? 

Similarly, Thomson et al. (95) claimed that dental anxiety required in adulthood were 

unrelated to conditioning events, as complete avoidance predicted incidents of dental anxiety. 

In children, it is known that preventive care in dental health services before the first invasive 

dental treatment, to some degree, protects them from developing dental anxiety (148). 

Avoiding dental health services or only seeking dental treatment when in pain actively 

prevents non-invasive dental treatment and contributes to sustaining the anxiety (85). The 

literature often refers to dental treatment as a risk factor for developing dental anxiety since 

dental treatment in itself increases the chances of negative and painful dental experiences. The 

result from Paper II is important in establishing that dental treatment is more than a possible 

conditioning experience for developing dental anxiety. Pain at the dentist in the adolescent 

population reflected their dental anxiety level, and interestingly pain experience was 

implicated in both reduction and increase in dental anxiety. This finding indicates that 

invasive dental treatment can be involved in reducing dental anxiety in standard dental 

practice. However, little is known about what resources and interpersonal factors comes into 

play in this process. In other words, what separates between the treatments that contribute to 

reduce or increase dental anxiety? The key might be related to factors involved in building a 

trusting relationship and maintaining good communication. Based on the results concerning 
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changes in dental anxiety over time led to a conceptual model of change in dental anxiety 

related to dental treatment and experience.  

Figure 6. Possible outcomes of dental caries experiences in youth, a conceptual model, 

Figure 3 in Paper II 

 

 

 Detect factors related to changes in dental anxiety over time 

Changes in the level of dental anxiety, both negatively and positively, were highest among 

adolescence with more caries experiences. That is, caries experience could be viewed as a 

window of opportunity to reduce dental anxiety through positive experiences and the absence 

of pain. It underlines the importance of proper care regarding pain control and the 

psychological element of dental treatments. Productivity and efficiency are highly regarded 

and easy to measure in dentistry. While most strive to balance economics with the quality of 

the specialized treatment—what is considered successful treatment from the patient 



 

59 

perspective? Oral health is more than the number of treated cavities, and good oral health over 

the life span is dependent on both general health and mental health measures. These 

perspectives are necessary to improve oral health in the population. This notion supports 

better integration of dentistry in general health care and in concordance with Lancet’s oral 

health series, a shift in focus toward preventing disease and a more holistic view on dental 

care (5). It also underscores the potential for change in dental anxiety in the adolescent 

population. Timing matters; adolescence is an important age concerning many aspects of 

health, including oral health. However, it is a life phase that has been largely ignored in health 

and social services (207). The results from the studies on the adolescent population in this 

thesis provide an optimistic view. Standard dental treatment and care can reduce dental 

anxiety in adolescents with a moderate dental anxiety level. However, this was not evident for 

adolescents with severe dental anxiety. Over time they reported higher anxiety levels, 

extending the gap between non-anxious and anxious individuals.  

Mental health  

Current mental health symptoms were associated with high dental anxiety in the adult 

population (Paper III) and predicted dental anxiety over time in the adolescent population 

(Paper II). Several studies have pointed to the association between dental anxiety and mental 

illness or symptoms of mental illness in both adolescent and adult populations (66, 90, 145, 

146, 248, 249). The social and mental consequences of deteriorating oral health due to dental 

anxiety and avoidance coping is evident (122, 246, 250). However, mental health disorders 

and mental health symptoms are linked to more stable traits, like personality, temperament 

and emotional control (251, 252). Thus, the measure of mental health symptoms could be an 

expression of a relative stable vulnerability towards developing anxiety concerning dental 

treatment (74, 90). Based on this notion, the association between mental health symptoms and 

dental anxiety over time in Paper II, does not indicate a causal relationship between mental 

health symptoms and dental anxiety. Rather it indicates that the variability of dental anxiety is 

due to differences in certain personality traits in this population (92). Regardless of the 

interpretation and direction of the association, mental wellbeing could have implications both 

from a preventive and treatment perspective of dental anxiety.  

Potentially traumatic events 

 Determine the potential associations between dental anxiety and potentially traumatic 

events and how current mental health symptoms affect these prospective relationships 
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Paper III is the only paper in this thesis that asked about potentially traumatic events (PTEs). 

Excluding traumatic experiences as an independent variable in the adolescent population 

under study is unfortunate when we know the potential impact of trauma on health and illness 

(16, 253-255).  

In the preliminary analyses (chi-square tests), all PTEs were significantly associated with high 

dental anxiety, yet effect sizes were small. Traumatic or painful dental experiences had the 

highest impact (effect size) on dental anxiety. However, 31% of individuals with high dental 

anxiety had never experienced a painful or traumatic medical treatment at the dentist. While 

the question considers both pain and traumatic experiences, it does not necessarily include all 

negative experiences that have been linked to dental anxiety. Other components, such as 

feelings of loss of control, embarrassment, and interpersonal issues (64, 256, 257), are 

essential for dentally anxious individuals in the dental treatment setting but might be 

unaccounted for when limiting experience to pain and traumatic dental experiences.  

When controlling for all relevant covariates, the only PTE outside the dental setting that 

remained a significant independent predictor of dental anxiety was sexual abuse. Painful or 

traumatic medical treatment at the hospital and childhood neglect increases the vulnerability 

of dental anxiety through increased mental health symptoms. Reporting traumatic events 

combined with a high level of current mental health symptoms could indicate that the 

respondents still suffer from an earlier trauma. Unresolved trauma could explain why two of 

the traumatic events in Paper III lost their significant impact on dental anxiety when 

introducing current mental health symptoms as a covariate. 
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Figure 7. Sexual abuse maintained a significant direct impact on dental anxiety when 

accounting for the effect of mediation through mental health symptoms. 

 

Having experienced trauma does not necessarily indicate continued struggles, but there are 

differences in the processes related to traumatic memory versus “normal” memory (181). 

High arousal and activation of the amygdala seem to intervene with the normal process of 

explicit memory formation in the hippocampus, which explains why the memory of traumatic 

events are neurologically stored differently than explicit memory or conscious memory (180, 

194). When the normal memory storage is disturbed, there is a failure to integrate explicit 

memory of a part of or entire events (180, 194). While this adaptation is beneficial under 

extreme conditions, the failure to integrate these memories into a personal narrative could 

affect the ability to recognize safety cues in non-threatening situations (192, 258). 

Generalization of fear to stimuli that are not directly related to an aversive event is 

particularly relevant to individuals with PTSD following potentially traumatic events (258), 

where there is a persisting failure to recognise signs of safety in non-threatening situations 

(259).  

 

Sexual abuse maintained a significant independent influence on dental anxiety irrespective of 

mental health symptoms in Paper III. Thus, sexual abuse can make dental treatment difficult 

regardless of how the trauma affects current mental health symptoms. The sensory input that 

occurs in dental treatment can resemble those experienced during abuse. Recovery from 

trauma involves coping with everyday life and routine, not preparing survivors to cope with 

multiple sensory triggers in specialised medical treatment situations. Consequently, traumatic 

experiences with sexual abuse that are apparently resolved in terms of an individuals’ daily 
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functioning can still evoke problems in the highly specific dental treatment setting. Problems 

resurface when sensory input in the dental treatment situation triggers implicit memories of 

trauma. Triggers might be a range of physical and sensory memories, which might include 

bodily position, sensations of fingers, liquids and objects in the mouth,  physical closeness, 

smells, reassuring words and sentences, feeling trapped and life-threatening danger, without 

the individual being consciously aware of the link between these bodily sensations, former 

trauma, and the dental treatment situation. Survivors of interpersonal related traumas can 

function well as long as feelings related to traumatic memories are not stirred up, explaining 

why specific sensory or emotional triggers makes them feel or act as if they are traumatised 

all over again (180). The direct independent association between sexual abuse and dental 

anxiety (Paper III) emphasises that dental professionals should recognize and be conscious of 

how the sensory stimuli in the dental setting could trigger feelings that resemble abuse. Also, 

such feelings could be reinforced by situational factors, such as the presence of pain, a non-

empathic or stressed operator, and poor communication skills. This knowledge is equally 

relevant in all patient encounters: Few patients feel that their abuse history is relevant to 

report to their dentist (14), especially traumatic experiences that are not a current problem in 

their everyday life. In addition, dentistry tends to focus on operative treatment. It is a very 

practical profession, and it does not always allow the operators to reflect upon other aspects of 

the treatment. Complex and technical demanding treatment procedures require concentration 

and focus on ensuring a decent outcome. Patients are often under general anaesthesia or 

sedation during technically demanding medical treatment and surgery, allowing the operator 

to focus on the procedure. In contrast, similarly demanding dental procedures are performed 

with awake and conscious patients, where the dental professional has to maintain 

communication, collaboration, and focus on the patients’ well-being simultaneously. This 

duality is probably one of the most challenging aspects of the dental profession. Failing to 

consider both aspects during treatment could potentially lead to a traumatic experience for the 

patient or re-victimization in individuals with a trauma history (185).  

Oral diseases are still common across the general population, but marginalized groups have a 

higher burden of oral disease (5), which includes survivors of trauma (260). Being a victim of 

sexual abuse has an independent impact on dental anxiety, but also physical health (16) and 

oral health (24, 260, 261), leaving the most marginalized and vulnerable groups in society 

with the most extensive dental treatment need (5, 43, 150, 151). These broader social 

determinants of oral health need to be addressed in how dental health services are organized 
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and what focus dental professionals have in providing dental care (25). There is room for a 

more holistic view of oral health, including aspects of other somatic conditions, psychological 

illness and more stable vulnerability factors. Collaboration across disciplines will be more 

critical in future health care and health strategies, including oral health (5).  

The link between sexual abuse and dental anxiety in a resourceful adult population with low 

levels of dental anxiety (Paper III) highlights the complexity of high dental anxiety. Complex 

aetiology should reflect the treatment available. A treatment approach proven successful to 

individuals with a specific phobia might be less successful in individuals who struggle with 

dental treatment due to trauma or generalized anxiety. To reduce dental anxiety across 

different causal trajectories, we might have to adapt our treatment to address those causal 

links.  

When it comes to dental anxiety and potential risk factors, dental professionals cannot control 

many aspects. We have no control over the individual differences that our patients reflect, like 

personality, temperament, emotional regulation, coping mechanisms, mental disorders, or a 

history of traumatic experiences. However, we control the dental treatment situation.  

