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Abstract 

Title: Effectiveness of children experiencing nitrous oxide/oxygen inhalation 

sedation at an assessment visit before having treatment. 

Background: Dental anxiety is a common problem, affecting people of all 

ages, but predominantly children and adolescents. Inhalation sedation (IHS) 

using nitrous oxide/oxygen (N2O/O2) mixture is a pharmacological behaviour 

management technique that is widely used to manage dental anxiety in 

children. It is suggested that the use of an acclimatisation would increase the 

acceptability and the efficacy of N2O/O2 success. Even though the 

introductory appointment has been widely proposed, there have not been 

any studies conducted to measure the effectiveness of this appointment in 

improving the success of N2O/O2 sedation in children.  

Aims: This study aimed to investigate the effect of experience of nitrous 

oxide/oxygen sedation at assessment prior to dental inhalation sedation on 

children’s anxiety. 

Methods: The study was a parallel randomised non blinded control clinical 

trial. Children aged five to fifteen years who were seen at the Leeds Dental 

Institute for dental treatment under inhalation sedation were recruited on the 

assessment appointment (1st visit). Both two groups received an 

assessment appointment, however participants of the study group tried on 

the mask and the nitrous oxide/oxygen sedation while the ones of the control 

group tried on the mask without the nitrous oxide/oxygen sedation. Following 

the assessment appointment, both groups received a second appointment 

for treatment. Dental anxiety was measured through two different methods. 

Primarily through the MCDASf questionnaire, which was completed once at 

the beginning of the assessment visit and twice at the beginning and end of 

the treatment visit. Secondarily anxiety was measured though the E4 

wristband which participants of both groups wore throughout both 

appointments and recorded their Heart Rate (HR) and Skin Temperature 

(ST). At the end of the treatment visit, participants and their parents/legal 

guardians were asked to complete a feedback questionnaire related to the 

E4 wristband and the experience of N2O/O2 sedation at the assessment visit. 
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Results: Twenty participants were included in the analysis. The control and 

study groups consisted of 9 and 11 participants respectively with a mean 

age of 10.35 years. There was no statistically significant difference in the 

difference of the MCDASf score from the first to the second visit between the 

two groups. Therefore, our null hypothesis was not rejected. No statistically 

significant differences were found on children’s dental anxiety levels before 

and after the treatment session, on the level of acceptance and completion 

of treatment and on children’s physiological changes between the 

assessment to the treatment visit between the groups. There were 

statistically significant reductions of the dental anxiety score of the control 

group and behavioural score of the study group between the two visits. 

There was also a minor increase of the mean heart rate of the study group 

from the assessment to the treatment visit. 

Conclusion: There was no significant difference in the level of dental 

anxiety between the children that experience N2O/O2 sedation at the 

assessment visit with those children that do not and therefore the the null 

hypothesis, was accepted. 
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Chapter 1 Literature Review 

1.1 Definitions of fear, anxiety and phobia 

Dental anxiety is described in the literature as a common problem, affecting 

people of all ages, but predominantly children and adolescents (Locker et al., 

1999; Locker et al., 2001; Tickle et al., 2009). Dental anxiety, dental fear and 

dental phobia are words which are commonly used in the literature 

interchangeably, however there are some important differences (Kleinhauz et 

al., 1986). Dental fear is outlined as an unpleasant emotional reaction to one 

or more specific threatening stimuli within the dental situation and is 

considered as normal (Klingberg and Broberg, 2007). Dental anxiety is 

described as a state of apprehension that something dreadful is going to 

happen in relation to dental treatment (Klingberg and Broberg, 2007). Dental 

phobia is defined as a persistent and excessive fear of dental stimuli and 

procedures and is regarded as a mental disorder usually resulting in 

avoidance or substantial emotional distress (Armfield et al., 2013). In the 

Diagnostic and Statistical Manual of Mental Disorders (DSM) 5, dental phobia 

is classified as a specific-phobia and, more precisely, under the blood-

injection-injury (BII) phobia type (American Psychiatric Association, 2013). 

However, the above classification has been called into question because of 

several distinctions between those with dental phobias and other BII phobias 

(Seligman et al., 2017). Dental fear is considered as developmentally 

appropriate in young children. However, when the above normal fear 

transforms to dental anxiety or dental phobia, the resulting avoidance may 

have a negative effect on a child's health status (Seligman et al., 2017). 

1.2 Types of anxiety 

Anxiety is frequently categorised as being either state (acute) anxiety or trait 

(chronic) anxiety (Spielberger, 1972). State anxiety represents the 

psychological and physiological temporary reactions which are paired with 

unpleasant situations in a specific time. In contrast, the term trait anxiety 

refers to a personality trait, describing individual differences related to a 

tendency to present state anxiety. Trait anxiety is, therefore, relatively stable 
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over time (Vagg et al., 1980). Dental anxiety is regarded as a form of state 

anxiety as it develops due to the procedure of dental treatment and is related 

with negative expectations. 

1.3 Aetiology of dental anxiety 

The aetiology of dental anxiety is regarded as multifactorial and is still not 

completely understood (Townend et al., 2000; Klinberg, 2008). Perception of 

a painful previous dental treatment (Taani, 2001) is related to the 

development of dental anxiety and is regarded as one of the main factors. 

Osternick et al., (2008) and Humphris and King (2011), similarly concluded 

that previous unpleasant experiences within the dental setting are 

significantly associated with the development of dental anxiety. Specific 

dental stimuli have been found to be more fear provoking for young dental 

anxious patients, including the sight, sensation and fear of pain from the 

needle and dental drill (Rantavuori et al., 2004; Taani et al., 2005). 

It has been well documented that negative attitudes in the family 

environment (Cohen et al., 1982) seem to increase the anxiety and 

specifically, parental dental fear has a strong correlation with that of the child 

(Arnrup et al., 2002; Klingberg et al., 2007). The above applies to children 

who are eight years of age or younger since in children older than eight 

years, the relationship is less clear (Themessl-Huber et al., 2010). 

Rachman (1977) proposed that fears are developed through one or a 

combination of the following learning pathways: direct conditioning, vicarious 

learning, and negative information.  

Direct conditioning: Direct conditioning is a principal contributing factor of 

dental anxiety. More specifically, the development of dental anxiety through 

the mechanism of direct conditioning is regarded as the aetiology in 68% of 

dentally anxious patients (Berggren et al., 1984). 

According to the theory of conditioning by Pavlov, a conditioned stimulus 

(e.g., the sound of a dental drill) is paired with an unconditioned stimulus 

(e.g., pain) (Davey, 1989) resulting in the person showing a conditioned 

response (i.e. anxiety), when confronted with a similar sound (Oosternik et 
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al., 2009). In simple terms unharmful things are connected with those that 

have caused the pain (De-Jongh et al., 1995). However, several 

investigators have found that several adults who have severe fears or 

phobias cannot recall any certain learning incident (McNally and Steketee, 

1985; Menzies and Clarke, 1995) and many individuals with a history of 

traumatic experiences do not appear to have any anxiety disorders (Poulton 

and Menzies, 2002). 

Vicarious learning: This process describes how feelings of anxiety are 

acquired through observation of family members, peers and role models 

displaying anxious behaviours (Hofmann et al., 2008). Vicarious learning has 

been claimed as the cause of dental anxiety in 12% of dentally anxious 

patients (Ost and Hugdhal, 1985). 

Negative information: This process describes the development of fear from 

situations and objects that have not been personally experienced due to 

negative information about a stimulus (Field et al., 2001). More specifically, 

negative information may increase beliefs about the danger posed by a 

particular stimulus leading to a fear reaction during a future interaction with 

the stimulus (Muris et al., 2003). However not all individuals with high levels 

of dental anxiety report previous unpleasant dental experiences (De jong et 

al., 2006). 

1.4 Anxiety characteristics 

Several studies have indicated that there are differences in the 

characteristics between dentally anxious and non-anxious people (Armfield 

et al., 2006). There is conflicting evidence in the literature regarding the 

effect of gender in the development of dental anxiety. Peretz and Efrat 

(2000) who examined dental anxiety among young adolescent patients 

concluded that girls were more anxious than boys while Buchanan and 

Niven (2002) did not find any significant differences between them.  

Furthermore, the relationship between anxiety and socio-economic status 

has been examined. Moore et al. (1993) concluded that both low education 

and low income appear to increase the risk for moderate dental anxiety; 

however these variables were not significantly related to higher dental 
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anxiety. Armfield et al. (2006) conducted a study to assess the relationship 

between the previously mentioned variables and the prevalence of dental 

fear. The results indicated that the prevalence of dental fear was higher in 

women and in people of low socioeconomic status. Research has also 

shown that younger individuals are more prone to experiencing dental 

anxiety than middle-aged and elderly adults (Schuller et al., 2003; Armfield 

et al., 2007). 

1.5 Prevalence of dental anxiety 

Dental Anxiety is a public health problem affecting a significant percentage 

of the population. Multiple studies have been conducted worldwide to 

measure the prevalence of dental anxiety across diverse cultures. In fact, 

the prevalence rate estimates of dental anxiety vary considerably from 4% to 

30 % in different populations and studies (Milica et al., 2015). The variability 

is attributed to differences in examination methods for dental anxiety 

(Armfield, 2010) and the threshold anxiety score (cut off) in addition to the 

influence of the surrounding environmental (Folayan et al., 2004) and 

cultural factors (Paryab et al., 2010) among the sample populations.  

1.5.1 Prevalence of anxiety in adults 

Dental anxiety is prevalent in Britain, with 1 in 10 individuals being highly 

dentally anxious (McGrath and Bedi, 2004). Locker et al. (1999) estimated 

the prevalence of dental anxiety in a group of young people in Dunedin (New 

Zealand) to be 16.4 % while 12.5% of their sample of 18-year old’s reported 

moderate to severe dental anxiety (Locker et al., 2001). A similar figure of 

16.1% was reported in Australia including reports of high anxiety from both 

children and adults (Armfield et al., 2006). In Germany the prevalence of 

dental treatment fear is estimated at 11% (Enkling et al., 2006) just a bit 

higher than Norway where the estimation is 10% (Armfield, 2013).  Several 

studies have reported a decrease of fear and anxiety with increasing age 

while other studies have not established correlation between age and 

anxiety (Holtzman et al., 1997; Hmud and Walsh, 2009). 
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1.5.2 Prevalence of anxiety in children 

Estimates of childhood dental anxiety have been found to vary from 3 to 43 

% in different populations worldwide (Folayan et al., 2004).  Dental anxiety is 

regarded as being common with an estimated prevalence between 6% and 

20% in children aged 4 to 18 years old (Klingberg et al., 2007). Just under 

50% of children report low to moderate general dental anxiety and between 

10% and 20% report high levels of dental anxiety (e.g., dental phobia) (Taani 

et al., 2005; Dogan et al., 2009). Investigations in The Netherlands and 

Scotland found similar results with 6% (ten Berge et al., 2002) and 7.1% 

(Bedi et al., 1992) of youth respectively, reporting high dental anxiety. The 

figure of dental anxiety in USA was reported at 10.5% by Morgan et al. 1980. 

1.6 Anxiety measurements 

There are no clear accepted diagnostic criteria available which outline what 

is a normal or abnormal level of fear experienced in dental settings (Prins, 

1994). 

