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Abstract	

Background: Existing oral health-related quality of life (OHRQoL) measures are 
generic and have not involved children at all stages of development.   
 
Aim: To develop a caries-specific measure of OHRQoL for children.   
 
Design: The first phase involved a systematic review of the three most commonly 
used child self-report measures of OHRQoL. This was followed by a qualitative study 
with children, aged 5-16 years, to develop the measure and, finally, a cross-sectional 
validation study. Necessary ethical approval was granted for the study. 
 
Results: The systematic review included 120 papers and revealed that the three most 
commonly used existing measures had included children only in the latter stages of 
development.  There was lack of testing for unidimensionality, although other 
properties were satisfactory.  The qualitative study found that children discussed a 
number of caries-related impacts which affected their daily lives.  These were 
incorporated into a draft measure which was further refined following testing of face 
and content validity.  The questionnaire for validity testing contained 16 items and 
one global question and was named the Caries Impacts and Experiences 
Questionnaire for Children (CARIES-QC).  Two hundred participants with a mean 
(range) age of 8.1 (5-16) years took part in the evaluation of CARIES-QC.  Four items, 
which did not fit the Rasch model, were removed from further analysis.  The 
remaining 12 items demonstrated good internal consistency (alpha=0.9) and the total 
score showed significant correlations with the number of decayed teeth, presence of 
pain, pulpal involvement, the Child Perceptions Questionnaire (16-item short form) 
and the global score (p<0.01, Spearman’s rho). 
 
Conclusion:  CARIES-QC demonstrates acceptable validity, reliability and 
responsiveness using both modern psychometric techniques and Classical Test 
Theory. Its unidimensionality allows the transformation of raw scores, enabling 
accurate calculation of effect sizes and change scores following treatment of dental 
caries.   
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Chapter One	

Introduction	

Dental caries is the most prevalent oral disease in children.  A recent 
systematic review reported that approximately 621 million children globally 
have untreated dental caries (Kassebaum et al., 2015).  Despite the prevalence 
of the disease, there is a paucity of evidence relating to children’s perspectives 
of dental caries or interventions which may be used in its management. 
 
To date, children’s perspectives have been captured by the use of child self-
report measures of oral health-related quality of life (OHRQoL).  However, 
these measures are designed to capture a range of impacts associated with 
different orofacial conditions and therefore may not be sensitive enough to 
assess those impacts which are specifically associated with dental caries 
(Wiebe et al., 2003).  In addition, these measures of OHRQoL only sought 
children’s input at the latter stages of their development and therefore they 
may not accurately reflect the impacts which are important to them.  
Furthermore, none of the existing measures have been validated for 
longitudinal evaluation of the effects of interventions which may be used to 
manage dental caries.  To address these acknowledged limitations, a caries-
specific measure of OHRQOL which has fully involved children in its 
development is required for use in future clinical trials. 
 
Therefore the aim of the research presented in this thesis is to conduct three 
interlinked studies which will lead to the development of a caries-specific 
measure of OHRQoL for children. 
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The objectives of the research are to: 
1. Critically review the most commonly used self-report measures of 

OHRQoL for children against existing quality criteria, the findings of 
which will  be used to inform the development of the new measure. 

2. Explore, through qualitative methods, the impacts of dental caries on 
children. 

3. Involve children in the design and content of the measure to ensure that it 
is meaningful and relevant to them. 

4. Test the measure for validity, reliability and responsiveness using modern 
psychometric techniques and existing criteria. 

 
The thesis is structured as follows: 

• Chapter Two is a narrative review of the literature which considers the 
public health significance of dental caries in terms of its prevalence, its 
impact on the individual, its impact on society and the availability of 
preventive measures and various treatment regimens for dental caries.  
Gaps in the literature regarding children’s perspectives of dental caries and 
interventions used for its management are highlighted. 

• Chapter Three describes the rationale, aim and objectives of the research. 