Methodological considerations 

Study design 

This thesis includes data from both cross-sectional and longitudinal study designs in the same 

region. The cross-sectional design is used to study disease and risk factors patterns in the 

population, and it can generate and test hypotheses based on associations (262). The cross-

sectional approach is limiting when trying to understand possible causal effects in health and 

disease. All measures are at one point in time, which makes causal conclusion impossible.  

Paper II uses a longitudinal study design, analysing data from the same population at two 

points in time (2010/2011–2012/2013). This prospective design permits a study of the 

disease's natural history, measures incidence, causal links, and assesses the strength of 

associations (262). The design allows studying causal effects, but there might be issues due to 

loss to follow-up.  

 

Selection bias and generalizability 
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Selection bias refers to systematic errors in the recruitment or retention of study participants, 

potentially resulting in misrepresentation or false distortion of characteristics related to 

exposure or disease. Volunteers and participants in health studies tend to have different 

attitudes, behaviour, and health status compared with people that choose not to volunteer 

(262-265). There is a question of evaluating the studies abilities to recruit the correct share of 

dentally anxious individuals in the population, which could affect the representativeness of 

the studies. We have to expect some degree of distortion in the representativeness of dentally 

anxious individuals in these studies due to the avoidant nature of the disorder (62). Inadequate 

description of different characteristics in the population under study compared to other 

populations can cause problems with generalizability (262). Careful consideration of this 

region's socio-economical and oral health-related characteristics is necessary when comparing 

it to populations in other geographical areas. 

Tromsø and Balsfjord are municipalities in Troms and Finnmark County. Tromsø 

municipality is the most populous municipality in northern Norway and the ninth-largest 

municipality in Norway. Tromsø municipality had 76,974 inhabitants (01.01.20); the majority 

(88.9 %) lives in urban areas, and over 3/4 of the citizens’ working force is employed in 

public and private services or the business sector. The city's largest workplaces are UiT 

Norway's Arctic University (UiT) and the University Hospital of Northern Norway (UNN). 

Balsfjord municipality borders Tromsø. It has a population of 5,685 (01.01.17). Agriculture 

and associated industry are the most important industries in the municipality. No other 

municipality in Troms has so much cultivated land; however, 28 % of the working population 

works outside the municipality, and 16 % in Tromsø.  

The selected population in Paper I–II are students attending upper secondary school in 

Tromsø and Balsfjord municipality. This selection excludes adolescents that, for some reason, 

are not attending school at this age. Based on the Norwegian Statistical Central Agency (SSB) 

reports, we know that in the age group 16-20 years old, about 9% does not attend a school or 

have a job (266). Besides, 27% of the adolescents who start their upper secondary education 

do not complete their studies within five years. Gender, grades from primary school, choice of 

field of study and parents’ educational levels are important determinates for achieving an 

upper secondary school diploma. Dropping out of school and not getting a job affects social 

function, expectations and potential marginalization in society (266). These adolescents and 

young adults show more mental health symptoms (sleep disorders, anxiety and depression) 

than those attending school or workplace. There is reason to believe that extreme dental 
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anxiety and avoidance coping might be linked to adverse social effects like isolation and 

marginalization in society. Nevertheless, all young people in Norway have a statutory right to 

upper secondary education. Registered students in the first year include students who do not 

complete their studies and should arguably represent adolescents in this region. The 

attendance rate at baseline is usually more than acceptable (92.7%), but we could risk an 

imbalance in the proportion of dentally anxious adolescence among the participants and those 

that did not participate.  

 

The invitations in Paper III was extended to the entire adult population ≥ 40 years old in 

Tromsø municipality. Thus, representativeness is primarily dependent on the participation rate 

(262). The attendance rate in Tromsø 7 was 65%, which is acceptable compared to similar 

studies (72, 267, 268). However, selection bias might still occur if the non-attendants is not 

random, that they differ on variables related to predictors or outcome. There is only available 

comparable data related to age and sex (226). Females had a higher attendance rate in all age 

groups compared to men, and the lowest attendance rate was (7–58%) among the eldest (80–

104 years old) (226). The underrepresentation could affect generalization, especially for the 

oldest part of the population.  

 

Table 5. Participation in the Tromsø Study 7, 2015-16 

Age Invited 

males 

Invited 

females 

Males in 

the study 

Females in 

the study 

Attendance 

rate males 

Attendance 

rate 

females 

40–44 2796 2572 1473 1678 52.7 65.2 

45–49 2766 2623 1581 1700 57.2 64.8 

50–54 2298 2439 1434 1705 62.4 69.9 

55–59 2029 2095 1356 1540 66.8 73.5 

60–64 1901 1911 1320 1420 69.4 74.3 

65–69 1642 1675 1182 1257 72.0 75.0 

70–74 1195 1194 852 857 71.3 71.8 

75–79 702 807 463 504 66.0 62.5 

80–84 426 553 251 268 58.9 48.5 

85–89 213 428 74 121 34.7 28.3 

90–94 76 185 21 20 27.6 10.8 

95–104 8 57 2 4 25.0 7.0 

Total 16052 16539 10009 11074 62.4 67.0 

 

The educational level in the population under study was higher compared to both county and 

national education level (37), which could indicate that individuals with higher education 
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were more inclined to participate in the study. Since oral health and avoiding dental treatment 

are connected to socio-economic factors (213, 232), this could lead to underestimating oral 

disease and overestimating the proportion of individuals who regularly attend the dental 

health services in this study. Most participants, 89.9 %, reported a regular attendance pattern. 

This high attendance pattern is more optimistic than the numbers reported in a population 

study among adults in Troms County in 2014, where 77.7 % of the entire population under 

study reported similar regular attendance (269). The private sector provides the majority of 

dental care for the adult population in Norway without any public involvement concerning the 

geographical distribution of dental clinics or fees for dental services. The lack of regulation 

could be problematic regarding equal health care, leaving accessibility and the personal 

economy more predictive of regular dental attendance than other factors (223). Thus, the adult 

population in Tromsø, a city with a high density of private clinics, would perhaps have better 

access to dental health care than rural areas. It might also be coloured by the high educational 

level among the participants. Also, it is possible to speculate that individuals with dental 

phobia who chose not to participate in this study would be more inclined to use avoidance as 

a strategy than the phobic participants who participated in this study, influencing the reported 

attendance pattern. Overall, Tromsø 7 is a population study with an advantage in 

representativeness compared to studies on a selected part of the population like university 

students (26), expecting parents (28) and dental patients (27). 

Selection bias due to loss to follow-up 

The loss to follow-up could pose a serious threat to internal validity. Considering the data 

from FF1 and FF2, 30% of the participants in FF1 did not participate in the second wave 

(FF2). The advantage of having a prospective study design in this regard is that it enables us 

to compare the baseline characteristic of participants that participated in both waves and those 

lost to follow up. Males were three times more likely to drop out of the study compared to 

females. Reporting a missed dental appointment due to fear increased the likelihood of 

dropping out of the study almost twofold compared to non-avoiders. A poor dental status also 

increased the likelihood of dropping out. These findings indicate that study dropouts differ 

from those who chose to follow through on relevant variables to our study. 

There is a similar pattern of characters that describes the school dropouts and study dropouts. 

The invitations in the first wave are limited to registered students and conducted during 

school hours, thereby making school attendance central to participating in both waves. The 

dental anxiety score did not differ significantly between participants and loss to follow up, but 
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there was a significant difference in avoidant behaviour (reporting missing a dental 

appointment due to fear). Earlier studies have revealed that episodic dental visiting patterns 

are predictive of increased dental anxiety over time (80), indicating that dental anxiety is 

likely to rise among avoiders. Hence the dental anxiety might be higher among the study 

dropouts. There was no difference in self-reported mental distress at baseline between the 

groups. Mental health symptoms increased significantly in the second wave among 

participants. In theory, if the study dropouts are more likely to be school dropouts, they will 

report more mental health symptoms than those attending school, according to studies on 

marginalized youth (266). If the assumptions on dropouts were correct, they would display 

more caries lesions, more avoidant behaviour, higher levels of mental distress and possibly 

higher dental anxiety scores. Thus, there is a potential underestimation of the prevalence of 

both dental anxiety, dental caries and associations between central variables due to dropouts. 

One might argue that changes in mean dental anxiety scores could be, to a certain degree, 

explained by the loss to follow up. There is a high probability of losing statistical power 

concerning avoidance, dental decay and sex. Avoidant behaviour, oral health and dental 

anxiety is highly associated in the literature, which means that we risk type II error, accepting 

that there is no correlation between these variables when there is one. We must also consider 

the potential of introducing a type I error due to the sex difference. However, sex differences 

in mental disorders, including anxiety disorders and phobias, are supported by the literature.  

 

Selection bias due to the clinical oral examination 

Another critical issue that can lead to selection bias is studying dental anxiety paired with a 

clinical dental examination. Avoidance is one of the diagnostic criteria for dental phobia (62). 

Thus, participants with a dental phobia that involves avoidant behaviour would struggle to 

follow through with the examination and probably not volunteer to participate at all. 

Considering the dental examination as a possible selection bias in the current studies, they had 

the advantage of having a general health focus; the dental examination was only a minor part 

of the study. It took place in a different location than the other examinations. The 

questionnaires on dental anxiety were unrelated to the dental examination, which made it 

possible for participants to answer the questionnaire and not participate in the dental 

examination. In Paper I, the oral examination in the study replaced the annual dental 

examination of the county (270). As mentioned in the method section, the public dental health 

service in the county provides dental examinations of prioritised groups in society, mainly 
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children. The dental examinations in children and adolescents are mandatory, and not 

attending is reported to child protective services. Participating in the oral examination in this 

study meant that participants did not have to go through with another dental examination that 

year. Several measures were made to facilitate participation. The examination took place 

during school hours; the transportation to the examination localization was organized and 

participants received a small monetary compensation (200 NOK). Most adolescents 

volunteered for the oral examination, and only 25 individuals (2.5%) did not participate for 

unknown reasons.  

 

In Paper III, only a selection of the study participants got an oral examination. Online 

questionnaires enabled data collection independent of any clinical participation. However, all 

of the participants went through a general clinical examination that included drawing blood. 

Drawing blood is an obvious problem considering the overlap between dental avoidance and 

injection phobia (199), affecting avoidance of dental treatment (271). Nevertheless, some of 

the individuals that have been avoiding dental treatment could look at an invitation to a free 

dental examination as an opportunity to challenge avoidance coping, especially if the 

invitation makes participation more accessible. For those that have avoided the dentist by 

default or because seeking out a dentist has proven to be a big challenge in itself, an invitation 

could be a welcome possibility. Also, if there is an underrepresentation of dentally anxious in 

the included studies, the existing literature supports the associations found in all the bivariate 

analyses. Thus, the effect of including a larger portion of dentally anxious individuals would 

probably enhance rather than lower the effect sizes of correlations observed but may cause 

type II error.  