Anxiety can be measured with three different methods: 

1. “Behavioural assessment”, in which both the emotional and 

behavioural reactions of the patient during treatment are assessed by 

the dental team or independent researchers. 

2. “Psychometric assessment”, in which the children or parents complete 

a questionnaire (usually prior to the treatments) indicative of the anxiety 

levels concerning a variety of dental situations. This method is the most 

commonly used for the assessment of dental fear and anxiety during 

childhood and adolescence (Porrit et al., 2013). 

3. “Physiological response analysis”, in which variable parameters that 

are associated with increased anxiety are measured, including salivary 

cortisol levels (Porrit et al., 2013), patients’ muscle tension when sitting 

in the dental chair (Holtzman et al., 1997) and pulse rate. An increased 

pulse rate indicates an increase in adrenergic activity caused by 

anxiety (Benjiamins, 1995).  
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1.6.1 Psychometric assessment 

1.6.1.1 Children`s Fear Survey Schedule (CFSS) and Dental 

Subscale of the Children`s Fear Survey Schedule (CFSS-DS) 

The Children`s Fear Survey Schedule (CFSS) consists of 80 items on a five-

point Likert-scale. The Dental Subscale of the Children`s Fear Survey 

Schedule (CFSS-DS) was later developed which is a shorter version 

consisting of 15 items, each scored from 1 (not afraid) to 5 (very afraid). 

Scores over 38 are suggestive of severe dental fear (Newton and Buck, 

2000) whilst scores below 32 are regarded as non-clinical fear (Versloot et 

al., 2008).  

1.6.1.2 Corah`s Dental Anxiety Survey (CDAS) and Modified 

Dental Anxiety Survey (MDAS) 

In 1969, Corah developed the Corah’s Dental Anxiety Survey (CDAS) - a 

four-item scale. It measures patients’ reactions within four different dental 

treatment settings: before attending the dental surgery, waiting in the 

dentists’ office, sitting in the dental chair and undergoing treatment. Each 

question has five possible answers assessed on a scale from 1 to 5.  1 

indicates no anxiety whereas 5 indicates the maximum level of anxiety. 

Therefore, the CDAS score can range from 4 (no anxiety) to 20 (extreme 

high anxiety) (Corah, 1969). CDAS is a very popular research tool for 

measuring dental anxiety in adults worldwide. It is highly reliable and can be 

efficiently completed in the clinical setting in less than five minutes (Guinot et 

al., 2011). However, it does not assess anxiety related to local or general 

anaesthesia, or inhalation sedation (Wong et al., 1998). Since the CDAS 

was developed mainly for use in the adult population, the design of the 

CDAS may not be suitable for children (Porritt et al., 2013).  

The MDAS is the modified version of CDAS which has an extra question 

regarding local anaesthetic, due to the fact that injection is an anxiety 

provoking stimulus for many individuals. The MDAS also includes 

modifications in the answer options to reflect anxiety in a clearer order. The 

total score is the sum of all 5 items which ranges from 5 to 25. Nineteen and 

above is the cut-off value that indicates a high level of anxiety (Humphris et 
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al., 1995). Although the MDAS did address some of the issues with the DAS, 

it was still developed using adult subjects. 

1.6.1.3 Modified Child Dental Anxiety Scale (MCDAS) and faces 

version of the Modified Child Dental Anxiety Scale (MCDASf) 

MCDAS has been developed by Wong and Humphris based on the concept 

of CDAS (Wong and Humphris, 1998). The MCDAS is an eight-item scale; 

seven items ask about a child's anxiety in specific situations related to 

visiting the dentist (e.g., “having your teeth looked at,” “having a tooth taken 

out,” “being put to sleep to have treatment”, “ having a “gas-air” mixture 

given to you that will make you feel comfortable, but will not make you sleep 

for treatment”), while one item asks about overall feelings about going to the 

dentist (“going to the dentist generally”) (Wong et al., 1998). The scale has a 

good test-retest reliability and internal consistency (0.84) (Howard and 

Freeman, 2007). It has been effectively used in children aged eight years 

and older (Howard and Freeman, 2007; Buchanan, 2010). 

Howard and Freeman (2007) further modified the MCDAS by adding 5 

smiley faces (MCDASf) to make it suitable for younger children and children 

with cognitive disabilities (Howard and Freeman, 2007). The faces version of 

the MCDAS has been tested in a series of studies of younger children 

between five and ten years of age (Howard and Freeman, 2007). Compared 

to the 15-item CFSS-DS, the MCDASf has the advantage of being shorter 

and therefore faster to complete (Howard and Freeman, 2007). 

1.6.1.4 Venham picture test (VPT) 

The Venham picture test (VPT) was developed in 1977 and consists of eight 

pairs of pictures each of which shows two pictures portraying opposite 

feelings (Sonnenberg and Venham, 1977).  It is usually employed for very 

young children, in order to avoid the need for extensive oral communication 

(Buchanan and Niven, 2002). The final score is the total of the number of 

times the child selects the high-fear stimulus (the minimum score is zero 

whereas the maximum is eight). The VPT has shown many advantages 

when used in research; it is simple, quick to use and suitable for use with 

children 2-8 years of age (Foster and Park, 2012). However, it does not 

effectively differentiate between anxious and non-anxious children since no 
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parameters were set to indicate high levels of anxiety (Buchanan and Niven, 

2002). 

1.6.1.5 Smiley Faces Program (SFP) 

The Smiley Faces Program is a 4-item computerised scale consisting of 

different face expressions which aim to describe the child’s response to a 

variety of dental interventions. At first, a face which is neutral is presented to 

the child followed by the appearance of questions on the screen which last 

for a few seconds during which the child is asked to replace the neutral face 

with one of seven faces that best describes how they feel about the dental 

item in question. Even though this method has shown good reliability it is 

limited by the need for access to computer equipment (Howard and 

Freeman, 2007). 

1.6.1.6 Facial Image Scale (FIS) 

The FIS comprises of a row of five “genderless” faces, ranging from very 

unhappy’ to ‘very happy’ and numbered from 1 to 5. Children are told to 

select which face they feel represents them at that particular moment. It may 

be used as a measure by itself, or combined with other measures (Porritt et 

al., 2013). This measure is suitable for young children and those with limited 

cognitive development (Porritt et al., 2013). The scale is considered simple 

and easy to use and takes a short time to be completed (Olumide et al., 

2009). It is proven more suitable for very young children around three years 

of age who lack the cognitive ability to understand and complete written or 

verbal questionnaires and gives an immediate indication about child anxiety 

(Buchanan and Niven, 2002).  

1.6.2 Physiological response to anxiety  

The physiological data that are used for stress monitoring are considered 

responses of the human autonomous nervous system (ANS) (Carlson 1998). 

The ANS consists of two components: the parasympathetic nervous system, 

which controls involuntary resting functions (e.g., activation of this system 

slows heart rate), and the sympathetic nervous system, which increases in 

involuntary processes (e.g., heart rate and respiration) (Kemeny 2003). The 

Autonomic Nervous System response to stress, known as the fight or flight 
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response, involves the activation of the sympathetic branches and inhibition 

parasympathetic ones. In other words, there is shunting of blood away from 

the non-essential organs to essential organs for flight, such as the brain, 

heart and muscles. This results in the decrease of peripheral skin 

temperatures and the increase of pulse and respiratory rates. 

1.6.2.1 Anxiety and Heart Rate 

During a period of anxiety, physical and autonomic changes occur. 

Therefore, it is reasonable to assume that measuring the function of the 

autonomic nervous system is a useful tool for measuring psychological 

states (Shinba et al., 2008). The activation of the sympathetic system 

increases the heart rate and cardiac contractibility (Franchini and Cowley 

2011). Heart rate (HR) is a measure of the number of beats per minute. 

Anxiety is associated with an increased HR (Noteboom et al., 2001). 

1.6.2.2 Anxiety and Skin Temperature 

 Skin temperature (ST) refers to the temperature measured on the surface of 

the human skin (Taj eldin et al., 2018). When individuals experience anxiety, 

their sympathetic nervous system is activated. Blood volume is shifted away 

from digestive organs and skin toward larger skeletal muscles. Since blood 

moves away from the peripheral surfaces, the skin temperature is lowered 

(Wardell and Engebretson 2001).  

1.6.2.3 E4 wristband to measure physiological parameters 

Empatica E4 wristband (Empatica, Milan, Italy) 

(https://www.empatica.com/research/e4/) (Figure 1) is a wrist-worn wireless 

multi-sensor devise capable of measuring parameters such as electrodermal 

activity (EDA), heart rate, motion-based activity, and skin temperature over 

time. The wristband includes an EDA sensor, a photoplethysmograph (PPG) 

for the heart rate, 3-axis accelerometer for movements, and an optical 

infrared thermometer for detecting the skin temperature (Cabibihan et al., 

2016). The E4 wristband is a CE marked medical device and is intended for 

research (Regalia et al., 2019). It has been used in several studies and has 

shown high validity (McCarthy et al., 2016; Ollander et al., 2016; Onorati et 

al., 2017; Rudovic et al., 2018; Siirtola et al., 2018;). 

https://www.empatica.com/research/e4/
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Figure 1 E4 wristband-Empatica, reproduced with permission 

1.7 Anxiety complications 

Research has shown that there is an association between childhood dental 

anxiety and an increased number of decayed and extracted teeth, episodes 

of toothache and symptomatic attendance, and lower oral health-related 

quality of life (Wogelius et al., 2005; Nuttall et al., 2008; Luoto et al., 2009). 

Clinicians’ stress is also increased while treating anxious patients (Moore 

and Brodsgaard, 2001) along with the duration of the treatments and 

inevitably the costs (Rafique et al. 2008). Dental anxiety is strongly 

associated with behaviour management problems (Klingberg et al., 1995; 

Wogelius et al., 2003; Kyritsi et al., 2009; Gustafsson et al., 2010; Salem et 

al., 2012).  

1.8 Children’s behaviour clinical classification 

Children can be classified into four categories according to their behaviour 

(Welbury et al., 2018): 

1. Cooperative children. 

2. Potentially cooperative children that may manage simple procedures, 

but more complicated operations may be beyond their coping ability. 

3. Pre-cooperative children that lack cooperative ability but may 

potentially cooperate later after reaching a higher level of maturation. 

4. Uncooperative children who cannot cope with any procedure due to 

their high anxiety levels. 
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For children who are cooperative or potentially cooperative, non-

pharmacological methods of behaviour management may be a suitable 

method of anxiety control; however, pre-cooperative and uncooperative 

children require a different approach, which may include conscious sedation 

or general anaesthesia in order to reduce anxiety and facilitate the delivery 

of dental treatment (Welbury et al., 2018). 

1.9 Conscious sedation 

The General Dental Council (GDC, 1997) and the Royal College of 

Anaesthetists (RCA) have both encouraged the use of conscious sedation 

as a safe alternative to general anaesthesia for dental care. Conscious 

sedation is regarded as a viable and cost-effective alternative to general 

anaesthesia for children requiring extractions, especially orthodontic 

extractions (Holroyd, 2008) while in a review conducted by Lyratzopoulos 

and Blain, it was reported that morbidity associated with inhalation sedation 

is minor and infrequent when compared to general anaesthesia 

(Lyratzopoulos and Blain, 2003). 