• Chapter Four discusses the methodological considerations pertinent to 
undertaking research with children and when developing a new measure of 
OHRQoL 

• Chapter Five reports a systematic review of the three most frequently used 
child self-report measures of OHRQoL and evaluates their development 
and validation against existing quality criteria.  The review highlights the 
limited involvement of children in the development of previous measures 
and lack of modern psychometric techniques to assess their 
unidimensionality. 

• Chapter Six details development of the caries-specific measure, involving 
children throughout the development process.  Impacts reported by 
children along with the language they used are described.  The benefits of 
actively engaging children throughout development are highlighted. 
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• Chapter Seven reports validity, reliability and responsiveness testing of the 
new measure.  Both modern psychometric techniques and Classical Test 
Theory are used to assess the measure’s properties.   

• Chapter Eight brings together the findings of the studies contained within 
the thesis and discusses their implications for clinical care, policy and 
further research. 

• Chapter Nine presents the key conclusions and recommendations which 
have arisen from the three studies. 
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Chapter Two	

Background	

This chapter will discuss the prevalence and impact of dental caries in children 
and assess the public health significance of dental caries using the criteria 
suggested by Sheiham and Watt (2003).   

2.1 Introduction	

Dental caries is the most prevalent oral disease amongst children and can 
cause chronic pain, local infection and in some cases may lead to 
hospitalisation due to spread of the infection and systemic illness (Majewski et 
al., 1988; Benjamin, 2010).  A recent systematic review found that globally 621 
million children have untreated caries in their primary teeth, reaching peak 
prevalence at 6 years of age (Kassebaum et al., 2015).  No significant decrease 
in the incidence of the disease was seen from 1990 to 2010.  It would therefore 
appear that the global burden of dental caries is significant.  The following 
sections will discuss the public health significance of caries according to the 
four criteria suggested by Sheiham and Watt (2003): 
1. Prevalence: should be high, or if the disease is uncommon, then it should 

be serious. 
2. Impact of the condition on the individual: the symptoms should have a 

psychological and social impact on the individual and affect functioning.   
3. Impact on wider society: for example, costs of treatment, time off school or 

work for the population. 
4. The condition is preventable and effective treatments are available.



 5 

2.2 Public	health	significance	of	caries	

This section will mainly focus on the prevalence of caries in the UK, as the 
study will be set in a city in England (Sheffield).  The UK has a Human 
Development Index of 0.89, which is makes it a country with “very high 
human development” and its Gross Domestic Product (a measure of economic 
performance) is ranked 5th in the world (United Nations Development 
Programme, 2013; Knoema, 2015).  However, compared to other developed 
countries, the UK has a high level of income inequality.  It is the 4th most 
unequal in terms of income amongst developed countries and the most 
unequal in Europe (The Equality Trust, 2015).  Sheffield is the 56th most 
deprived local authority in England (out of 326) (Sheffield City Council, 2010).  
In Sheffield, 34% of the population live in areas which are amongst the 20% 
most deprived in England, with 22% living in areas which are amongst the 
10% most deprived in England.  At the other end of the deprivation scale, 20% 
live in areas ranked amongst the 20% least deprived areas in England and 8% 
live in areas in the 10% least deprived (Rae, 2011).  Sheffield has a higher 
proportion of children living in poverty (25%) than the England average (21%) 
(Public Health England, 2015).  Therefore, although Sheffield is not one of the 
most deprived cities in England due the presence of both affluent and 
deprived areas, it is one of the most unequal with clear divides between the 
North East and South West of the city (Sheffield Fairness Commission, 2013). 
These divides can also be seen when data related to the proportion of children 
with dental caries are extrapolated for Sheffield wards.  For example, within 
areas in the most deprived quintile, almost 50% of children have caries 
experience, compared with less than 20% in the least deprived quintile (Public 
Health England, 2014c).  Further details regarding caries experience of 
children in Sheffield will be discussed in Section 2.2.1. 
 