 

Misclassification 

Misclassification results from information bias and can lead to a wrongful classification of an 

individual, a value or an attribute (272). Recall bias, reporting bias, observer bias or imprecise 

instruments are all information biases.  

When asked about events in the past, the frequency of recalled life events diminishes over 

time (273). Although PTEs are more frequently recalled compared to non-traumatic events, 

the frequency of recall is associated with the level of distress at recall (273), indicating that 
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longer recall periods affects the frequency of reporting PTEs with a less severe impact on the 

individual. There was significant decrease in reported traumatic events with increased age 

group: ꭓ2 (7, n = 20632) = .18, p = .001, Cramer’s V = .18. Rather than PTEs being more 

prevalent in the younger population, it is perhaps more likely that these age-related 

differences are explained by how time affects the recollection of life events.  

Social desirability bias is when participants report false information, avoid mentioning 

information, or modify it, providing answers adjusted closer to the social norm than reality 

(274). Attendance patterns in dentistry are affected by social norms and could, to some extent, 

explain that almost 90 % reported regular dental attendance in Paper III. Social desirability 

bias could be a potential problem in reports of oral health-related behaviour in Paper I and II 

and explain the lack of association between oral health behaviour and dental caries 

experience. Similarly, self-reported oral health in Paper III could be influenced by dental 

attendance pattern and socio-economic factors rather than clinically relevant dental treatment 

need. Unfortunately, we lack clinical data on oral health in Paper III, making the potential 

bias difficult to assess.  

When it comes to measuring dental anxiety, the DAS questionnaire used in Paper I and II 

could potentially fail to include individuals with injection phobia, thereby underestimating the 

prevalence of adolescents who struggle with dental treatment. The cut-off values in both the 

DAS and MDAS questionnaire could misclassify individuals in both directions. However, the 

cut-off levels were based on the available literature, and the effect of misclassification is 

probably limited since it is equally relevant in both directions. 

HSCL-10 was used to measure mental health symptoms or psychological distress. HSCL-10 

is a reliable and valid measure of symptoms of depression and anxiety in the population (234).  

However, it is a measure of current symptoms at the time of administration, and the nature of 

these symptoms in terms of longevity is unknown (i.e. they could be chronic or time-limited). 

Using this measure as a predictor over two years poses a potential problem since the current 

measure could be time-limited. However, there was a significant increase in mental health 

symptoms over the two years, and the proportion of individuals that maintained a low score 

(below 1.85) was over 80 %. Only 11.3 % reported a reduction in mental health symptoms (≥ 

the IQR of 0.5) over the two years. In addition, prospective studies have concluded that 

mental health symptoms often persist in adolescents over time.  
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Caries experience in Paper I and II relied on data from the clinical examination. Classification 

errors in the clinical estimation of caries are more sensitive to what degree the caries lesion 

has evolved and, to a lesser extent, on caries' presence in the dentition. The papers only used 

data on the DMF index, which only included caries lesions that require a restorative 

treatment, introducing a potential underestimation of caries experience and activity.   

Ethical considerations 

To protect the rights and safety of participants in health research, all research involving 

humans require informed consents. While there could be questions related to information, 

comprehension and understanding, the risks of participation in an observational study 

concerning potential harm from the oral examination with radiographs are considered minor. 

For the adolescent population under study in Paper I and II, this examination and exposure to 

x-rays are a part of standard preventive care. However, there is a question concerning the 

ability to understand and evaluate what information they share in different research projects. 

The participants in Paper I and II received gift cards (value 200NOK) as a small 

compensation for participating. The examination took place during school hours, which could 

have led to a feeling that participation was mandatory. However, participants can choose to 

withdraw their data from the study. The retrieval of data from The Tromsø Study assures de-

identification. In addition to a central ethical approval for the Tromsø Study, every research 

project must obtain independent ethical approval from REK (Medical Committee for Medical 

and Health Research Ethics). The unwarranted influence on participation based on health risk 

and compensation is considered low. 

Asking about traumatic experiences 

It is expected that issues relating to physical and sexual abuse will cause the participants some 

degree of distress, especially for individuals who have experienced this themselves or have 

second-hand experiences of abuse. However, the literature has found that environmental 

triggers, rather than being asked about the trauma, triggers traumatic memory (180, 275), as 

discussed in Paper III. Thus, the oral examination has more potential for provoking traumatic 

memory than a question in a questionnaire. Also, there is convincing evidence to claim that 

not asking about trauma is also an ethical dilemma (275). The benefits of asking about abuse, 

both to the individual participant and society, are underestimated (275).  

Gender issues 
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Both genders were included in the studies, and the research topics are equally important to 

women and men. There are indications that men and women might have different 

symptomatology (96, 276) and neurological responses (97) regarding dental phobia and 

sexual abuse.  
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5 CONCLUSIONS 

Based on population studies in Tromsø municipality, this thesis provides information on the 

prevalence of dental anxiety and associated variables in adolescents and adults. It considers a 

new perspective, analysing clinical data on caries experience, mental health symptoms, 

potential traumatic life experiences and dental anxiety over time.  

The specific conclusions: 

 High dental anxiety scores were most prevalent in adolescents (11.6%) and the younger 

age groups in the adult population under study.  

 

 While the prevalence of high dental anxiety in the adult population in Paper III was 

lower than previously reported in similar populations (2.9 %), the associated factors 

indicate a high burden of disease. Dentally anxious individuals report more current 

mental health symptoms, poor oral health and symptom-driven or complete avoidance 

of dental treatment.  

 

 Dentally anxious adolescents, regardless of caries experience, avoid dental treatment 

and feel that they are unable to prevent caries.  

 

 Caries experience and mental health symptoms did not correlate in the adolescent 

population's first study wave (Paper I). Nevertheless, they were significant predictors 

of dental anxiety over time (Paper II), indicating that they are risk factors rather than a 

consequence of dental anxiety at this point in life. 

 

 Changes in dental anxiety in youth are most likely due to an interplay between 

individual vulnerability and subjective experiences. The individual vulnerability factors 

(here: caries and mental health symptoms) are predictive of a change in both directions. 

Thus, subjective experiences (here: estimations of pain at the dentist) are the only 

variable measured that differentiate between those who reported an increase and those 

who reported decreased dental anxiety scores during upper secondary school. 
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 While most of the adolescent population under study reported decreased dental anxiety 

levels, highly anxious adolescents felt more anxious; this may create an even greater 

gap between the anxious and the non-anxious. 

 

 The influence of childhood neglect and traumatic or painful medical treatment at the 

hospital on dental anxiety was mediated through current mental health symptoms 

(Paper III). 

 

 Survivors of sexual abuse can experience challenges in receiving dental treatment 

regardless of whether their history of sexual abuse affects their current mental health 

status.  

 

Clinical Implications 

 Adolescence is a period sensitive to change in dental anxiety. Dental treatment need 

could be viewed as a window of opportunity to reduce dental anxiety through positive 

experiences and the absence of pain in adolescents with moderate dental anxiety levels. 

 

 Severe dental anxiety is an established problem in the adolescent population. This 

thesis provides evidence suggesting that existing dental care and prevention, while 

beneficial for most adolescents, is insufficient for reducing dental anxiety in highly 

anxious individuals. Severely anxious adolescents would probably benefit from being 

offered treatment, similar to what is provided to adults, for their dental anxiety.  

 

 The direct effect sexual abuse had on dental anxiety emphasizes the importance of 

educated and empathic dental personnel who can recognize and be conscious of how 

the sensory stimuli in the dental setting could trigger feelings that resemble abuse.  

 

 It might not be apparent for the patient that their experiences with sexual abuse can be 

directly related to their anxiety and difficulties in getting dental treatment. 
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6 FUTURE PERSPECTIVES 

 

This thesis presents findings on dental anxiety and its development over time in an adolescent 

population that invite future studies to focus on what factors in standard dental care contribute 

to lowering dental anxiety. The cost of severe dental anxiety to the individual and society in 

adulthood urges us to focus on preventing and treating this condition at a younger age. 

Reducing dental anxiety in the general population and preventing avoidance coping is critical 

to secure equal opportunities to maintain good oral health throughout the life span. 

The longitudinal data showed that a reduction in mental health symptoms corresponded with a 

reduction in dental anxiety in the adolescent population. Taken together with the finding of 

how mental health symptoms predicts high dental anxiety scores over time, reducing mental 

health symptoms could affect dental anxiety and anticipation of pain at the dentist or vice 

versa; that a reduction in dental anxiety could affect the general well-being of adolescents 

through a reduction in mental health symptoms. Regardless of what factor leads to the other, 

it is evident that they appear together and change together, indicating interdisciplinary 

benefits. 

Traumatic experiences, directly or mediated through mental health symptoms, influenced 

dental anxiety—Traumatic history matters in the dental chair and should be considered in 

resolving and reducing dental anxiety. Treatment of dental anxiety when there is a history of 

trauma might require a different approach. Maybe a close collaboration with rehabilitation 

clinics for survivors of abuse is warranted, and greater trauma awareness and trauma-sensitive 

care among dental practitioners. One should question whether it is possible to expect the same 

outcome for an individual with a dental phobia that is specific, limited to, for instance, the 

syringe, and an individual with a dental phobia due to traumatisation. Without sufficient 

evidence on the effect of treatment across different causal trajectories, we should be cautious 

about narrowing our treatment options and guidelines, creating standards that could fail to 

address the individuals that struggle the most.  

This thesis presents evidence that could imply that we are currently failing anxious 

adolescents in supporting their abilities to control their health outcome and manage dental 

treatment. However, we need to know more about what factors, resources, or skills are 

essential in securing adolescents positive treatment experience in the dental setting.  
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Abstract

Objective: Identify predictive variables related to the development and continuation

of high dental anxiety among young people over 2 years and assess differences

between youth experiencing increased, decreased or unchanged dental anxiety

scores over time.