In the UK, according to the report of the Intercollegiate Advisory Committee 

for Sedation in Dentistry in 2015, conscious sedation is defined as: ”a 

technique in which the use of a drug or drugs produces a state of depression 

of the central nervous system enabling treatment to be carried out, but 

during which verbal contact with the patient is maintained throughout the 

period of sedation. The drugs and techniques used to provide conscious 

sedation for dental treatment should carry a margin of safety wide enough to 

render loss of consciousness unlikely.” Furthermore “The level of sedation 

must be such that the patient remains conscious, retains protective reflexes, 

and is able to understand and to respond to verbal commands” (GDC 1997), 

“either alone or accompanied by a light tactile stimulus” (SDCEP 2017). In 

any case where these criteria are not fulfilled and a state of ‘deep sedation’ 

occurs, this must be considered as a case of general anaesthesia (GDC 

1997). 
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The routes of administration of sedative drugs used in clinical paediatric 

dentistry are oral, inhalation, intravenous (IV), and trans-mucosal (e.g. nasal, 

rectal, and sublingual) (Welbury et al., 2018). The standard techniques of 

conscious sedation in the UK are inhalation sedation, using nitrous oxide 

and oxygen and IV sedation with a single benzodiazepine drug, usually 

midazolam. Both are considered effective and adequate for the majority of 

patients (BDA 2011). Where conscious sedation is indicated it should be 

regarded as an adjunct to, rather than a substitute for, good behaviour 

management techniques (BDA 2011). 

1.10 Inhalation sedation 

Inhalation sedation (IHS) with a mixture of nitrous oxide and oxygen is the 

first choice for young patients who are unable to tolerate dental treatment 

with local anaesthesia alone and who have a sufficient ability to 

communicate (SDCEP 2017). The technique uses sub-anaesthetic 

concentrations of nitrous oxide delivered with oxygen in a titratable dose 

from dedicated equipment via a nasal mask (Holroyd, 2008). It’s ease of 

administration, wide margin of safety, analgesic and anxiolytic effects in 

combination with its rapid reversibility, have rendered it an ideal drug, very 

suitable for use in children (Paterson and Tahmassebi, 2003; Houpt, 2004). 

The American Academy of Paediatric Dentistry (AAPD) also recognises 

nitrous oxide/oxygen inhalation as a safe and effective technique to reduce 

anxiety, produce analgesia, and enhance effective communication between 

a patient and health care provider. 

1.10.1 Pharmacology of nitrous oxide  

Nitrous Oxide (N2O) is a colourless, virtually odourless gas with a faintly 

sweet smell and is slightly heavier than air with a specific gravity of 1.53 

(Girdler and Hill, 1998; Paterson and Tahmassebi, 2003; Becker and 

Rosenberg, 2008). On inhalation of N2O, it has a rapid uptake in the lungs as 

it is quickly absorbed from the alveoli and is held in a simple solution in the 

blood serum. The alveolar concentration rapidly approaches the inspired 

concentration. The relative insolubility of the N2O in the alveoli results in its 

passage to the low-pressure gradient areas of the body such as Central 
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Nervous System (CNS) (Clark and Brunick, 2008). The low tissue solubility 

and high minimum alveolar concentration (MAC), with a value more than one 

atmosphere, enable rapid onset of action coupled with a rapid recovery. 

Once N2O is no longer being inhaled, N2O within the Central Nervous 

System (CNS) will rapidly pass down the gradient into the bloodstream and 

out of the body via the lungs while a very small amount is eliminated in body 

fluids (Paterson and Tahmassebi, 2003). The administration of 100% 

Oxygen (O2) to the patient for 3-5 minutes once the N2O has finished is 

recommended due to the risk of diffusion hypoxia, since N2O is more soluble 

in blood than nitrogen (Paterson and Tahmassebi, 2003). 

1.10.2 Mechanism of action 

Nitrous oxide is a mild sedative agent that causes CNS depression and 

euphoria. It has a very slight effect on the respiratory system and the 

protective reflexes of the airway. The cardiac output is minimally depressed 

whilst peripheral resistance is slightly increased, thus maintaining the blood 

pressure (Paterson and Tahmassebi, 2003). Nitrous oxide has several 

mechanisms of action. The analgesic effect of N2O appears to be initiated by 

stimulated neuronal release of endogenous opioid peptides, with subsequent 

activation of opioid receptors and descending gamma-amino-butyric acid 

(GABA) and noradrenergic pathways that modify nociceptive processing at 

the spinal level (Emmanouil et al., 2007). When administered before intraoral 

injections in dentistry, N2O has the ability of elevate the patient’s pain 

threshold (Malamed, 2018). However, the degree of analgesia is quite 

variable from patient to patient and therefore cannot be relied on to provide 

all of the pain control required for a procedure (Paterson and Tahmassebi, 

2003; Malamed, 2009). The anxiolytic effect involves activation of the GABA 

receptors either directly or indirectly through the benzodiazepine binding 

sites (Emmanouil et al., 2007). 

1.10.3 Advantages of nitrous oxide/oxygen inhalation 

technique 

The nitrous oxide/oxygen inhalation technique is a non-invasive technique 

(Paterson and Tahmassebi, 2003) with the most rapid onset of action of all 

sedation techniques (Paterson and Tahmassebi, 2003; Malamed, 2018).  
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Usually two to three minutes are required for the development of clinical 

action (Paterson and Tahmassebi, 2003; Malamed, 2018). The recovery 

time from inhalation sedation is also very rapid and is the most complete of 

any pharmaco-sedation technique, achieved within five minutes (Paterson 

and Tahmassebi, 2003; Malamed, 2018). Adult patients may usually be 

discharged from the dental surgery alone, with no cautions about activities 

(Malamed, 2018). The IHS technique is based on the titration of the drug, 

which is the ability to administer small, incremental doses of a drug until a 

desired clinical action is obtained. The depth of sedation achieved with 

inhalation sedation may be altered from moment to moment, permitting the 

drug administrator to increase or decrease the depth of sedation easily. The 

degree of control represents a significant safety feature of inhalation 

sedation while it is the only sedation technique that enables such a degree 

of control over the clinical actions of the drug being used (Paterson and 

Tahmassebi, 2003; Malamed, 2018). Furthermore, the drug administrator is 

capable of controlling the duration of action and therefore the planned 

procedure may be of any length (Malamed, 2018). This is an important 

advantage over sedation techniques with a relatively fixed duration of clinical 

activity which the dental treatment must be tailored to meet (Malamed, 

2018). Whereas peak clinical effect does not develop in most techniques for 

a considerable time, inhalation and IV drug administration do provide peak 

clinical actions in a time span permitting titration. For the IV route, the time-

to-peak effect varies with the drug administration ranging from one minute to 

approximately 20 minutes. On the other hand, the inhalation route has a 

three to five minute peak action (Malamed, 2018). The drugs used in this 

technique have no adverse effects on the liver, kidneys, brain, or 

cardiovascular and respiratory systems (Hosey, 2002; Malamed, 2018). N2O 

IHS causes minimal impairment of any reflexes, thus protecting the cough 

reflex (Paterson and Tahmassebi, 2003) and very few side effects have 

been associated with the use of nitrous oxide, therefore IHS with this agent 

is regarded as a safe technique (Malamed, 2018). N2O does appear to 

provide analgesic properties when given in the usual sedative 

concentrations (Hosey, 2002; Malamed, 2009). Certain procedures, such as 

those involving soft tissues (e.g. scaling), may be performed in many 
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instances without using local anaesthesia (Paterson and Tahmassebi, 2003; 

Malamed, 2018). No injections are required for the administration of the 

drug, although local anaesthesia is still necessary for most dental 

procedures (Paterson and Tahmassebi, 2003; Malamed, 2018). This is 

particularly important for needle phobic patients (Paterson and Tahmassebi, 

2003).  

1.10.4 Disadvantages of nitrous oxide/oxygen inhalation 

technique 

Nitrous oxide as an inhalation agent appears to have lack of potency 

(Paterson and Tahmassebi, 2003; Malamed, 2018) and is associated with 

concerns about nitrous oxide pollution and potential occupational health 

exposure hazards (Paterson and Tahmassebi, 2003). The IHS technique 

depends significantly on psychological reassurance (Paterson and 

Tahmassebi, 2003). Patients must be able to breathe through the nose and 

must be willing to accept the nasal hood (Paterson and Tahmassebi, 2003; 

Malamed, 2018). The interference of the nasal hood with an injection to 

anterior maxillary region has also been reported as a disadvantage of the 

above technique (Paterson and Tahmassebi, 2003). 

1.10.5 Adverse effects 

Acute and chronic adverse effects of nitrous oxide for the patient are rare 

(Donaldson and Meechan, 1995). The most common adverse effects, which 

occur in 0.5-1.2 percent of patients, are nausea and vomiting (Kupietzky et 

al., 2008; Galeotti et al., 2016). The incidence can be increased by a high 

concentration of N2O, long duration of sedation, fluctuations in nitrous oxide 

levels and a heavy meal prior to administration of nitrous oxide (Paterson 

and Tahmassebi, 2003; Malamed, 2018; AAPD, 2018). Fasting is not 

required for children undergoing inhalation sedation using nitrous oxide, but 

dentists might recommend that a light meal only is consumed in the two 

hours prior to the appointment (Hosey, 2002). Diffusion hypoxia can occur 

because of decreased oxygen saturation levels in the blood caused by the 

rapid elimination of N2O on its termination (Clark and Brunick, 2008). This 

may lead to headache, disorientation, and nausea and can be prevented by 
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delivering 100% oxygen postoperatively for 3-5 minutes (Clark and Brunick, 

2008).  

1.11 The use of acclimatisation in increasing 

effectiveness of IHS. 

Patient assessment must include a full medical and dental history (Hosey, 

2002). Fitness for conscious sedation must also be assessed and usually 

the classification system introduced by the American Society of 

Anaesthesiologists (ASA) is implemented for this purpose. 

Only patients who are ASA Class I or Class II may be considered candidates 

for conscious sedation as outpatients. Patients in ASA Class III and Class IV 

represent special problems and require individual consideration and should 

be treated in a hospital environment, involving the assistance of medical 

support where appropriate (Paterson and Tahmassebi, 2003; Hosey, 2002). 

Pre-operative assessment has been suggested to be undertaken on a 

separate day from that of the proposed treatment (Patterson and 

Tahmassebi, 2003; RCA, 2015; SDCEP, 2017; Malamed, 2018;) and rather 

than starting the sedation at the first dental visit, many clinicians suggest an 

acclimatisation/familarisation visit (Patterson and Tahmassebi, 2003; 

Malamed, 2018) and that a form of psychological preparation may be 

required (RCA 2015). Therefore, it has been suggested that a short 

appointment for familarisation and acclimatisation with the technique and the 

procedure should take place before the actual treatment appointment. At this 

appointment the dentist can demonstrate and explain N2O/O2 equipment as 

well as answer a patient’s questions or concerns related to the upcoming 

treatment. Furthermore, the operator may try applying the N2O/O2 sedation 

but without performing any treatment or only minimal treatment is carried out 

such as fissure sealants.  