The next section will discuss the prevalence of dental caries globally and in the 
UK. 
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2.2.1 Prevalence	of	dental	caries	in	children	

Dental caries is the most common dental disease in children and young people 
with untreated caries in primary teeth affecting 9% of children worldwide 
(Kassebaum et al., 2015).  Indeed, data from North America show that caries is 
five times more prevalent in children than asthma and seven times more 
prevalent than hayfever (U.S. Department of Health and Human Services, 
2000).   

Global prevalence 
In order to standardise reporting of dental caries prevalence around the world, 
caries experience is generally expressed as a mean of the number of decayed, 
missing and filled teeth (abbreviated to DMFT in the permanent dentition and 
dmft in the primary dentition) for the population (Bodecker, 1939).  Criticisms 
of this method of caries detection are that unless the individual components 
are expressed individually, it is not clear what each contributes to the overall 
score.  In addition, there are differences in how the “decayed” component is 
assessed, with some assigning this score only when there is frank cavitation 
and others where there is visual evidence that the caries extends into dentine.  
Furthermore, as only lesions into dentine are reported, there may be an 
underestimation of the prevalence of caries as it fails to account for lesions 
confined to enamel.  More recently developed systems such as the 
International Caries Detection and Assessment System (ICDAS II), use a more 
refined measurement system which allows the extent of caries to be more 
accurately measured (International Caries Detection and Assessment System 
Coordinating Committee, 2011).  The ICDAS II classifies six stages of caries, 
from the first white spot lesion in dry enamel (code 1) to extensive cavitation 
involving over half the tooth surface (code 6) (International Caries Detection 
and Assessment System Coordinating Committee, 2011).   Using ICDAS II in 
epidemiological studies may cause difficulties in comparison with other 
studies as the majority have used the DMF system (Iranzo-Cortes et al., 2013).  
However, there are methods which can be used to convert between the two, 
although there remains some debate regarding how best to do this (Iranzo-
Cortes et al., 2013). There remains a need for more sensitive assessment 
techniques to be adopted to ensure that results are comparable across 
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countries and settings and to provide more accurate results of interventions to 
prevent progression of dental caries.  However, caries data presented in this 
present study will be as dmft/DMFT as this is still commonly presented in 
epidemiological studies. 
 
The World Health Organization’s (WHO) Global Oral Health Database shows 
that caries experience in 12-year-olds varies widely throughout the world, 
with a mean weighted DMFT of 1.86 (World Health Organization, 2015b).  The 
area with the highest mean caries experience in 2015 was South East Asia 
(DMFT=2.97) and the lowest was the Western Pacific region (DMFT=1.05).  
Seventy-three percent of countries had a mean DMFT of less than 3 in 12-year-
olds which is the level set by the WHO as a global oral health goal.  However, 
within these continents there are large variations between different countries.  
For example, in 2004 the mean DMFT was 6 in St. Lucia, but 0.6 in Trinidad 
and Tobago, although direct comparison can be difficult due to differing 
protocols used for dental surveys (World Health Organization, 2015b). 
 
The difference in caries prevalence between countries  appears to be associated 
with economic and social development.  Do (2012) described analysis of global 
caries trends, indicating that globally caries has moved from being a disease of 
affluence to a disease associated with deprivation (Do, 2012).  Caries 
prevalence was higher in developed countries pre-1980, however these areas 
have shown a more rapid decline in the disease over time (Dye et al., 2007; Do, 
2012).  This trend has been attributed to the availability of fluoride toothpaste, 
public health measures, improvements in disease management and better 
living conditions (Spencer et al., 1996; Petersen, 2003; Do, 2012).  However, 
there has been little change in caries experience in countries with lower 
economic and human development (Do, 2012).  As these communities account 
for the majority of the world’s population, strategies for improving oral health 
in these populations are required.   