Methods: An observational panel study of 15‐ to 21‐year‐old people in Tromsø and

Balsfjord region followed students from their first to their last year of upper sec-

ondary school (2010/11‐2012/13). Logistic regression was used to estimate odds

ratios and their 95% confidence intervals (CI) of possible predictive variables

assessed at baseline when using dental anxiety score from the second wave as a

dichotomous dependent variable. Variables measured at baseline: Sex, Dental Caries

Experiences (DMFS index), Dental Anxiety (Corah's Dental Anxiety Scale/DAS), Psy-

chological Distress (Hopkins Symptom Checklist/HSCL‐10), Avoidance of dental

treatment, Pain Estimation at the dentist and motivational questions related to

tooth brushing and caries (Self and Social Motivation). Wilcoxon signed‐rank tests

and Kruskal‐Wallis tests were used to test whether changes in DAS score between

waves were associated with changes in Pain Estimation between waves and HSCL‐
10 scores at baseline.

Results: Hopkins Symptom Checklist, DMFS and DAS scores at baseline predicted

high dental anxiety scores after 2 years. Sex, motivation related to oral hygiene and

avoidance due to fear at baseline did not contribute significantly to our model.

DMFS and HSCL‐10 were higher among young people who reported a substantial

change in DAS score (2.0 > Interquartile range/IQR), irrespective of the direction of

change. Pain Estimation changed consistently with a change in DAS score.

Conclusion: Mental health symptoms, pre‐existing dental anxiety and dental health

status are important contributors to the development of dental anxiety in youth.

Estimations of pain at the dentist are central when it comes to changes in dental

anxiety over time in this study.
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1 | INTRODUCTION

Dental fear and anxiety in youth are estimated between 5% and

20%1 and can have serious detrimental effects on oral health both in

the short and long term.2-5 In order to explain development of dental

anxiety in young people, studies point to the impact of negative or

traumatic events (conditional events) relating to dental treatment,1

and in particular pain.6

The terms “young people” or “youth” are used here to describe

the study population of individuals aged 15‐21 years, in accordance

with the UN's definition of youth as “people aged between 15 years

and 24 years.”7 This life phase is of particular interest, as health‐
related behaviours and health outcomes during this period have a

continued effect in adulthood.8 Several studies have pointed to

youth being more vulnerable to the onset of dental anxiety,9,10 and

dental anxiety in this age span is more unstable than in other ages.11

Hence, this age group presents an opportunity for dental healthcare

providers to promote positive health behaviours and attitudes that

build a foundation for future oral health. A better understanding of

what contributes to the development and changes in dental anxiety

in youth is needed to improve age‐relevant prevention and treat-

ment approaches.

While many studies have addressed the onset of dental anxiety

in young age, relatively few in comparison have investigated what

contributes to changes or continuation in dental anxiety among

youth. Seligman et al1 proposed an extension of the vicious cycle

model of dental anxiety/fear4,12 for youth. In this model, repeated

painful experiences lead to avoidance behaviour, which over time

leads to deterioration of oral health. This in turn leads to negative

thinking about dental treatment, which increases avoidance beha-

viours. What others think or express concerning dental treatment

(familial and cultural beliefs) also contributes to this process. Thus,

avoidance behaviour is an important factor in maintenance of dental

anxiety.13,14 Avoidance effectively prevents experiencing nonpainful

dental treatment, which could serve as exposure to feared situations

in line with cognitive‐behavioural treatment models of dental pho-

bia.15,16 Correspondingly, research has pointed to the protective fac-

tor of positive dental treatment experiences and maintaining regular

use of dental health services to prevent or alleviate dental

anxiety.11,17

In addition to the impact of negative, conditional events on dental

anxiety, an individual's psychological characteristics might influence

also impact dental anxiety. Psychological disorders have been associ-

ated with the stability of high dental anxiety,18 and Locker et al19

found that both co‐existing psychological problems and conditional

events such as invasive treatment were important in the development

of dental anxiety in young adulthood. For instance, depression and

anxiety disorders appears to show comorbidity with dental fear,20

perhaps because the cognitive processes associated with depression

influence how an individual perceives life events (ie, that events are

perceived more negatively).21 In accordance with this, constructs such

as “psychological functioning”, which is related to regulation of emo-

tion and behaviour,22 have been shown to act as a mediator between

dental anxiety and pain perception.23 This indicates that increased

sensitivity to pain among anxious patients is not only due to higher

anxiety, but that the ability to tolerate or regulate pain experiences

by cognitive processes (ie, psychological functioning) might be equally

important. Also, expectations of pain have important behavioural con-

sequences, as we tend to avoid situations where we anticipate pain

or unpleasantness. Patients with high dental anxiety expect dental

treatment to be more painful than nonanxious patients,24 and

research indicates that management of pain expectations might lower

pain perception.25 Thus, how patients think about and estimate pain

could be related to changes in dental anxiety.

The main objective was to identify predictive variables in the

development and continuation of high dental anxiety from the first

to the last year of upper secondary school in the Tromsø and Bals-

fjord region of Norway. Differences between youth experiencing

increased, decreased or stable dental anxiety scores over time are

also assessed.

We wanted to test the following hypotheses about change in

dental anxiety over time:

1. Dental caries experience at baseline is higher among youth with

increased dental anxiety than youth with stable and decreased

dental anxiety.

2. Psychological distress at baseline is higher among youth with

increased dental anxiety than youth with stable or decreased

dental anxiety.

3. Youth with increased dental anxiety have greater estimates of

pain at the dentist than youth with stable or decreased dental

anxiety.

2 | METHOD

Fit Futures is an expansion of the Tromsø study.26 The Tromsø

Study has a general health focus, and the collected data are based

on extensive self‐reporting questionnaires and a wide range of clini-

cal examinations, including a dental examination and collection of

biological samples. In Fit Futures 1 (FF1, 2010/2011) 92.9% of all

first‐year upper secondary school students in the two neighbouring

municipalities of Tromsø and Balsfjord in northern Norway volun-

teered to participate (N = 1038; 508 females and 530 males). Two

years later, Fit Futures 2 (FF2, 2012/2013) invited previous partici-

pants and new registered students in third‐year upper secondary

school for a second study. Participants were included who had com-

pleted measures of dental anxiety in both waves and who were

under the age of 18 during the first wave. This left 685 (377 females

and 308 males) participants eligible for final analysis: a 69.5% follow‐
up rate (Figure 1). All participants gave written consent. The Regio-

nal Committee of Medical and Health Research Ethics (reference

number 2014/1093/REK nord) approved the study in September

2014.

Corah's Dental Anxiety Scale (DAS) was used to measure den-

tal anxiety.27 The scale yields a score of 4‐20, with high scores
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indicating greater anxiety. We classified individuals with DAS

scores of 13 or more as dentally anxious.5,11,18 A change in dental

anxiety was registered if DAS score differed by more than 2.0

(the interquartile range) over 2 years (Y1 [Sum score DAS in

FF1] − Y2 [Sum score DAS in FF2]). This approach was chosen to

safeguard against spurious effects and to focus on more substan-

tial changes. Three groups indicating change in dental anxiety was

identified: increased dental anxiety, decreased dental anxiety and

no change.

In an effort to describe oral health as more than the presence or

absence of caries,28 we decided to include questionnaire items con-

cerning oral health attitudes and motivation. Dental Caries Experi-

ences was registered by the Decayed, Missing, Filled, Surfaces

(DMFS) index.29 Description of the clinical oral examination can be

found in a previous article on this dataset describing the caries

prevalence.30 An exploratory factor analysis was performed for 23

questionnaire items concerning oral health knowledge and behaviour.

Details on these questionnaire items and the analysis can be viewed

in an Data S1 and in a previous paper describing dental anxiety at

baseline.31 The resulting scales are called Self‐Motivation concerning

knowledge and attitudes about tooth‐brushing behaviour and Social

Motivation related to feelings of embarrassment and recognition

concerning dental health and tooth brushing. The Cronbach's alpha

coefficient of these scales was 0.89 and 0.85, respectively.

Avoidance due to fear was measured with participants respond-

ing, “yes” to the question: “Have you ever missed a dental appoint-

ment due to fear?” We refer to this variable as Avoidance in the

Results and Discussion sections.

The study participants were also asked to estimate pain during

dental treatment using the question, “How painful, on average, do

you think it is to go to the dentist?” and to indicate pain from 0 (no

pain) to 10 (worst conceivable pain). We refer to this variable as Pain

Estimation (PE) in the Results and Discussion sections.

Psychological Distress was measured using the Hopkins Symp-

tom Checklist (HSCL‐10). HSCL‐10 is validated and recognized for

use in epidemiological studies and in clinical work among youth mea-

suring symptoms of depression and anxiety.32 An average HSCL‐10
score over 1.85 was set as an indicator for symptoms of anxiety

and/or depression as recommended by former research.33

The study utilized a prospective design. DAS scores was assessed

twice, over the course of 2 years. HSCL‐10, DMFS, Self‐Motivation,

Social Motivation, Avoidance and demographic characteristics

assessed at baseline were treated as predictors of high dental anxi-

ety scores in the second wave in a logistic regression model.

All analyses were performed using IBM Statistical Package for

the Social Sciences (SPSS) Statistics version 24 (IBM Corp., Armonk,

NY, USA). We performed a logistic regression analysis with DAS

score from the second wave as a dichotomous dependent variable

(cut‐off DAS > 13) and included DAS sum score in the first wave as

one of the independent variables. We used the Wilcoxon signed‐
rank test for repeated measurements (FF1 and FF2) of dental anxiety

and psychological distress. Kruskal‐Wallis tests were used to com-

pare groups with changes in DAS score between waves (DAS FF1

and DAS FF2), on PE between waves (PE FF1‐PE FF2), and HSCL‐
10 scores at baseline. Chi‐squared tests and Mann‐Whitney U tests

were used to evaluate the impact of loss to follow‐up. Pairwise

exclusion was used for missing data; hence, the number of observa-

tions varies in the analyses.

3 | RESULTS

There were significant changes over the 2 years in DAS scores and

HSCL‐10. DAS scores significantly decreased from first (Md = 7.0)

to senior year (Md = 6.0) in high school, z = −2.81, P = 0.005. The

HSCL‐10 sum scores, however, significantly increased from first

(Md = 1.3) to senior year (Md = 1.4), z = −3.14, P = 0.002

(Table 1).