There is controversy regarding the use of acclimatisation visits for dental 

sedation treatment pathways for children and there have not been any 

studies to evaluate the effect of acclimatisation on child anxiety and success 

of completion of treatment under inhalation sedation. It has been suggested 

that the extra visit may add to the cost and delay treatment. 
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1.12 Rationale for this study  

Even though the introductory appointment has been widely proposed, there 

have not been any studies conducted to measure the effectiveness of this 

appointment in improving the success of N2O/O2 sedation in children.  Such 

a study would allow the generation of guidelines. The only evidence-based 

resource that recommended the use of introductory visit was produced by 

SDCEP in 2017. They issued the following statement: “A brief trial of nitrous 

oxide/oxygen at the assessment appointment may be helpful for the 

psychological preparation of some children”. However, specific evidence to 

support this statement was unclear. Therefore, at the present time, the 

recommendations are based on expert opinion and are not evidence based. 

1.13 Aim 

To assess the effect of experience of N2O/O2 sedation at assessment, prior 

to dental IHS on children’s anxiety. 

1.14 Null hypothesis 

There are no differences in children’s anxiety scores between the children that 

experience N2O/O2 sedation at the assessment visit with those children that 

do not. 

1.15 Outcome measures 

1.15.1 Primary outcome 

Effect of experience of N2O/O2 sedation at the assessment visit measured by 

the dental anxiety score difference between the beginning of the assessment 

visit (baseline) and the beginning of the treatment visit. 

1.15.2 Secondary outcomes 

1. Completion of treatment. 

2. Level of acceptance of treatment. 
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3. Difference in the child dental anxiety level before and after the 

treatment session. 

4. Physiological changes from the assessment to the treatment visit. 

5. Patient experience. 
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Chapter 2 Materials and Methods 

2.1. Introduction 

The study was a parallel randomised non blinded control clinical trial. Ethical 

approval was obtained from the Northwest - Greater Manchester East 

Research Ethics Committee (REC reference number20/NW/0157) (Appendix 

A). Appropriate approval from the Leeds Research and Innovation 

Department was also granted so that the research could take place at the 

Leeds Teaching Hospital Trust (R&I No: DT20/136112). 

Patients were recruited at the Leeds Dental Institute on the assessment 

appointment (1st visit). On the assessment day, information sheets 

(Appendix B, C, D) and the procedures were explained in detail to parents 

and children in simplified language and questions were answered as well as 

informed consent/assent (Appendix E, F) was explained and the forms 

signed by those who met the eligibility criteria. All the above procedures 

were performed by the Lead Researcher. 

Both groups received an assessment appointment. Patients who had been 

randomly assigned to the study group tried on the mask with N2O/O2 

sedation while those assigned to the control group tried on the mask with O2 

only. Following the assessment appointment, both groups received a second 

appointment for treatment. The clinician for both assessment and first 

treatment session was the same for all participants of both groups and was 

the Lead Researcher. 

The MCDASf questionnaire (Appendix G) was completed by participants at 

the beginning of the assessment visit to measure their anxiety. Participants 

wore the E4 wristband throughout this appointment which recorded their 

heart rate and skin temperature (Appendix I).  

At the beginning of the treatment visit the MCDASf was completed again 

both at the beginning and at the end of the visit. Patients also wore the E4 

wristband throughout this appointment. At the end of the treatment visit, the 

participants and their parents/legal guardians were asked to complete a 

feedback questionnaire (Appendix J, K, L, M) related to the E4 wristband 

and the experience of N2O/O2 sedation at the assessment visit.  
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The research took place in a side surgery of the Sedation Unit in the Leeds 

Dental Institute. Demographic data such as age, gender, behavioural score 

and if the treatment was completed, were collected from the patient's dental 

notes (Appendix H). Each stage will now be considered in detail. 
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2.2. Study flow chart 
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2.3. Sample size 

Statistical advice was sought for the sample size calculation. According to 

the pilot study design we aimed for 30 participants in each group (Lancaster 

et al., 2004) therefore 60 participants in total were recommended to be 

enrolled in this study. To account for an estimated 10% loss from first to 

second visit, we planned to enrol 68 participants in total. 

2.4. Eligibility criteria for participants and groups 

The potential participants were identified from the inhalation sedation waiting 

list. Potential participants received information sheets (age tailored) about 

the study through the post, with the first assessment appointment for IHS 

sedation, at least two weeks before the sedation assessment visit. On the 

assessment day, information sheets were provided as well as an explanation 

of the procedures to both children and parents/legal guardians and any 

queries or questions were answered. The informed consent/assent was also 

explained and forms were signed by those who meet the eligibility criteria 

and agreed to take party in the study. The parent or legal guardian was 

asked to sign a consent form while children completed an assent form. For 

patients who did not meet the eligibility criteria or did not want to participate 

in the study, a regular appointment for sedation and treatment was given.  

2.4.1 Inclusion Criteria: 

• Patients attending the Sedation Unit for dental treatment under inhalation 

sedation. 

• Children aged 5 to 15 years. 

• ASA Class I or II. 

• First time having inhalation sedation. 

2.4.2 Exclusion Criteria: 

• Participants who refuse to wear the mask. 

• Language barriers where no interpreter was available 

• Parents/Carer who refused to sign consent or children who did not assent. 
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2.4.3 Control and Study groups: 

Participants assigned to the study group received assessment with 

experience of N2O/O2 sedation. Participants assigned to the control group 

received assessment without experience N2O/O2 sedation and they tried the 

mask with O2 only. 

2.5. Patient and Public Involvement 

Development of the research question and outcome measures were 

informed by patients’ priorities, experience, and preferences. Before the 

study was started, a survey on the preference for the use of N2O/O2 sedation 

at an assessment visit assessment prior to the treatment visit was carried 

out, with 10 children (5 boys and 5 girls), aged 5-15 years after the end of 

one of their treatment visits. We discussed the randomisation with the 

children and their parents to see if they would be happy to be randomised to 

either receiving the sedation or oxygen only at the assessment visit. As part 

of the above survey, we also asked children how they would feel completing 

an MCDASf (anxiety form) and showed them the E4 watch and placed it on 

their wrists and asked them if they would be happy to wear the watch 

throughout the treatment. The questionnaires were explained and answered 

by the children and their parents. 

Nine out of ten children and their parents reported that they would agree to 

take part in the study, and they would be happy to be randomised. One 13 

year-old girl mentioned that she would not agree to take part because she 

would not like to be randomised as she would prefer to try on the mask and 

the relaxation gas at the first appointment to see how it felt like before the 

treatment. Her mother agreed. All the children stated that they would be 

happy to complete the MCDASf form. The completion of the form on the 

assessment visit had already been implemented in the Sedation Unit at 

Leeds Dental Institute. Therefore, patients were already familiar with the 

form. 

Nine out of the ten children tried the E4 watch for 5 minutes and said that it 

was comfortable and could wear it throughout each appointment. One 9 year 
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old boy did not want to try the wristband. The E4 watch was disinfected with 

antibacterial wipes in between the patients for cross infection control. 

As far as the questionnaire was concerned, following patients’ feedback, 

smiley faces were added underneath each answer and the last question was 

modified from “Is it a good idea to try on the nose piece and the magic gas 

on the first visit or not” to “Is it a good idea to try on the nose piece and the 

magic gas before treatment on the first visit or not”.  

2.6. Informed consent and assent 

Parents or legal guardians were asked by the Lead researcher who had 

been trained and had comprehensive knowledge about the study, to sign a 

written consent form (Appendix E) before enrolling their child into the 

research. Consent was only asked from the parent/legal guardian after 

confirming that they fully comprehended the intentions of the research and 

had considered all possible consequences of their child’s involvement in the 

research. An age-appropriate information sheet (Appendix C,D) and assent 

(Appendix F) form were given to the participating child. Participants had the 

chance to ask for more details.  

2.7. Randomisation: method and procedure 

After recruitment was completed, eligible participants were assigned 

randomly to either having an assessment visit with experience of N2O/O2 

sedation or an assessment visit with experience of O2 only before the 

treatment session. After the explanation of the information sheets and the 

procedures and the signing of the consent form, patients who agreed to take 

part were randomised. The randomisation was performed by an external 

independent person using an online random number generator 

(Random.org) where 0 accounted for control group (assessment without 

experience of N2O/O2 sedation) and 1 for study group (assessment with 

experience of N2O/O2 sedation). The generated list was kept by the Lead 

Researcher. Following the sequence of the list, patients were randomly 

allocated to one of the two groups according to their appointment sequence. 
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2.8. Assessment visit: 

2.8.1 Study group 

Participants that were assigned to the study group tried the mask with 

N2O/O2 inhalation sedation on the assessment visit. Prophylaxis was 

performed on that visit. The MCDASf was completed at the beginning of the 

visit. The participants wore the E4 wristband throughout the appointment. 

2.8.2 Control group  

Participants that were assigned to the control group tried the mask with O2 

only. Prophylaxis was performed on that visit. The MCDASf was completed 

at the beginning of the visit. The participants wore the E4 wristband 

throughout the appointment. 

2.9. Treatment visit: 

On the treatment visit, for both groups, treatment was performed under 

N2O/O2 IHS. The MCDASf was completed at the beginning and at the end of 

the visit. The participants wore the E4 wristband throughout the 

appointment. The feedback questionnaire was completed by the participants 

(Appendix J,K) and their legal guardians (Appendix L,M) at the end of the 

appointment. 

Each participant was given a battery charged toothbrush at the end of the 

treatment session as a modest acknowledgement of their time and any 

inconvenience associated with the study. 

2.10. Inhalation sedation technique 

The unit in which the sedation took place is shown in Figure 2. Apart from 

the Lead researcher, a dental nurse assisted with the dental treatment on 

every appointment. A specially trained sedation nurse was responsible for 

the monitoring during sedation. The Porter Brown inhalation sedation 

machine (RA Services, Keighly, W. Yorkshire, UK) was used. Once the 

appropriate nasal hood was selected, 100% O2 was introduced for 1-2 

minutes. Following that, the level of N2O was increased in 10% increments 

until signs of sedation were observed. The endpoint was between 30–40% 
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nitrous oxide. For the participants of the study group, the same percentage 

was used in both visits. 

 

Figure 2 Sedation unit 

2.11. E4 wristband data 

After each appointment, the acquired data were uploaded by the Lead 

Researcher to the Empatica cloud by first plugging the E4 wristband into the 

University computer via USB. The Empatica Manager, which is a desktop 

memory sync program, operates automatically as soon as the user has 

logged in and connected the E4 wristband. Data upload is secure and does 

not include any personally identifying information. Following that, the 

sessions that were associated to the Lead Researcher account were 

accessed and reviewed through the Empatica Connect web platform. Data 

from each session were visualised and downloaded in timestamped Comma 

Separated Values (CSV) format. 

2.12. Primary outcome 

• Effect of experience of N2O/O2 sedation at the assessment visit 

measured by the dental anxiety score difference between the beginning 

of the assessment visit (baseline) and the beginning of the treatment 

visit. 
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The MCDASf (Figure 3) was used to assess the dental anxiety scores at the 

beginning of the assessment visit (baseline score) and at the beginning of 

the treatment visit. The two recorded scores were compared. Children above 

the age of eight years completed the questionnaire without assistance while 

for younger children, the questions were read out and the children pointed to 

the appropriate face on the scale to indicate their level of anxiety as 

recommended by Howard and Freeman, 2007.  

 

Figure 3 Faces version of the Modified Child Dental Anxiety Scale 

2.13. Secondary outcomes 

2.13.1 Completion of treatment 

At the end of the first treatment visit whether the treatment was completed or 

not was recorded. 

2.13.2 Level of acceptance of treatment 

The level of acceptance of treatment was measured using the Houpt 

Behaviour Rating Scale. At the end of each session, an overall evaluation of 

the child’s behaviour was made according to the Houpt rating scale (Table 

1). These ratings were performed by the Lead researcher. 
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Table 1 Houpt overall behaviour rating scale 

Score Description 

1 Aborted: No treatment rendered 

2 Poor: Treatment interrupted, only partially completed 

3 Fair: Treatment interrupted but eventually completed 

4 Good: Difficult but all treatment was preformed 

5 Very good: Some limited crying or movement 

6 Excellent: No crying or movement 

 

2.13.3 Differences in child dental anxiety levels before and 

after the treatment session. 

The Lead Researcher assessed the dental anxiety level before and after the 

treatment session using the MCDASf questionnaire. 

2.13.4 Physiological changes from the assessment visit to 

the treatment visit. 

The physiological changes were measured in real time by the commercially 

available Empatica E4 wristband (Empatica, Milan, Italy). Patients of both 

groups wore the E4 wristband during both assessment and treatment visit. 

The E4 was placed on the participants’ wrists once they had sat on the 

dental chair and was removed at the end of the appointment. It was placed 

on the non-dominant hand. It was disinfected between the participants. 

The data was stored in the internal memory of the E4 wristband. For the 

data to be accessed, they must first be downloaded via USB connection in a 

desktop application which is called “Empatica Manager”. Following that, data 

is uploaded to the Empatica cloud platform and can be accessed through the 

“Empatica Connect” web application. Data upload is secure and does not 

include personally identifying information, in compliance with the European 

Health Insurance Portability and Accountability Act requirements (Garbarino 

et al., 2014). The E4 Realtime Application is also available for the phone, 

from where data can be streamed, viewed, and automatically uploaded to 

the Empatica Connect account after the end of the streaming session. 
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From the Empatica Connect data, which is organised by sessions that have 

a start time and duration, can be visualised, downloaded, and then deleted. 

Data is downloaded in the form of a Comma Separated Values (CSV) file, 

which is a plain text file that contains a list of data (Garbarino et al., 2014). 

Figure 4 is an example of a produced HR CSV file which contains the HR 

measurements.  

 

Figure 4 Heart rate CSV file 

The first row is the initial time of the session expressed as unix timestamp in 

UTC. The second row corresponds to the sampling rate which is 1 Hz 

meaning that the provided values in the file are 1 sec apart from each other. 

The HR values begin at the third row and continue in the rest of the rows. 

The data from temperature sensor were expressed in degrees on the 

Celsius (°C) scale (sampled at 4 Hz) on a similar spreadsheet like the HR. 

To compare the physiological measurements between the assessment and 

the treatment visits, two methods were used. Αt first, we made a direct 

comparison of the mean HR and ST between the two visits. Vieluf et al., 

(2020) also used the mean values of HR and ST obtained from the E4 

wristband to record the changes in the ANS in the setting of epileptic 

seizures. Vieluf et al., (2020) indicated that simple mean signal values may 

be insufficient. Therefore, we added an additional measurement which is the 

comparison of the difference between the baseline and highest HR value 
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between the two visits. Regarding the ST, the difference between the 

baseline and lowest ST value was compared between the two visits. The 

baseline was set at 5 minutes according to Milstein and Gordon (2020) 

research.  

2.13.5 Patient experience. 

Feedback about the experience of N2O/O2 sedation at the assessment and 

the comfort of the E4 wristband was obtained from the study participants 

after the treatment session using a questionnaire (Appendix J,K) which was 

developed prior to the start of the study. The questionnaire also included 

some questions addressed to the parents/caregivers (Appendix L,M). 

 
  



- 44 - 

Chapter 3 Results 

3.1. Sociodemographic characteristics 

The initial sample consisted of 23 children, of which 11 were assigned to the 

control group and 12 to the study group. Of these, three (two from the 

control group and one from the study group) were excluded due to technical 

problems with the E4 wristband and one boy completed his treatment on the 

second appointment without IHS. As such, 20 children – 9 in the control and 

11 in the study group– were included in the present analysis (Figure 5).  
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Assessed for eligibility (n=25 children) 

 
Excluded (n=2): Declined to participate  

Randomised (n=23) 

Allocated to control group (n=11) 

• Received allocated intervention (n=11) 

Allocated to study group (n=12) 

• Received allocated intervention 
(n=12) 

 

Allocation 

Completed assessment visit (n=11) Completed assessment visit (n=12) 1st visit 

Completed treatment visit (n=10) 

Excluded (n=1) 

• Child came with a blocked nose and 
managed to complete treatment without 
IHS. 

Completed treatment visit (n=12) 2nd  visit 

Analysed (n=9) 

Excluded from analysis (n=1) 

• Child accidently pressed the 
ON/OFF button on the E4 
wristband, and it stopped 
recording. 

Analysed (n=11) 

Excluded from analysis (n=1) 

• The charging case of the 
E4 wristband was forgotten 
in situ, therefore it 
produced wrong 
recordings. 

Analysis 

Figure 5 Study recruitment flow-chart 
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Participant sociodemographic characteristics are presented overall and by 

group in Table 2. The mean (SD) age of participants was 10.35 (2.41) years 

and there was no statistically significant difference between the study and 

control group (10.55 and 10.11 respectively, p-value=0.7). The minimum age 

was six years and the maximum, 15 years (figure 6). 

There were slightly more boys than girls in the sample (n=11 or 55%) (figure 

7). There were slightly less boys in the study group than in the control group 

(n=5 or 54.5% vs n=6 or 55.6%). Due to small sample size, Fisher’s exact 

test was performed to compare the gender disparity between study and 

control group, and the gender was shown to be balanced between the two 

groups. 

Table 2 Sociodemographic characteristics of participating children. 

Sociodemographics 

 

Overall 

sample (N=20) 

Study group 

(N=11) 

Control group 

(N=9) 

p-value* 

Age, mean (SD) 

 

10.35 (2.412) 10.55 (2.464) 10.11 (2.472) 0.700 

Gender (boys), n (%) 

 

11 (55%) 5 (54.5%) 6 (55.6%) 0.550 

*Independent samples t-test to examine whether there was any difference in age between groups. 

**Fisher’s exact test for the comparison of gender between groups.  

 

 

Figure 6 Frequency of age 

Age frequency of both groups 
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Figure 7 Gender count 

3.2. Effect of experiencing N2O/O2 sedation vs not 

experiencing sedation at the assessment visit on 

children’s dental anxiety 

Dental anxiety was assessed using the MCDASf questionnaire at three time 

points as follows: 

▪ MCDASf 1: MCDASf score at the beginning of the assessment visit 

(baseline) 

▪ MCDASf 2-1: MCDASf score at the beginning of the treatment visit (1st 

follow-up) 

▪ MCDASf 2-2: MCDASf score at the end of the treatment visit (2nd follow-

up) 

As shown in Table 3, the mean (SD) MCDASf score was 21.55 (2.585) for 

the study group and 21.33 (2.398) for the control group at baseline and this 

reduced to 19.18 (7.922) and 14.11 (3.756) respectively at the end of the 

second visit. In general, children in the control group had the same mean 

MCDASf scores as children in the study group during all assessments. There 

were no statistically significant differences in MCDASf scores between 

groups at any assessment.  

Gender count of both groups 
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Table 3 Dental anxiety of children, as measured by the MCDASf score, 
at each of the three assessments. 

MCDASf,  

 

Overall 

sample 

(N=20), 

mean (SD) 

Study 

group 

(N=11), 

mean 

(SD) 

Control 

group 

(N=9), 

mean 

(SD) 

p-

value  

(T-

test)* 

Study 

group, 

median 

(IQR) 

Control 

group, 

median 

(IQR) 

p-value 

(Mann-

Whitney)** 

MCDASf 1 

 

21.55 

(2.585) 

21.73 

(2.832) 

21.33 

(2.398) 

0.744 22.00 

(4) 

21.00 

(4) 

0.701 

MCDASf 2-1 

 

19.55 

(3.316) 

20.36 

(3.802) 

18.56 

(2.455) 

0.235 20.00 

(5) 

18.00 

(4) 

0.319 

MCDASf 2-2 

 

16.90 

(6.758) 

19.18 

(7.922) 

14.11 

(3.756) 

0.096 19.00 

(8) 

15.00 

(3) 

0.134 

*Independent samples t-test and **Mann-Whitney test to examine whether there was any difference 

MCDASf scores between groups during each assessment. 

Table 4 presents the changes in MCDASf scores across assessments in 

each group, along with the comparisons of these changes between groups. 

There were statistically significant reductions in the changes in MCDASf 

scores across measurements in the control group. However, none of the 

between-group differences in the changes of MCDASf scores was 

statistically significant.  
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Table 4 Changes in MCDASf scores across assessments in each group 
and the comparisons of these changes between groups. 

 Study group (Ν=11) 

 

Control group (N=9)  Between groups comparison 

MCDASf 

change 

Mean (SD) p-

value* 

(T-

test) 

p-

value* 

(Wilcox

on) 

Mean 

(SD) 

p-value* 

(T-test) 

p-value* 

(Wilcoxon

) 

Mean 

(SE) 

Differenc

e in 

change 

 

p-

value 

(T-

test)** 

p-value 

(Mann-

Whitney)*

* 

MCDASf 

1 – 

MCDASf 

2-1 

 

1.364 

(3.075) 
0.172 0.183 

2.778 

(2.489) 
0.010 0.020 

-1.414 

(1.272) 
0.281 0.280 

MCDASf 

2-1 – 

MCDASf

2-2 

 

1.182 

(7.181) 
0.597 0.154 

4.444 

(4.216) 
0.013 0.021 

-3.263 

(2.717) 
0.245 0.285 

MCDASf

1 – 

MCDASf

2-2 

 

2.546 

(8.017) 
0.317 0.074 

7.222 

(5.118) 
0.003 0.013 

-4.677 

(3.093) 
0.148 0.128 

*Paired t-tests (or Wilcoxon sign rank tests) in each group to examine whether each score change 

was significant between measurements 

**Independent samples’ t-test (or Mann-Whitney test) to examine whether the difference in each score 

change between groups was significant. 
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Figure 8 Change in MCDASf scores for each individual during the three 
assessment points in the study group 

 

 

 

Figure 9 Change in MCDASf scores for each individual during the three 
assessment points in the control group 

 

Group: Study (N2O) 

Group: Control (O2) 
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Figure 10 Overall change in MCDASf scores between control and study 
groups over the three assessment points 

3.3. Differences in children’s dental anxiety levels 

before and after the treatment session 

As shown in Table 4 above, the mean (SD) change in MCDASf scores 

between the beginning and the end of the treatment visit for the study group 

was 1.182 (7.181). It was not statistically significant (paired t-test p-

value=0.597 and Wilcoxon p-value=0.154). The respective mean (SD) 

change for the control group was 4.444 (4.216) and it was statistically 

significant (paired t-test p-value=0.0.13 and Wilcoxon p-value=0.021). The 

mean difference of this change between the study group versus the control 

group was -3.263 (2.717) and it was not statistically significant (t-test p-

value=0.245 and Mann-Whitney p-value=0.285). 