F IGURE 1 Flowchart, participation in Fit Future 1 & 2 in selected
adolescents with repeated measures of dental anxiety score
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To assess the predictive value of our measures on high dental

anxiety, we performed a logistic regression with DAS in FF2 (DAS

FF2) as a dichotomous dependent variable. The model contained

seven variables from the first wave: Sex, DAS scores, DMFS, HSCL‐
10, Avoidance, Self‐Motivation and Social Motivation. We chose not

to include the PE in the first wave due to the substantial correlation

(>0.7) with DAS score in the same wave, avoiding problems due to

multicollinearity. The full model was statistically significant, χ2 (7,

N = 609) = 187.35, P < 0.0001, indicating that the model was able

to distinguish between respondents who reported high and low den-

tal anxiety scores. The model explained 52% (Nagelkerke R squared)

of the variance in dental anxiety, and correctly classified 90.6% of

cases. The goodness of fit was satisfactory according to a Hosmer

and Lemeshow test (P > 0.17). Three of the independent variables

made a significant contribution to the model: DAS score in the first

wave, DMFS and HSCL‐10. The strongest predictor is HSCL‐10 with

an odds ratio of 2.03 (Table 2).

The calculation of change scores in DAS between the first and

second wave (Y1 [Sum score DAS in FF1] − Y2 [Sum score DAS in

FF2]) showed that 476 participants reported no change, 108

reported less dental anxiety and 78 reported more dental anxiety. In

order to test Hypothesis 1, a Kruskal‐Wallis test revealed a statisti-

cally significant difference in DMFS between these groups, χ2 (2,

n = 652) = 21.47, P < 0.001. The median DMFS score was lowest in

the group with no change in dental anxiety (Md = 3), while both

groups with changes in DAS scores recorded higher DMFS scores

(Md = 5). Concerning Hypothesis 2, a Kruskal‐Wallis test showed a

statistically significant difference in average HSCL‐10 scores in the

first wave between the groups, χ2 (2, n = 648) = 6.25, P = 0.044.

The median was lower among the participants experiencing no

change in DAS score (Md = 1.30) and higher in the groups where

changes were reported (both Md = 1.40). Hypothesis 3 was

supported as changes in PE followed dental anxiety scores: Partici-

pants who got more anxious had increased PE (PE levels increased

by Md = 2.00). Also, those feeling less anxious had decreased PE

(Md = −2.00), χ2 (2, n = 660) = 65.24, P < 0.001 (Figure 2).

In our study, we lost 30.5% of the participants to follow‐up. To
evaluate the possible bias on this account, we compared the baseline

information between those who participated in both waves and

dropouts with chi‐squared and Mann‐Whitney U tests on several

variables. Concerning variables related to this current study, there

was a statistically significant difference on Avoidance, PE, DMFS,

Sex, but not in DAS or HSCL‐10 score. Details are presented in a

separate Data S1.

4 | DISCUSSION

Dental Anxiety decreased significantly over 2 years, but the propor-

tion of youth categorized with high dental anxiety remained con-

stant. This implies that, from a clinical viewpoint in this population,

there was no reduction in the number of individuals assumed to

require adaptation of treatment and more professional resources due

to dental anxiety, in spite of an overall reduction of dental anxiety

scores. Experiencing high psychological distress, more caries experi-

ence and high dental anxiety scores in the first wave are important

predictors of high dental anxiety scores at the second wave, implying

that these particular factors are instrumental in sustaining dental

anxiety over time among youth. Interestingly, Psychological Distress

emerges as the strongest predictor, indicating that experiencing

TABLE 1 Changes in dental anxiety score and mental health
symptoms over 2 y

Total N Female N Male N

Dental anxiety

scale scoreb
Median

(IQRa)

Median

(IQRa)

Median

(IQRa)

FF1c 7.0 (5.0) 951 8.0 (6.0) 464 6.0 (4.0) 487

FF2d 6.0 (4.0)* 685 7.0 (6.0)

**

377 5.0 (3.0)

**

308

Average score Hopkins symptom checkliste

FF1c 1.3 (0.6) 952 1.4 (0.7) 465 1.2 (0.5) 487

FF2d 1.4 (0.8)* 684 1.5 (0.9)* 378 1.2 (0.6) 306

aThe interquartile range.
bCorah's Dental Anxiety Scale range from 4 to 20, high scores indicating

greater anxiety.
cThe Tromsø Study: Fit Futures 1 (2010/2011).
dThe Tromsø Study: Fit Futures 2 (2012/2013).
eHopkins symptom checklist has an average sum score range from 1 to

4, higher scores indicating higher psychological distress.

*Wilcoxon signed‐rank test P < 0.001.

**Wilcoxon signed‐rank test P < 0.05.

TABLE 2 Logistic regression with dental anxiety scale score in fit
future 2 (Sum DAS ≥ 13) as the dependent variable

Variablesa B SE Odds ratio (95% CI)

Sex −0.69 0.41 0.50 (0.22, 1.13)

Dental caries experience 0.058* 0.02 1.06 (1.02, 1.11)

DAS score FF1 0.44* 0.05 1.55 (1.4, 1.72)

HSCL‐10b 0.71* 0.28 2.03 (1.18, 3.49)

Avoidance 0.93 0.56 2.53 (0.84, 7.60)

Self‐motivation 0.242 0.35 1.27 (0.65, 2.51)

Social motivation 0.044 0.049 1.05 (0.95, 1.15)

Constant −8.66 1.24 0.00

χ2 187.35

df 7

aReference group for dichotomous variables was set to first (Sex: 0 = fe-

male; 1 = male. Avoidance: 0 = no, have not avoided going to the dentist

due to fear; 1 = yes, have avoided going to the dentist due to fear. Self‐
motivation: 0 = low self‐motivation concerning oral hygiene; 1 = high

self‐motivation. Social motivation: 0 = less feelings of embarrassment

concerning caries and less need for recognition concerning oral hygiene;

1 = higher concern about social opinions concerning caries and oral

hygiene). No one of the dichotomous variables had a significant impact

on this model.
bHopkins symptom checklist.

*P < 0.05.
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mental health symptoms might serve as a vulnerability factor among

young individuals relating to the development and continuation of

dental anxiety. Earlier findings relating to stressful life events and

mental health problems in adolescents have indicated that stressful

life events are linked to psychiatric morbidity through disruption of

the adaptive processing of emotion.34 This period of life is especially

relevant, considering the increase in psychopathology and exposure

for stressors,34 and the current findings support this notion with

regard to dental anxiety.

Also, Dental Caries Experiences was significantly higher in youth

experiencing changes in Dental Anxiety Scores irrespective of the

direction of change. The odds of having proximal caries lesions have

been found to be more than three times higher for subjects with

earlier caries experience in this population.35 Thus, the probability of

having a dental treatment need is higher among youth with previous

dental caries experiences. The Norwegian public dental health ser-

vices has a legal obligation to provide outreach dental care, with full

public coverage, for children under the age of 18.36 Accordingly, one

can assume that they have received dental treatment in the study

period.

The association between painful dental experiences and dental

anxiety is well documented,6 but this study also implies that

reduced estimates of pain at the dentist may decrease dental anxi-

ety. Estimates of pain may be reduced by a number of mechanisms

in the period covered by this study, for instance by actual experi-

ence with dental treatment or by indirect mechanisms such as

social learning processes37 (eg, peers, significant others) or biologi-

cal and/or cognitive change or maturity.38 Of these, however, only

the experiences with dental treatment can be easily and reliably

influenced by dental health professionals in a systematic manner.

Dental treatment received in a trustful relation to the dental staff,

and proper pain control in association with dental treatment,

should be of central importance in dental practice. The current

findings can serve to redefine dental treatment situations in young

individuals as not mere potential negative conditioning events,12

but as a “window of opportunity” where dental health professionals

have the opportunity to ensure a positive experience for young

patient (see Figure 3).

A high attendance rate at baseline probably provides a fair repre-

sentation of the young population, but the representativeness of the

participants at the second wave is compromised due to participants

lost to follow‐up. However, there was no significant difference in

Dental Anxiety Scores or Psychological Distress between these

groups at baseline.

Changes in dental anxiety in youth are most likely due to inter-

play between individual vulnerability and subjective experiences. In

this period of life, there is a potential for both reducing and increas-

ing dental anxiety, and estimations of pain at the dentist are central

to such changes.

F IGURE 2 Distribution of changes in
reported pain level at the dentist across
different changes in dental anxiety

F IGURE 3 Possible outcomes of dental caries experiences in
youth, a conceptual model
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Abstract
Background The objectives of the study were to describe the prevalence of high dental anxiety and the
possible associations between dental anxiety and potentially traumatic life events in an adult population.

Method The study is based on cross-sectional questionnaire data from the 7th wave of the Tromsø Study,
a study of the adult general population in the municipality of Tromsø carried out in 2015–2016. The
Modi�ed Dental Anxiety Scale was used to measure dental anxiety across potentially traumatic events,
oral health, dental attendance (avoidance) and current mental health symptoms (Hopkins Symptom
Checklist). Individuals with high and low dental anxiety scores were compared to investigate differences
in the distribution of potentially traumatic events, current mental health symptoms, avoidance, sex and
oral health, and hierarchical multivariable regression was used to study the in�uence of traumatic events
on dental anxiety.

Results High dental anxiety was reported by 2.9% of the sample and was most prevalent among women
and in the youngest age groups. Individuals with high dental anxiety reported more current mental health
symptoms, and they were more likely to report poorer oral health and more irregular dental visits
compared to individuals with no or lower dental anxiety scores. Concerning traumatic life events, the
reporting of painful or frightening dental treatment showed the biggest difference between those with
high dental anxiety and low dental anxiety scores (a moderate effect). The hierarchical regression model
indicated that reporting sexual abuse, traumatic medical treatment in hospital and childhood neglect
signi�cantly predicted dental anxiety in the step they were entered in, but only sexual abuse remained a
signi�cant individual contributor after controlling for current mental health symptoms.

Conclusions The prevalence of high dental anxiety was lower than expected (2.9%), but dentally anxious
individuals expressed a high burden of mental health symptoms, poor oral health and the avoidance of
dental care. The regression analysis indicated that experiences with sexual abuse can also affect dental
anxiety levels in the absence of generalised symptoms of anxiety and depression.

Background
Dental anxiety: prevalence, severity, aetiology

Individuals with high dental anxiety are often unable to utilise standard dental health services adequately
[1, 2]. As a consequence, dental professionals in general practice rarely encounter these patients, and
without specialised care, dentally anxious individuals will have more missing teeth and fewer �lled and
sound surfaces due to a lack of adequate dental treatment [3, 4]. High dental anxiety extends beyond the
aversive emotional response that interferes with dental treatment; it may include �ashbacks, nightmares,
intrusive images, di�culties sleeping, irritability and impaired concentration, even if dental treatment is
not imminent [5, 6]. Consequently, high dental anxiety often leads to reduced oral health-related quality of
life [7-10] and has demonstrated comorbidity with generalised anxiety and depression disorders [11, 12].
The prevalence of high dental anxiety among adults is reported to be between 3.9% and 15.5% [9, 11, 13-
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20], depending on the measurements used and cut-off levels. Dental anxiety levels are reported to be
higher among women and in younger age groups [13].