3.4. Children’s acceptance of treatment 

Treatment acceptance was examined using the Houpt anxiety score criteria 

at the assessment visit (Houpt 1) and at the treatment visit (Houpt 2). As 

shown in Table 5, the mean (SD) Houpt score was 6 (0) in both groups at 

the assessment visit. At the treatment visit the Houpt score reduced to 4.91 

(1.3) in the study and 5.44 (1.13) in the control group but this difference 

between groups was not statistically significant (t-test and Mann-Whitney 

test p-value=0.345 and 0.242 respectively). 

MCDASf scores change for both groups 
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Table 5 Treatment acceptance, as assessed by the Houpt criteria, at the 
assessment and the treatment visit. 

Houpt, 

mean (SD) 

 

Overall 

sample 

(N=20) 

Study 

group 

(N=11) 

Control 

group 

(N=9) 

p-value  

(T-test)* 

p-value 

(Mann-

Whitney)** 

Houpt1 

 

6.000 (0) 6.000 (0) 6.000 (0) - - 

Houpt2 

 

5.15 

(1.226) 

4.91 

(1.300) 

5.44 

(1.130) 

0.345 0.242 

*Independent samples t-test and **Mann-Whitney test to examine whether there was any difference 

MCDASf scores between groups during each assessment. Tests could not be computed for Houpt 1 

since standard deviations of both groups are 0. 

Table 6 presents the change in Houpt scores among the assessments in 

each group, along with the comparison of this change between groups. The 

Houpt score was statistically significantly reduced between the two 

assessments in the study group (paired t-test and Wilcoxon test p values= 

0.019 and 0.026 respectively), in contrast to the control group where this 

change was not statistically significant (paired t-test and Wilcoxon test p 

values= 0.179 and 0.180 respectively). The difference in the change of 

Houpt scores was not statistically significantly different also between the two 

groups. 

Table 6 Change in Houpt score across assessments in each group and 
the comparison of this change between groups. 

 Study group (Ν=11) Control group (N=9)  Between groups comparison 

Houpt 

change 

Mean 

(SD) 

p-

value* 

(T-

test) 

p-value* 

(Wilcoxon) 

Mean 

(SD) 

p-

value* 

(T-

test) 

p-value* 

(Wilcoxon) 

Mean (SE) 

Difference 

in change 

 

p-

value 

(T-

test)** 

p-value 

(Mann-

Whitney)** 

Houpt1 

– 

Houpt2 

 

1.091 

(1.300) 
0.019 0.026 

0.556 

(1.130) 
0.179 0.180 

0.535 

(0.552) 
0.345 0.245 
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*Paired t-tests (or Wilcoxon sign rank tests) in each group to examine whether each score change 

was significant between measurements 

**Independent samples’ t-test to examine whether the difference in each score change between 

groups was significant. 

3.5. Completion of treatment in the two groups 

As shown in Table 7 and Figure 11, only one participant did not complete the 

treatment process. This participant belonged to the study group and as was 

unable to manage the treatment. The difference in completion rates between 

groups was not statistically significant (p-value=1.000). 

Table 7 Completion rates of treatment, overall and by study group. 

 

 GROUP 

p-value Total N2O O2 

COMPLETED Yes 19 10 9 

1.000 No 1 1 0 

Total 20 11 9 

* Fisher’s exact test for the comparison of completion rates between groups.  

 

 

 

Figure 11 Clustered bar-chart of treatment completion rates by study 
group. 

 

Bar-chart of treatment completion rates 
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3.6. Children’s physiological changes between the 

assessment to the treatment visit. 

Physiological changes were assessed by recording children’s Heart Rate (HR) 

and Skin Temperature (ST), as obtained by the E4 Wristband. 

3.6.1 Heart rate: 

HR was recorded during the assessment and the treatment visits. At each 

visit, three measurements were obtained for HR: 1) the baseline value, 2) the 

highest value and 3) the average HR value. We define: 

▪ HR1: the difference between baseline and highest HR value during the 

assessment visit 

▪ HR2: the difference between baseline and highest HR value during the 

treatment visit 

▪ HR1 – HR2: the difference between HR1 and HR2 

▪ Average HR1: average HR value during the assessment visit 

▪ Average HR2: average HR value during the treatment visit 

As shown in Table 8, HR1 was not statistically significantly different from 

HR2 in either group. Also, the differences in HR1 and HR2 were not 

statistically significantly different between groups (independent t-test and 

Mann-Whitney tests p-value = 0.628 and 0.970 respectively). The mean 

(SD) of average heart rate during the assessment visit was 76.661 (5.612) 

for the study group and 75.777 (8.311) for the control group and this 

between-groups’ difference was not statistically significant (independent 

samples’ t-test p-value=0.790 and Mann-Whitney test p-value=0.766). The 

mean of average heart rate during the treatment visit was 82.861 (7.469) for 

the study group and 77.105 (8.559) for the control group and this between-

groups’ difference was not statistically significant (independent samples’ t-

test p-value=0.133 and Mann-Whitney test p-value=0.201).  

In the study group, the mean (SD) of the average heart rate was higher at 

the treatment visit [82.861 (7.469)] compared to the assessment visit [76.661 

(5.612)] and this difference was of borderline statistical significance (paired-

samples’ t-test p-value=0.051 and Wilcoxon test p-value=0.050). The 

difference that was observed among assessments in the mean (SD) of the 
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average heart rate among participants of the control group was not 

statistically significant (paired-samples’ t-test p-value=0.659 and Wilcoxon 

test p-value=0.859).Additionally, there was no statistically significant 

difference between groups in terms of the change that was observed in 

average HR from the assessment to the treatment visit (independent t-test 

and Mann-Whitney tests p-value = 0.224 and 0.184 respectively).  

Table 8 Comparisons of heart rate (HR) related values across visits in 
each group and between groups. 

 

  

*Paired t-tests (or Wilcoxon sign rank tests) in each group to examine whether changes in each 

group was significant between visits 

**Independent samples’ t-test to examine whether the difference in changes between groups was 

significant. 

 

 

 Study group (Ν=11) 

 

Control group (N=9)  Between groups comparison 

 Mean 

(SD) 

p-

value* 

(T-

test) 

p-value* 

(Wilcoxon) 

Mean 

(SD) 

p-

value* 

(T-

test) 

p-value* 

(Wilcoxon) 

Mean (SE) 

Difference 

 

p-

value 

(T-

test)** 

p-value 

(Mann-

Whitney)** 

HR1 – 

HR2 

 

0.985 

(20.66) 

 

0.878 0.594 
-5.013 

(14.45) 
0.328 0.441 

4.029 

(8.163) 

0.628 0.970 

Average 

HR1-

Average 

HR2 

 

-6.201 

(9.255) 

 

0.051 0.050 
-1.323 

(8.693) 
0.659 0.859 

-4.872 

(4.049) 

0.224 0.184 
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Figure 12 Change in average heart rate for each individual between the 
assessment (time 1) and the treatment visit (time 2) for the study 
group. 

 

 

Figure 13 Change in average heart rate for each individual between the 
assessment (time 1) and the treatment visit (time 2) for the control 
group. 

 

 

 

Group: Study (N2O) 

Group: Control (O2) 
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Figure 14 Overall change in heart rate between control and study group 
between the assessment (time 1) and the treatment visit (time 2) 

 

3.6.2 Skin temperature: 

The same analysis was conducted for skin temperature. We defined: 

▪ ST1: the difference between baseline and highest ST value during the 

assessment visit 

▪ ST2: the difference between baseline and highest ST value during the 

treatment visit 

▪ ST1 – ST2: the difference between ST1 and ST2 

▪ Average ST1: average ST value during the assessment visit 

▪ Average ST2: average ST value during the treatment visit 

As shown in Table 9, ST1 was not statistically significantly different from ST2 

in either group. Also, the difference in ST1 and ST2 was not statistically 

significantly different between groups). Additionally, there was no statistically 

significant difference between groups in terms of the change in average ST. 

Finally, there were no statistically significant changes in either the ST1-ST2 

or average ST across visits in either of the groups. The mean (SD) of the 

average ST1 was 33.326 (1.306) for the study group and 32.767 (1.451) for 

the control group. The mean (SD) of the average ST2 was 33.600 (1.673) for 

the study group and 33.059 (0.9395) for the control group. 

 

 

Average heart rate change for both groups 
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Table 9 Comparisons of skin temperature (ST) related across visits in 
each group and between groups. 

 Study group (Ν=11) 

 

Control group (N=9)  Between groups comparison 

 Mean 

(SD) 

p-

value* 

(T-

test) 

p-value* 

(Wilcoxon) 

Mean 

(SD) 

p-

value* 

(T-

test) 

p-value* 

(Wilcoxon) 

Mean (SE) 

Difference 

 

p-

value 

(T-

test)** 

p-value 

(Mann-

Whitney)** 

ST1 – 

ST2 

 

0.103 

(1.350) 

 

0.806 0.534 
-0.143 

(0.821) 
0.614 0.484 

0.246 

(0.515) 

0.638 0.382 

Average 

ST1-

Average 

ST2 

 

-0.275 

(2.016) 

 

0.661 0.534 
-0.292 

(1.716) 
0.624 0.767 

-0.017 

(0.843) 

0.984 0.909 

*Paired t-tests (or Wilcoxon sign rank tests) in each group to examine whether changes in each 

group was significant between visits 

**Independent samples’ t-test to examine whether the difference in changes between groups was 

significant. 
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Figure 15 Change in average skin temperature [Celsius (°C)] for each 
individual between the assessment (time 1) and the treatment visit 

(time 2) for the study group 

 

 

 

Figure 16 Change in average skin temperature [Celsius (°C)] for each 
individual between the assessment (time 1) and the treatment visit 
(time 2) for the control group 

 

Group: Study (N2O) 

Group: Control (O2) 
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Figure 17 Overall change in average skin temperature [Celsius (°C)] 
between control and study group between the assessment (time 1) 
and the treatment visit (time 2) 

3.7. Participant experience 

Data on each participant’s experience of the wristband are presented in 

Table 10. Only one child from each group found the wristband uncomfortable 

(n=2 or 15%) while more than half of them reported that it felt comfortable 

(n=13 or 65%) (Figure 18). Most participants in both groups agreed that 

trying the nose piece and N2O/O2 before the second visit would make them 

feel more relaxed (n=8 or 72.7% of the children in the study group and n=7 

or 77.8% in the control group) (Figure 19 and Figure 20).  No participant 

believed that it is not a good idea to try on the nose piece and N2O/O2 before 

the treatment visit. 

Table 10 Children’s experience 

Patient’s experience 

 

Overall sample 

(N=20) 

Study group 

(N=11) 

Control group 

(N=9) 

Wristband feeling, N 

(%) 

 

   

Uncomfortable 2(15) 1(11.1) 1(11.1) 

Comfortable 13 (65) 7 (63.6) 6 (66.7) 

No difference 5 (25) 3 (27.3) 2 (22.2) 

Average skin temperature change for both groups 
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Feeling on trying nose 

piece and magic gas 

before second visit, N 

(%) 

   

Less relaxed 1 (5) 1 (91) 0 (0)  

More relaxed 15 (75) 8 (72.7) 7 (77.8) 

No difference 4 (20) 2 (18.2) 2 (22.2) 

Is it good idea to try on 

the nose piece and the 

magic gas on the first 

visit before treatment, 

N (%). 

   

Yes 16 (80) 8 (72.7) 8 (88.9) 

No 0 (0) 0 (0) 0 (0) 

Don’t know 4 (20) 3 (27.3) 1 (11.1) 

 

 

Figure 18 Children's opinion on how the wristband felt 

 

Bar chart of children’s opinion 
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Figure 19 Children of the study group reported feeling 

 

 

Figure 20 Children of the control group reported feeling 

Data on the parents’ experience of the visits are presented in Table 11. All 

but one of the parents of children in the study group agreed that children 

trying the nose piece and N2O/O2 before the second visit would make them 

feel more relaxed (n=10 or 90.9%) (Figure 21). The respective percentage of 

parents of children in the control group was 55.5% (n=5) (Figure 22), with a 

substantial proportion reporting that they thought it would make no difference 

(n=4 or 44.4%). All parents of children in the study group agreed that it 

would be a good idea to try the nose piece and N2O on the first visit before 

treatment. The respective percentage of parents of children in the control 

group was 66.7% (n=6), with a substantial proportion reporting that they did 

not think it would be a good idea (n=2 or 22.2%). 

 

 

Group: Study (N2O) 

Group: Control (O2) 
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Table 11 Parents’ experience 

Patient’s experience 

 

Overall sample 

(N=20) 

Study group 

(N=11) 

Control group 

(N=9) 

How would trying nose 

piece and magic gas 

before treatment visit 

would make your child 

feel, N (%) 

   

Less relaxed 0 (0) 0 (0) 0 (0)  

More relaxed 15 (75) 10 (90.9) 5 (55.6) 

No difference 5 (25) 1 (9.1) 4 (44.4) 

Is it good idea to try on 

the nose piece and the 

magic gas on the first 

visit before treatment, 

N (%) 

   

Yes 17 (85) 11 (100) 6 (66.7) 

No 2 (10) 0 (0) 2 (22.2) 

Don’t know 1 (5) 0 (0) 1 (11.1) 

 

 

Figure 21 Parents of the study group report of their children’s 
experience 

Group: Study (N2O) 



- 64 - 

 

Figure 22 Parents of the control group report of their children’s 
experience 

Group: Control (O2) 
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Chapter 4 Discussion 

4.1. Introduction 

Dental anxiety is considered as an important problem affecting children’s 

oral health and clinical management (Wu and Gao, 2018). Strategies to 

overcome dental anxiety are essential in order to improve children’s oral 

health and their dental experience. This study aimed to assess the effect of 

experience of N2O/O2 sedation at assessment, prior to dental IHS on 

children’s anxiety. Understanding is important especially in an environment 

of high waiting lists. If an acclimatisation visit does not prove effective, then it 

may be a waste of parent and hospital resources. The secondary aims of the 

study were to examine its effect on the completion and level of acceptance 

treatment and patient experience. 

To the best of our knowledge there was no previous research specifically 

investigating the effect of acclimatisation on child anxiety and success of 

completion of treatment under inhalation sedation. The Royal Colleges of 

Surgeons and the Royal College of Anaesthetists in 2015 and SDCEP in 

2017, recommended two visits for inhalation sedation, one preparatory one 

for the actual treatment. However, the recommendations are based on 

expert opinions and are not evidence based. Therefore, the study aimed to 

provide evidence to support the experts’ opinion regarding the 

implementation of an acclimatisation visit.  

A randomised non-blinded controlled clinical trial design was chosen which 

provides the highest level of evidence. The COVID-19 had a significant 

impact on the research leading to a significantly smaller sample size. 

4.2. Covid 19 

The COVID-19 pandemic has affected dentistry as every medical profession 

worldwide (Peng et al., 2020). The effect on dentistry is considerable, since 

most of the treatments involve aerosol-generating procedures which are 

more likely to spread the infection (Mallineni et al., 2020). During the first 

pandemic outbreak routine dental treatment was postponed and only severe 
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dental paediatric emergencies (such as discomfort, pain, swelling, life 

endangering dentigerous infection, traumatic dental injuries, etc.) were 

performed (Paglia, 2020).  

LDI served only emergency dental procedures from March 2020 until 

November 2020. This meant that in spite of having received all approvals 

during the period from March to November 2020 no participants could be 

recruited for the study. Once the clinics started operation in November, to 

correctly carry out all the pre and postoperative sanitisation procedures and 

to avoid crowding of patients (and parents/caregivers) in the waiting room, 

the total number of patients treated daily was reduced (Cianetti et al., 2020). 

Therefore, it was impossible to achieve the initially expected sample size 

within the time frame of the research. 

4.3. Study Design and Methodology 

4.3.1 Sample size and sample selection 

At the time of study design, there was a lack of published articles conducting 

similar research. Advice was sought from a qualified statistician at the 

University of Leeds and it was decided to follow the Lancaster et al., 2004 

pilot study design. It was suggested to recruit a total of 68 participants (34 in 

each group) to ensure an appropriate and statistically valid sample size that 

would successfully answer the research hypotheses. However due to Covid-

19 quarantine and new measures it was impossible to achieve our sample 

size and we only managed to recruit 23 participants in a period of 7 months.  

The significantly reduced sample size is considered the greatest limitation of 

this study which affects the ability to generalise the results.  The ideal study 

is the one which has high power to detect statistical significance. The power 

of the study depends on several factors, but as a general rule, higher power 

is achieved by increasing the sample size (Mohar and Dulbarg, 1994). 

Decreasing the sample size reduces the confidence level of the study and 

increases the margin of error. A study with a small sample size will have 

large confidence intervals and will only show up as statistically abnormal if 

there is a large difference between the two groups. In small sample sizes 

there is an increased probability of a type II error. This type of error takes 
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place when the null hypothesis is incorrectly accepted, and this causes a 

false-negative result.  

The ability to generalise the results is further influenced by the population 

that the sample was drawn from. More specifically, it was a convenience 

sample drown by children that were referred to LDI. Children who are 

referred to the hospital usually require complex dental care and most of the 

time they are referred because they're too anxious to be treated by their 

regular general dental practitioner. Therefore, the are likely to have higher 

level of anxiety and disease compared to the normal which may affect the 

generalisability of the results as it’s a specific group.  

4.3.2 Acclimatisation and treatment visit 

Dental prophylaxis was only performed during the first appointment for both 

groups, to be constant and make sure that the anxiety level was not affected 

by the treatment. Ideally the operator would be blinded to the previous 

experience of the child. However, this would require an additional operator to 

perform the second visit and we know that the behaviour of the operator and 

the dental team influences the dental anxiety level of the patient. An operator 

may instill a positive attitude and minimise chances for dental anxiety while a 

different one may exaggerate, dental anxiety in patients (Appukuttan et al., 

2020). To remove the effect of the operator, the Lead Researcher was the 

responsible dentist for both the appointments and blinding was not possible. 

For the first visit, blinding was not performed for safety reasons. In a recent 

Cochrane review, Paul et al., (2018) acknowledged that in trials of sedative 

agents in children, blinding of dental operators is difficult due to the nature of 

the equipment and drugs involved, and the need to ensure patient safety 

during the procedure.  

Every other parameter apart from the use of N2O/O2 IHS, on the assessment 

visit, was tried to be kept as similar as possible for both groups to be able to 

focus on the effect of N2O/O2 sedation only. The IHS mask and equipment 

were explained and demonstrated and both groups tried on the mask. It is 

likely that just the act of putting the mask on and providing preparatory 

information may had a beneficial effect on the anxiety. It is known that by 

introducing children with some information about the upcoming dental 
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treatment may facilitate it (Newton et al., 2012). The sequence of the events 

at the treatment visit was kept the same for both groups. 

The type of treatment carried out on the treatment session was not 

controlled i.e., participants were treated as per their treatment plan. We did 

not feel that it was an important factor to control as the primary outcome 

involved the assessment visit. Nevertheless, data obtained from this study 

demonstrated that dental extraction was the most common procedure 

received in both groups. 

4.4. Anxiety scale 

As a subjective parameter, anxiety was recorded with the help of the 

MCDASf questionnaire in both groups. Research has indicated that children 

are able to self-report their anxieties by questionnaires from the age of five 

(Humphris et al., 2002). The MCDASf was chosen as it is more versatile to 

be used for measuring dental anxiety over a wider age range for children 

(from three years old) and those with limited cognitive functioning 

(Christophorou et al., 2000; Howard and Freeman 2007; Porritt et al., 2013). 

The MCDASf is reliable, short, and fast measure for child dental anxiety 

assessment (Javadinejad et al., 2011) and has been validated in di different 

populations and cultures (Leko et al., 2020). Furthermore, the MCDASf 

questionnaire is routinely used at the SU at LDI and it is a useful tool in 

quantifying the degree of anxiety that children have. 

The Lead Researcher was present during the completion of the 

questionnaires but did not influence any of the responses. For younger 

children, the questions were read out and the children pointed to the 

appropriate face on the scale which best described their anxiety level. Older 

children aged over 8 years were able to complete the questionnaire without 

assistance.  

4.5. E4 wristband to measure physiological signals 

Several studies have found increased anxiety causes physiological changes 

including increased respirations and heart rate and decreased peripheral 
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skin temperature (Prato, 2009).  Heart rate and skin temperature were 

chosen for analysis, because they are simple biological parameters to 

measure. An increase in the heart rate is the most common physiologic 

indicator for anxiety (Erten et al., 2006). Studies by Jimeno et al. (2011) 

have shown that HR is a reliable and safe indicator of anxiety. The normal 

heart rate was considered around 90-95 beats per minute based on Fleming 

et al. (2011) results of a systematic review of 59 studies. Children aged six 

and seven were found to have a median heart rate of 90-95 beats per 

minute.  

The physiological signals were measured through the wearable device 

Empatica E4 wristband (Empatica, Milan, Italy) which measurements have 

demonstrated high quality and validity (McCarthy et al., 2016; Ollander et al., 

2016; Schuurmans et al., 2020; Milstein and Gordon 2020). The Lead 

Researcher placed the E4 wristband around the wrist of the non-dominant 

hand of each participant, at every appointment.  

4.6. Feedback Questionnaire 

Two simple questionnaires containing easy questions were designed by the 

Lead investigator for children and their carers. Prior to the start of the current 

study, the questionnaire was piloted in children aged 5-15 years old to 

evaluate its ease of understanding. The questionnaire was piloted in the 

Sedation Unit at Leeds Dental Institute, where ten children who were coming 

for their routine dental visits and their parents, were asked to complete the 

questionnaire and to provide comments. Feedback and comments were 

collected, and the majority of the children found it clear and easy to read and 

understand. The questionnaire took around 2-5 minutes to complete. Minor 

amendments were made following this pilot test, this included simplifying one 

question and adding smiley face Likert scale to make it clearer and more 

understandable.  
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4.7. Discussion of the Results 

4.7.1 Demographics  

4.7.1.1 Age 

The statistical analysis results failed to find any statistically significant 

difference between the mean ages of the participants in the study and control 

groups. This is important because even though there is conflicting evidence 

regarding the effect of age on dental anxiety, previous research suggests that 

age could impact upon dental anxiety (Schuller et al., 2003; Armfield et al., 

2007). 