The aetiology of dental anxiety is likely multifactorial. Conditioning theories, focusing on the
development of a generalised fear response in the dental setting from previous painful and/or traumatic
dental treatments [21, 22], are generally accepted as central to the acquisition of high dental anxiety, but
are an inadequate explanation in many respects [23, 24]. The experience and processing of a potentially
traumatic or aversive event in a dental setting depend on many factors, including life history [25].
Nonetheless, pain is an important factor in conditioning experiences for developing and maintaining
dental anxiety [26-28]. Besides, dental anxiety is an important predictor for reporting and expecting pain
during dental treatment [29-32], implying that it might be more di�cult to achieve dental treatment
without pain in anxious individuals. A dentally anxious individual will both expect and report more pain
during dental experiences compared to a non-anxious individual [33].

Potentially traumatic events

Potentially traumatic events (PTEs) are highly stressful and threatening events, such as exposure to
violence, sexual abuse or neglect in childhood. Several studies have pointed to the negative impact of
adverse childhood experiences on multiple health outcomes [34, 35], and similar associations with the
development of oral disease may also be expected [36]. The brain reacts differently to traumatic events
depending on sex, age, the possession of particular genotypes, personality characteristics, coping
strategies, the nature of the trauma and the relationship to the perpetrator [22, 37]. In other words, the
emotional load from aversive life events and the nature and timing of them are important in terms of how
individuals respond and move forward after such events. Individuals with high dental anxiety have shown
trauma-related symptoms similar to those of people suffering from posttraumatic stress disorder (PTSD)
[5, 38]. Traumatic life events in�icted by others, like sexual or physical assault, are reported by 10% to
30% of the general population [39, 40]. These traumatic events, in particular, impact interpersonal
relationships and can have severe consequences for the mental health and interpersonal functioning of
the individuals that are affected [41].

PTEs and dental anxiety

There are limited population studies concerning dental anxiety and PTEs outside the dental setting, and
the evidence regarding whether or not there is an association in the general population is contradictory [5,
22, 42, 43]. However, studies on selected subgroups of the population indicate that victims of torture and
violence and sexually abused women have a higher prevalence of dental anxiety compared to the general
population [5, 44, 45]. Mental health symptoms are a measure of clinical importance with regard to the
long-term effects of PTEs and dental anxiety but have, to our knowledge, not been taken into
consideration when examining the association between traumatic events and dental anxiety. There are
several hypotheses as to how traumas outside the dental clinic can in�uence dental anxiety. Situations,
feelings and other cues from a traumatic experience in the past might be generalised to the dental
treatment situation, following a broader conditioning pattern through traumatic coupling [46]. Also, a
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dental treatment situation is intimate and can leave patients with a sense of a lack of control and
helplessness, which could potentially evoke reactions related to the past traumatic experience [5, 45]. A
history of abuse and neglect is associated with di�culties in interpersonal relationships, the increased
likelihood of depression and anxiety disorders and substance abuse [47, 48]. This burden might increase
such patients’ vulnerability to developing dental anxiety. It is possible to hypothesise that general anxiety
disorders might be extended to include anxiety towards dental treatment, or that potentially negative or
painful dental experiences have a larger impact when mental health is compromised [49]. In other words,
it could be the mental health symptoms that follow traumatic experiences that are central when it comes
to the development of dental anxiety. It is a reliable �nding that psychiatric disorders are associated with
dental anxiety and that symptoms of depression and anxiety are predictive of dental anxiety over time
[50]. Hence, symptoms of depression and anxiety could intermediate the association between traumatic
events and dental anxiety. Since a dental treatment situation is arguably a highly relational, intimate and
interpersonal circumstance [46], it comes as no surprise that dental experiences are inevitably coloured by
the interpersonal relationship between the dental caregiver and the recipient [51-54]. Regarding sexual
abuse, there is evidence indicating a more direct conditioning pattern. For instance, sexually abused
women that had experienced oral penetration as part of the abuse reported higher dental fear than
sexually abused women without experiences of oral penetration [45]. A recent qualitative study indicated
that dental anxiety in survivors of sexual abuse was trauma-driven, in which their anxiety reactions were
triggered by their traumatic abuse and not their negative dental experiences (traumatic coupling) [46].
Studies have indicated that the response to triggers is overwhelming to the point of blurring previous
memories of abuse and the current experiences in the dental chair [55]. Nonetheless, there is limited
research on how traumatic events involving interpersonal relationships in�uence dental anxiety in the
general population. Moreover, current mental health symptoms have not yet, to our knowledge, been
considered in research on dental anxiety and traumatic events.

The objectives of the present study are to investigate the associations between dental anxiety, oral health
and mental health symptoms, as well as the potential in�uence of different PTEs on dental anxiety in the
general population. The speci�c aims are as follows:

1. To describe the prevalence of high dental anxiety within a large population-based study of
individuals aged 40 and above in Northern Norway (the Tromsø 7 study).

2. To analyse the in�uence of PTEs on dental anxiety when controlling for sex, age, oral health, dental
attendance (avoidance) and current mental health symptoms.

3. To analyse the mediating effect of current mental health symptoms on the relationship between
potentially traumatic events and dental anxiety.

Method
Study population and design: The Tromsø Study
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The Tromsø Study [56] is a repeated population health survey. This study used data collected from the 7th

survey of the Tromsø Study, in which all adults registered in Tromsø municipality aged 40 or above were
invited to participate (32,591 in total). The registration and examination of participants took place from
2015 to 2016. In total, 21,083 residents (10,009 men and 11,074 women) took part in the study, which
resulted in a participation rate of 65%. The participants answered questionnaires about several different
health topics and received a physical health examination. In the present study, only the questionnaire
data were used. Detailed information on the questionnaires and study data are provided through the
Tromsø Study web resource [https://uit.no/research/tromsostudy] [57]. Every project in the Tromsø Study
is obliged to follow the EU's General Data Protection Regulation and the Personal Data Act (Norwegian
law). All participants gave informed consent. This present study only retrieved anonymised data. The
Regional Committee of Medical and Health Research Ethics (reference number 2018/1352/REK nord)
approved the present study in July 2018. It is con�rmed that all methods in the present study were carried
out in accordance with the stated guidelines and regulations. 

Measures

Age and education

Age was divided into 8 categories each spanning 5 years (40–44, 45–49, etc.), where the last age group
was 75 years old and above. Education was categorised into high (university or college) and low (primary
and secondary school).

Dental anxiety

Dental anxiety was measured using the Modi�ed Dental Anxiety Scale (MDAS) [14]. The MDAS is a �ve-
item scale, with response options ranging from “not anxious” to “extremely anxious”, yielding a score
from 5–25. This variable was dichotomised in the chi-square analysis with a recommended cut-off value
of 19 [15](55). The MDAS had a Cronbach’s alpha of 0.932 (N = 20,197) and a mean inter-item correlation
of 0.743.

Current mental health symptoms

The current mental health symptoms of the study participants were measured using the 10-item Hopkins
Symptom Checklist (HSCL-10), validated for use in epidemiological studies as an indicator of symptoms
of depression and anxiety during the last two weeks [58]. Each question is answered based on 4
responses, ranging from “not bothered” to “very bothered”, providing a score between 10 and 40. An
average score of 1.85 or higher on the HSCL-10 indicates symptoms of mental illness [58]. The
Cronbach’s alpha of the HSCL-10 was 0.866 (N = 19,824), and it had a mean inter-item correlation of
0.413.

Oral health
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Oral health was assessed with a single question: “How do you consider your oral health to be?” The
participants selected one out of �ve response options to this question: “excellent”, “good”, “neither good
nor bad”, “bad” or “very bad”. The scores were dichotomised in the bivariate analyses. Good (0) included
the responses “excellent” and “very good”, while bad (1) comprised “neither good nor bad”, “bad” and
“very bad”. In the hierarchical multivariable regression, the Likert format response was used as a
continuous variable, assuming that the distances between the answers were reasonably equal and
meaningful. Both visual inspection and the low values of skewness and kurtosis indicated that these
items could be treated as numerical. Also, the regression was run with the dichotomised variable, which
yielded the same result. 

Avoidance

Dental attendance patterns were measured by the item, “Do you go to the dentist regularly?”, where
participants could indicate their attendance patterns by choosing one of six alternatives: “at least once a
year”, “every year”, “every second year”, “less than once every two years”, “only for acute problems” and
“never”. This variable was dichotomised to indicate the avoidance of dental treatment, in which yes (0)
included the response alternatives “at least once a year”, “every year”, “every second year” and ”less than
once every two years”, and no (1) included the response alternatives “only for acute problems” and
“never”.

Potentially traumatic events (PTEs)

A list of eleven potentially traumatic life events was included in the Tromsø 7 Study with four response
options (no; yes, before the age of 18; yes, after the age of 18; yes, in the last year). In this study, events
were included that had the potential to affect interpersonal relationships: painful or threatening dental
treatment, painful or threatening medical treatment in hospital, childhood neglect, violence, sexual
assault, bullying or witnessing someone close being a victim of violence or sexual assault. The answers
were dichotomised into 0 = no and 1 = yes to avoid de�ated effect sizes after assuring that the direction
of the effects was the same regardless of the timing of the event.