4.7.1.2 Gender 

Due to small sample size, Fisher’s exact test was performed to compare the 

gender disparity between study and control group. The gender was balanced 

between the two groups. If there had been a significant difference in the 

genders between the two groups, this could have been a potential source of 

bias as some studies who examined dental anxiety among young adolescent 

patients concluded that girls were more anxious than boys (Peretz and Efrat, 

2000).  

4.7.2 Effect of experiencing N2O/O2 sedation at the assessment 

visit on children’s dental anxiety 

The primary outcome of this study was to examine the effect of trying the 

N2O/O2 IHS on the assessment visit. The mean (SD) MCDASf score was 

21.73 (2.832) for the study group and 21.33 (2.398) for the control group at 

baseline. Children with a score ≥19 are considered to have severe dental 

anxiety, while those with a score of <19 are considered to have none to 

moderate anxiety (McDonnell-Boudra et al., 2014). This means that our 

sample is very anxious which is reasonable as dental anxiety is one of the 

indications of IHS.  

There was no statistically significant difference in the difference of the 

MCDASf score from the first to the second visit between the two groups. 

Therefore our null hypothesis is not rejected. Due to the small sample we 

can only interpret the statistical results with caution. 
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We found a statistically significant reduction in the MCDASf score of the 

control group only, from the assessment visit to the beginning of the 

treatment visit. Regarding the study group, the non-statistical decrease may 

be a result of underpowering or that the exposure of the children to an 

additional N2O intervention and increased patient contact time indeed raised 

their anxiety.  

 Another explanation is that we might have chosen a more anxious group of 

children by chance even though there was no difference on the baseline 

anxiety between the two groups. For the control group, the reduction could 

be true and attributed to the fact that the children had a short of an 

acclimatisation just by meeting the dentist and trying on the mask with O2, 

even though N2O/O2 IHS was not tried. Taking into consideration that there 

was only a decrease on the dental anxiety level of the control group only we 

can assume that using nitrous at that acclimatisation visit is actually not a 

good idea and pre-treatment visit is effective but better not to use nitrous 

oxide at this visit 

In order to try to keep things consistent we chose for the control group to try 

the mask with oxygen only. This however might have introduced bias as the 

fact that trying on the mask may have influenced the anxiety level. Children 

might have not been familiarised with the N2O/O2 IHS but they got familiar 

with the mask and the sedation equipment.  

4.7.3 Difference in children’s dental anxiety levels before 

and after the treatment session 

The MCDASf score was reduced in both groups at the end of the treatment 

visit even though this difference did not reach statistical significance 

between the two groups. This reduction was only statistically significant for 

the control group. The results point to a tendency for an acclimatisation visit 

to work but that it makes no difference if N2O/O2 IHS is actually experienced 

at that visit.  

Another factor that helped both groups was the possibility to practise 

breathing with the mask so that at the treatment visit this was already sorted 

out. That is a real benefit because if children can’t breathe through their 
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noses then the treatment has to be abandoned and a longer treatment time 

is not wasted. 

It is important to address that the dental treatment of the children in the 

present study was performed by a postgraduate paediatric dentist who is 

training in special skills and behaviour management techniques for children. 

This may be a reason for the decrease in the children’s levels of dental 

anxiety. One could hypothesise that, in the hands of general practitioners, 

the outcomes could be different. The level of experience is an important 

factor to consider when use of inhalation sedation is being investigated, 

where the psychological reassurance ability of the dentist is important 

(Paterson and Tahmassebi, 2003). 

4.7.4 Physiological measurements 

The results of the physiological measurements did not point any statistically 

significant difference between the groups, only a minor increase in the 

average HR from the assessment to the treatment visit in the study group 

only. The results of the HR are not consistent with the MCDASf results. In the 

study group the MCDASf score was reduced even though it did not reach 

statistical significance, while the HR was increased. This can be attributed to 

the fact the MCDASf measures the anxiety at one specific time whereas HR 

is averaged over a period of time. We can hypothise that the MCDASf score 

was lower from the beginning of the assessment visit to the beginning of the 

treatment visit due to the acclimatisation and got even lower at the end of 

the treatment visit because they finished the procedure. In contrast the HR 

during the treatment visit was higher compared to the acclimatisation visit as 

it was measured throughout the procedure which was usually a dental 

extraction.  

4.7.5 Acceptance of treatment: 

The Houpt scale is routinely used in the sedation unit at Leeds dental 

institute for all patients and is recorded routinely in the patients’ dental 

records. According to recent systematic reviews, section IV of the Houpt 

behavioural scare was used in the majority of the RCTs included in order to 

assess the behaviour in sedation (Ashley et al., 2018; Rossit et al., 2021). 

More specifically according to Ashley et al. (2018) over half of the studies 
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used the Houpt or a modified Houpt scoring system to record behaviour. The 

Houpt behavioural scale, assesses behaviour in an ordinal form (grade 1 to 

6) where higher values equal better behaviour.  

In the Soldani et al. (2009) study, there was no agreement between 

observers’ Frankl scores given to child participants. Taking into 

consideration that scoring the behaviour of a child may vary across 

clinicians, the Lead researcher only performed the scoring on all the 

participants during both visits.  

In our study during the first visit, prevention only was performed which is an 

easy and well accepted procedure. The Houpt score was the highest for all 

the participants in both groups. Following the treatment visit the behavioural 

score was significantly reduced in the study group only, even though the 

score difference between the two groups was not statistically significant. 

This is consistent with the HR physiological measurements, which were 

increased during the treatment visit for the study group. Overall, there is a 

trend in measurements. More specifically the dental anxiety scores indicated 

that there was a statistically significant reduction on the anxiety of the control 

group only, the results of the HR measurements indicate that the study 

group was more anxious during the second visit while the behavioural score 

of the study group was decreased significantly during the treatment visit. 

Obviously, the treatment provided may well influence the behaviour and 

anxiety of the participant. However, the data obtained from this study 

demonstrated that dental extraction was the most common procedures 

received in both groups. 

4.7.6 Completion of treatment: 

Completion of dental treatment has been widely used as a success criterion 

for sedation procedures in dentistry (Shepherd and Hill 2000; Hennequin et 

al., 2004; Hennequin et al., 2012). The main advantage of this parameter is 

its objectivity and reproducibility (Takkar D., et al. 2015). Only one 

participant of the study group did not manage to complete the treatment due 

to lack of compliance. Even this slight difference is consistent with the rest of 

the findings where the control group outperformed the study group.  
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4.7.7 Feedback 

Prior to discharge and following their recovery from sedation, the participants 

and their carers were provided with a questionnaire to give their feedback 

about the E4 wristband and N2O/O2 IHS trial. What is really interesting is that 

in contrast with the results, the parents and participants feedback is in favour 

of the N2O/O2 IHS trial on a separate visit before treatment. The majority of 

the participants (80%) pointed that it is a good idea to try the N2O/O2 

sedation before the actual treatment while 75% and 72.9% of the control and 

study group respectively, felt that it made them or would make them feel 

more relaxed. The results of the parents/carers’ feedback were in agreement 

with the participants. Since the results point that an acclimatisation visit 

alone with the use of the nitrous oxide had a positive effect on the anxiety it 

would be interesting if we had included an additional question on the 

feedback questionnaire. This additional question could ask if it’s a good idea 

to have an extra visit before treatment for acclimatisation but without the trial 

of N2O/O2 IHS. 

4.8. Limitations  

It is preferred to be able to conduct a study that has adequate sample size 

and power so that the conclusions generated from the research can be 

confidently applied to the broader population. Therefore, the biggest 

limitation of this current study is the low sample size. In this light, our results 

have to be considered as pilot findings and need to be replicated in a larger 

sample. 

As this research was completed in Leeds with children who were selected 

from the new patient clinic and referred for IHS sedation at LDI, the results 

are specific to this group of patients and this affects the ability to generalise 

the outcomes. A school sample is generally considered more representative. 

The types of treatment which were carried out were not controlled. 

Therefore, the anxiety levels might have been influenced by the different 

treatment complexities, as literature indicates that invasive procedures such 

as extractions and are associated with higher reported anxiety (Maggirias 

and Locker 2002). The data obtained from this study may demonstrated that 
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dental extraction was the most common procedures received in both groups 

but it is an approximate statement which we cannot take fully into 

consideration as even the extraction complexity differs between the type of 

tooth (ie permanent vs primary). 

Moreover, parents/carers who didn’t speak English were excluded from this 

study. This may have limited the results, by excluding some potential 

participants and did not allow the impact of a pre-treatment visit to be 

assessed in children who may have more limited understanding because of 

language difficulties. Another limitation of the present study is the fact that 

both parents/carers and Lead Researcher were present when children 

responded to both anxiety and feedback questionnaires, which may led to 

reduced privacy and the children’s answering in line with parents' 

expectations and social expectations.  

4.9. Future Research 

This research was affected by a number of limitations as previously outlined. 

Further research is needed with a larger sample size. The recruitment of 

larger numbers of participants would allow subgroup analysis according to 

several factors that may have an impact on the anxiety levels. Past dental 

and medical experiences of the child, socioeconomic factors, general health 

and parental anxiety are known to influence both dental anxiety and 

behaviour (Klingberg and Broberg, 2007; Alshoraim et al., 2018). The results 

will enable clinicians to spot the children that may benefit from an 

acclimatisation visit. 

What we understand from this research is that having an acclimatisation visit 

seems to help while the role of experiencing N2O/O2 vs O2 alone is not as 

clear. There is currently a research protocol published which also plans to 

investigate the acclimatisation to N2O/O2, and this may provide some 

additional evidence on the effectiveness of experiencing N2O/O2 IHS before 

treatment (Kowash et., 2020). It would be interesting to compare an 

acclimatisation visit (even without a trial of the mask and breathing the 

gases) versus not having an acclimatisation visit at all and moving straight to 

treatment under sedation on the first visit. Furthermore, future research 



- 76 - 

including a more detailed questionnaire or qualitative interviews would be 

useful in order to explore the views of children and parents themselves. For 

instance, there might be “dental” benefit of an acclimatisation visit but there 

may be parental issues around travel, time of work. 
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Chapter 5 Conclusion 

From the present study the following conclusions were made:  

1. There was no significant difference in the level of dental anxiety between 

the children that experience N2O/O2 sedation at the assessment visit with 

those children that experience the mask with O2 only. Therefore, the null 

hypothesis, was accepted. 

2. There was no significant correlation between the N2O/O2 IHS experience 

on the assessment visit and the rate of acceptance and completion of 

treatment. 

3. The group of children that did not experience the N2O/O2 IHS on the 

assessment visit had minor statistically significant reduction of the dental 

anxiety score from the assessment to the treatment visit. On the contrary, 

participants who experienced the N2O/O2 IHS appeared a lower 

behavioural score and an increased HR. 

4. 80% of the participants expressed the view that it is a good idea to try the 

N2O/O2 sedation before the actual treatment. 

5.  Further research is required with a larger sample size to further clarify 

the study results in more detail. 
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