Analyses

All the analyses were performed using IBM Statistical Package for the Social Sciences (SPSS) Statistics
version 26 (IBM Corp., Armonk, NY, USA). Chi-square tests for independence were used to explore the
relationship between the dichotomised MDAS and the independent variables used in the analysis.
Hierarchical multivariable regression was used to assess the ability of selected traumatic life events
(sexual abuse, violence, bullying, witness, childhood neglect, painful or threatening medical treatment at
the hospital) to predict levels of dental anxiety when controlling for sex, age, self-assessed oral health, the
avoidance of dental treatment and painful or threatening dental treatment. The demographic control
variables, sex and age, were entered in the �rst step, followed by the known predictors of dental anxiety
from the dental setting in the second step and all the traumatic life events listed above in the third step.
To assess how HSCL-10 in�uenced the model and the effect of the predictors on dental anxiety, it was
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entered in the �nal step. Preliminary analyses on the assumptions for linear regression indicated issues
with the normal distribution. When inspecting the outliers, all of them reported a higher dental anxiety
level than predicted by the model; however, they are a natural part of the population and were therefore
not removed or transformed for the current analysis. Hence, the distribution of the test statistics was
empirically derived through bootstrapping with 1,000 bootstrap samples. Simple mediation analyses
were performed using the PROCESS macro in SPSS [59]. Analysing the dataset with regard to missing
values disclosed that 2.4% of all the values were missing, 9.6% of all the subjects had incomplete data
and there were missing values in all but two variables (sex and age). The items that made up our variable
for measuring mental health symptoms (HSCL-10) had the most missing data (6%), followed by the
MDAS (4.2%), avoidance (2.3%) and oral health (2.0%). All the PTEs had the same number of missing
values (1.1%). The Little’s MCAR (Missing Completely At Random) test was signi�cant, which indicated
that data were not missing completely at random. To evaluate the impact of the missing data on the
continuous variables (HSCL-10, MDAS and oral health), the variables were compared with a version of
themselves where the missing values were replaced by the series mean using a paired sample t-test.
However, since the standard error of the difference was zero, it was not possible to perform any of these
analyses. A comparison with the original dataset and the dataset with imputation of missing data was
also performed, using both regression and expectation-maximisation techniques. The differences
between the variables in the two datasets were minimal and limited to deviations in the second decimal.
Finally, a regression analysis was performed by replacing the missing values with multiple imputations,
which yielded similar results as the analysis of the original data. The differences were limited to decimal
levels in the unstandardised regression coe�cient, and there were no differences in β when rounded up to
the �rst decimal place. Based on these �ndings, the analyses were performed on the original data without
any imputation with the pairwise exclusion of missing data.

Results
Almost half of the participants in this study reported higher education levels, and 30% had more than 4
years of university education. Over 94% of the participants speci�ed their nationality as Norwegian, 2.8%
as Sami and 1.9% as Kven, and 4.2% felt they belonged to another ethnicity. Most of the participants fell
in the second age group (45–49), which constituted 15.6% of the population under study. The age groups
with the least participants were the oldest (70–74 and 75+), representing 8.1% and 8.2% of the
population, respectively.

The mean sum score of the MDAS was 7.7, with a median of 6. The prevalence of highly anxious (MDAS 
≥ 19) participants in this study was 2.9%. The mean value of the MDAS among the highly anxious was
21.7, and the median was 21. Current psychological symptoms were indicated by 8.7% of the participants
(10.7% of the women compared to 6.5% of the men). The majority reported good oral health (54.9%), and
women scored their oral health a little higher than men, with 58.9% having good or excellent oral health
compared to 50.6% of the men. The avoidance of dental health services was reported by 10.2%, with
fewer avoiders being observed among women (7.8%) than among men (12.8%). Nearly a quarter of the
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population under study (23.8%) had experienced one or more traumatic and/or painful dental
experiences, with little difference between the sexes (females: 23.7%, males: 23.8%).

Associations of dental anxiety with age, education, income and oral health

Spearman’s correlation showed that dental anxiety scores signi�cantly declined with age; rs (n = 20,195) =
-0.25, p < 0.001, and comparing the youngest (MDAS; median = 7) and the oldest (MDAS; median = 5)
groups with a Mann-Whitney U test revealed a medium to large effect; U = 3476217, z = 226.92, p < 0.001,
r = 0.4. The proportions of highly anxious individuals were also signi�cantly higher in the younger age
groups (Fig. 1).

There was a minimal difference in dental anxiety scores across education levels, with differences in the
MDAS means being less than 0.4 (participants with a primary and/or an upper secondary education
reported a mean MDAS score of 7.6, and participants with a college or a university education reported a
mean MDAS score of 7.7). Dental anxiety levels varied somewhat but inconsistently across the different
groups of household income, but when dichotomising above and below the national median of
household income that year [60], the difference in dental anxiety means was insigni�cant (participants
both above and below the national median of household income had a mean MDAS of 7.68).

As shown in Table 1, chi-square tests for independence (with Yates’ continuity correction) indicated a
signi�cant difference in individuals with high and low dental anxiety scores and oral health. Dentally
anxious individuals were more inclined to report very bad oral health (71.7%) compared to individuals
with lower dental anxiety scores (11.9%). Furthermore, among the dentally anxious, 39.9% never went to
the dentist or only went for acute problems versus 9% among those with lower dental anxiety levels
(Table 1). There were also signi�cant associations between high or low dental anxiety scores between the
sexes and current mental health symptoms (Table 1). No signi�cant differences were found for dental
anxiety between different ethnicities. When repeating this analysis separately for the sexes, anxious men
reported signi�cantly poorer oral health (90.2% reported very bad oral health) compared to anxious
women (61.1% reported very bad oral health). More anxious (MDAS ≥ 19) women (69.6%) than anxious
men (41.2%) reported going to the dentist regularly.

Chi-square tests of independence were used to test the proportion of traumatic experiences in the high
and low dental anxiety groups and the strength of the associations between the two (Table 2). There were
signi�cant differences in dental anxiety for all the traumatic events, and the effect sizes were small and
highest for traumatic and/or painful dental experiences (phi = 0.18).

Predicting dental anxiety from PTEs
The results of this analysis are given in Tables 3a and 3b. The control variables entered in steps 1 and 2
in Table 3b explained most of the variance in dental anxiety (23.1%). In the �nal model, the only traumatic
life event entered in step 3 that remained a signi�cant contributor to the model was sexual abuse; B = 
0.220, SE = 0.086, β = 0.017, p = 0.011. All the control measures entered in the two �rst stages remained
statistically signi�cant (p < 0.001).
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As it is well known that experiencing traumatic events may increase the risk of mental health symptoms
[61, 62], and there is a relationship between mental health symptoms and dental anxiety [11, 63], the
mediating effect of mental health symptoms was investigated in three separate simple mediation
models. The predictor variables of sexual abuse, childhood neglect and traumatic medical treatment in
the hospital were tested with the HSCL-10 as the mediator and the MDAS as the outcome (Fig. 1). All the
other covariates from the regression model were included in these analyses. Mental health symptoms
mediated the effect of the three traumatic events investigated, but sexual abuse had a larger direct effect
on dental anxiety than an indirect one, hence the continued signi�cant effect in our hierarchical
regression model. The effects of childhood neglect and traumatic medical treatment were fully mediated
through current mental health symptoms (HSCL-10) (Fig. 2).

Discussion
To our knowledge, this is the �rst study to investigate the association between dental anxiety and PTEs
while considering mental health symptoms and self-reported oral health.

The present study investigated dental anxiety in the adult population (> 40 years old) in Tromsø and in
accordance with the stated objectives, this population expressed a lower prevalence of dental anxiety
than expected [9, 11, 13, 16, 64]; however, this study con�rmed previously reported associations between
dental anxiety and sex, age, dental attendance, previously traumatic or painful dental treatments and oral
health [13, 16, 20, 65].

This study also found that the following potentially traumatic events outside the dental setting had a
signi�cant impact on our hierarchical regression model at the stage they were entered: sexual abuse,
painful or scary medical treatment at the hospital and childhood neglect. Of these, only sexual abuse
remained a signi�cant predictor after controlling for current mental health symptoms. Furthermore, the
mediation analysis provided evidence that current mental health symptoms seem to mediate the effect of
traumatic or painful medical treatment in hospital, sexual abuse and neglect in childhood on dental
anxiety. However, sexual abuse was only partially mediated.

The results of this study indicate that reporting sexual abuse has a direct signi�cant in�uence on dental
anxiety in the general population. In other words, the experience of sexual abuse appears to impact dental
anxiety in individuals irrespective of whether the same individuals are experiencing generalised mental
health problems (e.g. depression, anxiety). This could point to sexual abuse experiences being somehow
directly conditional on dental anxiety [46], but also clari�es the lack of conscious awareness of the link
between sexual abuse and dental anxiety, which might be evident in some survivors of sexual abuse [45].
Evidence shows that many aspects of dental treatment can trigger memories and �ashbacks from sexual
abuse within the concept of trauma coupling [46, 54, 66]. Crossing lines of intimacy in the dental setting
can be di�cult in itself, but the oral cavity may have been violated directly, which could make the dental
setting even more challenging [45, 67]. Dental treatment requires touching the face and head of the
patient, inserting �ngers in the oral cavity, using water spray and rubber gloves and relying on the
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patient’s ability to keep their mouth open during certain procedures. Furthermore, being in a reclined
position with dental health professionals leaning over and intruding into one’s personal space can trigger
feelings associated with losing control and being trapped [67]. Remaining motionless, not having the
ability to speak and not seeing what the dentist is doing also may echo feelings of being violated all over
again [55, 66]. The dental personnel’s reassurances can also trigger memories since perpetrators often do
this as well as a means of justifying their actions or controlling the situation. This might include telling
victims to keep calm, that it will not hurt and that it will be over soon [68]. Survivors of sexual abuse have
reported persistent problems with dental treatment despite the processing and mental resolving of the
abuse in other aspects of their lives [55], which could indicate that exposure to the dental setting, with all
its triggers, is especially important for these individuals.

The regression analysis underlines the importance of traumatic dental treatment, oral health and the
avoidance of dental treatment as predictors of dental anxiety. However, it is worth noting that most of the
variance in dental anxiety is unaccounted for in this model, which points to the fact that there is more to
explaining variance in dental anxiety than the factors included in the current model. One aspect that was
not controlled for was personality factors, such as neuroticism, which are considered an important
predictor of health in general [69], and dental anxiety speci�cally [12, 63]. Another factor that was not
considered was oral health-related quality of life, which evidence shows is often impaired in dentally
anxious individuals [70]. Oral health affected by dental anxiety and subsequent avoidance behaviour may
affect the oral health-related quality of life and lead to social isolation and the presentation of symptoms
related to depression and general anxiety [71, 72]. Dental anxiety has a multifactorial aetiology; hence,
effect sizes for the single variables are not expected to be high. Identifying these variables is important,
but they must be considered as a part of a set of variables to be able to understand the clinical variations
in the population.

The avoidance of dental treatment is much more prevalent among anxious individuals compared to the
rest of the population. Still, 60% of the dentally anxious participants reported going regularly to the
dentist, and 89.8% of all the participants in this study reported a regular attendance pattern. This is higher
than the numbers reported in a population study including adults from the whole of Troms County, where
77.7% of the entire population under study reported similar regular attendance [73]. The private sector
provides the majority of dental care for the adult population in Norway without any public involvement
concerning the geographical distribution of dental clinics or fees for dental services. That could be
problematic with regard to the provision of equal health care, making accessibility and personal economy
more predictive of regular dental attendance than other factors [74]. Thus, the adult population in Tromsø,
a city with a high density of private clinics, will perhaps have better access to dental health care
compared to more rural areas. Also, individuals with a dental phobia who chose not to participate in this
study would probably be more inclined to use avoidance as a strategy than the phobic participants that
participated in this study, which would in�uence the reported attendance pattern. Note that the reporting
of regular dental treatment includes the option “less than once every two years”, an alternative that could
be considered to be more irregular.
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There is some controversy in terms of performing mediation analyses on cross-sectional data since the
order of occurrence of reported measures is unknown in an individual’s life. The HSCL-10 measures
current symptoms (the last two weeks), and it is reasonable to assume that traumatic life events most
likely happened sometime previous to the last two weeks in these types of studies. Similarly, the MDAS is
also a current measure, which makes it impossible to pinpoint the onset of dental anxiety in the past.
Even though the order of events can be stipulated or hypothesised, causal effects cannot be ascertained,
and the direction of correlation in the mediation analyses is probably, to some extent, bidirectional.
Current mental health symptoms might affect reported traumatic events [75], and high dental anxiety
could in�uence current mental health symptoms. Nevertheless, there is a well-documented link between
traumatic life events and mental health. Having experienced trauma increases the likelihood of
developing mental health disorders, like PTSD, depression and anxiety [76–79]. There is also convincing
evidence concerning the higher prevalence of psychological disorders among highly dentally anxious
individuals [23] and the role of psychological disorders in the maintenance of dental anxiety. It could be
argued that some traumatic life events might affect dental anxiety as a result of causing increased
vulnerability in an individual. That is, the psychological consequences of traumatic experiences might
increase susceptibility to dental anxiety and poorer oral health.

There was a low prevalence of highly anxious participants in this study compared to previous
investigations, as only 2.9% of the participants scored over the cut-off value of 19 for high dental anxiety.
This could be interpreted as a result of a continuous decline in dental anxiety in the adult population [13]
or re�ect differences in the measures used to classify high dental anxiety. Still, the possibility of issues
with the representativeness of individuals with high dental anxiety in the study population cannot be
ruled out, especially considering that some of the participants were to undergo a thorough clinical dental
examination. This could, to some extent, hinder recruitment among highly dentally anxious individuals
due to the avoidance behaviour that characterises the phobic disorder [80]. This is the obvious pitfall of
all population studies in the �eld. However, the questionnaire data used were collected independently of
the dental examination, so the dentally anxious could participate in the study while declining the oral
examination. Also, if considering the possible bias of representativeness, it can be inferred that the
associations in all the bivariate analyses are supported by the existing literature, and including a larger
portion of dentally anxious individuals would probably enhance rather than lower the effect sizes of the
correlations observed.

Self-reported measures without any clinical markers are problematic and can give rise to bias. Recall bias
is often an issue in epidemiological research, and the reporting of traumatic life events can be over- or
underreported due to such bias. This can affect the association between reported traumatic events and
health-related outcomes, here dental anxiety and current mental health symptoms. Studies have shown
that the effect of adverse childhood experiences is present in adult health, despite people not recalling or
failing to report such events [75, 81]. Adverse or traumatic life events can be useful and important to
individuals when they are trying to make sense of their health problems [81, 82]. Hence, traumatic events
could be more relevant to individuals that struggle with mental health problems, and traumatic dental
treatment experiences could be more accessible to individuals with dental anxiety. People that are in
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good health without current problems tend to “forgive and forget” adverse events in their past [83], adding
to the risk of underestimating the associations of interest.

Conclusion
The �ndings of this study show that survivors of sexual abuse can experience challenges in terms of
receiving dental treatment regardless of whether their history of sexual abuse affects their current mental
health status. Dental personnel should integrate this knowledge into their daily practices, recognise signs
of sexual abuse, avoid re-traumatisation and refer patients to specialists in the �eld.
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Tables

Table 1  The distribution of low and high dental anxiety in key variables

VariablE   n % low

dental

anxiety

% high

dental

anxiety

�2a phib

Sex    20197        

Female (0) 10583 52 66.6 47.63* -0.05

Male (1) 9614 48 33.4    

Total count     19614 583    

current mental

health symptoms

  19415        

HSCL < 1.84 17729 91.8 75.7 170.74* 0.09

HSCL ≥ 1.85 1686 8.2 24.3    

Total count     19197 562    

Avoidancec   20144        

Never, only for

acute problems (0)

3249 9.0 39.9 602.69* 0.17

Goes regularly (1) 16895 91 60.1    

Total count     19565 579    

ORAL HEALTHd            

Excellent (0)   88.1 28.3 323.69* 0.31

Very bad (1)   11.9 71.7    

Total count   3506 3393 113    

 



Page 20/24

Legend: Frequency of high (≥ 19) and low (< 19) dental anxiety scores (MDAS) according to

sex, mental health symptoms, dental attendance (avoidance) and oral health 

aYates’ correction for continuity; Chi-square test of independence

bPhi coefficient (effect size: 0.10 for small effect, 0.30 for medium effect, 0.50 for large effect

[Cohen’s criteria 1988])

cDo you go to the dentist/experience dental care regularly? 0 = no, never or only for acute

problems 1 = yes, often, yearly, every other year or less than once every two years

dComparing high and low evaluations of one’s own oral health

*p < 0.001

 

Table 2 The proportion of reported PTEs in the high and low dental anxiety groups

Trauma MDAS ≥ 19 MDAS < 19 �2a phib OR 95% CI

Any trauma 82.3 51.4 212.23* 0.10 4.4 3.54 –  5.44

Dental traumac 69.0 22.7 660.49* 0.18 7.6 6.32 – 9.04

Sexual abused 20.8 9.2 85.21* 0.07 2.6 2.09 – 3.16

Violencee 26.4 15.2 53.60* 0.05 2.0 1.66 – 2.42

Bullyingf 32.1 21.1 39.77* 0.05 1.8 1.48 – 2.11 

Witnessg 16.6 9.1 37.39* 0.04 2.0 1.60 – 2.50

Medical traumah 20.6 10.6 57.38* 0.05 2.2 1.78 – 2.69

Failure of carei 13.0 6.7 34.58* 0.04 2.1 1.64 – 2.69

Legend: The proportion of reported PTEs in the high and low dental anxiety groups and the

strength of the associations (odds ratios) between traumatic events and anxiety level

*p < 0.001

aYates’ correction for continuity; Chi-square tests of independence
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bPhi coefficient (effect size: 0.10 for small effect, 0.30 for medium effect, 0.50 for large effect

(Cohen’s criteria 1988))

cReceived painful or terrifying medical treatment at the dentist

dBeen exposed to sexual abuse, i.e. sexual actions against your will

eBeen exposed to violence (for example, hit, kicked, beaten, robbed or threatened with a

firearm)

fBeen called negative things, marginalised, threatened or bullied by schoolmates, fellow

students or coworkers over a long period of time

gWitnessed someone close to you being exposed to violence or sexual abuse

hReceived painful medical treatment when hospitalised due to sickness or serious injury

iFailure of care in childhood, i.e. not having received the necessities of food, clothing,

protection and care/love from parents/caregivers

Table 3a  Model summary of the hierarchical regression analysis with the MDAS as the

dependent variable

  ΔF(df1,df2) ΔR2

Model 1 646.68* (2,19012) 0.064

Model 2 1374.83* (3,19009) 0.167

Model 3 8.63* (6,19003)  0.002

Model 4 341.72* (1,19002) 0.014

 Legend: *p < 0.001

Table 3b Hierarchical regression with the MDAS as the dependent variable 
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    B SE Bi β Sig.i CI 95%i      

Lower           Upper         

Step 1 Constant 9.58 0.07   0.001 9.45 9.72

  Sex -1.08 0.05 -0.14 0.001 -1.18 -0.97

  Age -0.36 0.01 0.20 0.001 -0.38 -0.34

Step 2 Constant 11.38 0.14   0.001 11.10 11.67

  aOral health -0.67 0.03 -0.16 0.001 -0.73 -0.61

  bAvoidance 1.91 0.12 0.15 0.001 1.67 2.15

  cPain dentist 2.55 0.07 0.30 0.001 2.4 2.67

Step 3 Constant 11.20 0.15   0.001 10.91 11.49

  dNeglect 0.23 0.11 0.02 0.042iii 0.01 0.45

  eViolence 0.01 0.08 0.00 0.881 -0.15 0.17

  fSexual abuse 0.38 0.10 0.03 0.001 0.19 0.58

  gBullying 0.09 0.07 0.01 0.215 -0.05 0.22

  hWitness 0.09 0.10 0.01 0.391 -0.12 0.28

  iHospital pain 0.21 0.09 0.02 0.025iii 0.04 0.41

Step 4 Constant 9.36 0.18   0.001 8.98 9.73

  jHSCL-10 1.25 0.09 0.13 0.001 1.09 1.42

Legend:

iConfidence intervals (CI) and standard errors (SE) are based on 1000 bias-corrected and

accelerated bootstrap samples

iiStandardised coefficients

iiiLost their significant contribution in the last model (see figure on mediation)

aSelf-reported oral health (Likert format)

bAvoidance: 0 = goes regularly to the dentist, 1 = never goes or only for acute dental pain

cReceived painful or terrifying medical treatment at the dentist
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dFailure of care in childhood, i.e. not having received the necessities of food, clothing,

protection and care/love from parents/caregivers

eBeen exposed to violence (for example, hit, kicked, beaten, robbed or threatened with a

firearm)

fBeen exposed to sexual abuse, i.e. sexual actions against your will

gBeen called negative things, marginalised, threatened or bullied by schoolmates, fellow

students or coworkers over a long period of time

hWitnessed someone close to you being exposed to violence or sexual abuse

iReceived painful medical treatment when hospitalised due to sickness or serious injury

jHopkins Symptom Checklist: current mental health symptoms

 

Figures

Figure 1
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Prevalence of high dental anxiety (MDAS ≥ 19) by age group

Figure 2

Mediation analyses. Analyses of how the HSCL-10 mediates the effect of three potential traumatic life
events on dental anxiety scores using the PROCESS macro in SPSS. The �gure contains three analyses
that are distinguished through both colour coding and the use of bold and italic text formatting. All events
are mediated through the HSCL-10, but only sexual abuse continues to have a signi�cant direct effect on
dental anxiety when accounting for the effect of mediation through the HSCL-10.
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