Prevalence in the UK 
National surveys in the United Kingdom (UK) provide information on the 
prevalence of the disease and are designed to allow analysis of oral health 
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trends.  One such survey is the Children’s Dental Health Survey which has 
been carried out every ten years since 1973. The 2013 survey revealed that 31% 
of 5-year-olds and 46% of 8-year-olds have obvious caries experience (Pitts et 
al., 2015).  The mean dmft was 0.9 and 1.4 for 5- and 8-year-olds respectively.  
However, this increased to 3.0 in those with dental caries, which is a more 
realistic estimate of the likely burden of the disease in those affected. Due to 
changes in the consent process between this most recent survey and the 
preceding ones, it is not possible to make direct comparisons with findings 
from previous surveys for these age groups.  Almost half (49%) of 5-year-olds 
and 56% of 8-year-olds had clinical evidence of caries (i.e. enamel caries), 
indicating preventive measures are required to inhibit progression (Pitts et al., 
2015).  There remains a large variation for the proportion of affected 5-year-
olds between England (31%), Wales (41%) and Northern Ireland (40%) (Pitts et 
al., 2015).  The same is true for 8-year-olds, with 45% of English 8-year-olds 
having obvious caries experience compared with 55% in Wales and 56% in 
Northern Ireland.  Children who were eligible for free school meals had a 
higher prevalence of obvious caries experience (41% of 5-year-olds and 57% of 
8-year-olds) when compared to those who are not eligible (29% of 5-year-olds 
and 45% of 8-year-olds) (Pitts et al., 2015).  These data suggest that those with 
higher levels of social deprivation have higher levels of disease, in common 
with other previous studies (Lader et al., 2004; Schwendicke et al., 2015).  
 
Obvious caries experience in the permanent dentition was present in 13%, 34% 
and 46% of 8-, 12- and 15-year-olds respectively in the 2013 Child Dental 
Health Survey (Pitts et al., 2015).  Again, a higher proportion of children who 
were eligible for school meals were affected.  However, the prevalence of 
caries in the permanent dentition has been shown to decrease over the last 20 
years with the proportion of 15-year-olds having obvious caries experience 
(excluding non-cavitated lesions) decreasing from 93% in 1983 to 42% in 2013. 
Similar decreases have been seen in 12-year-olds (83% in 1983 to 28% in 2013). 
However, a large percentage of the population still remain affected by the 
disease and this is heavily skewed towards those with a lower socioeconomic 
status (Pitts et al., 2015). 
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In addition to this decennial survey, the NHS Dental Epidemiological 
Programme (NHS DEP) performs a series of epidemiological surveys.  These 
surveys examine 5-year-olds biennially and other population groups in the 
intervening years and allow analysis at regional level. In 2011/12 the average 
dmft in England was 0.94, varying from 0.67 in the South East to 1.29 in the 
North West of the country and there was an association with deprivation 
(Public Health England, 2012).  The mean dmft in children who had caries 
experience was 3.38. Up to 13% of 5-year-old children had evidence of sepsis 
(defined as the presence of a sinus or dental abscess on visual examination of 
the soft tissues) from carious teeth and the disease remains largely untreated 
especially in the primary dentition (Public Health England, 2012).  The 
prevalence of sepsis overall was 1.7%, and, as expected was higher in areas 
where caries experience was high. The caries experience of 5-year-old children 
in Yorkshire and the Humber region was above average, with a mean dmft of 
1.23 and affecting 33.6% of the population.  The area with lowest caries 
experience was North Lincolnshire (dmft=0.60) ranging to the highest in 
Bradford (dmft=1.98).  Locally, Sheffield was reported to have an average dmft 
of 1.30, with caries affecting 35.8% of 5-year-olds.  Similar studies are 
performed in other areas of the UK.  In Wales, the average dmft of 5-year-olds 
in 2011/12 was 1.59 affecting 41.4% of the population.  In Scotland in 2012, 
there was an average dmft of 1.35 with 33% of the Primary 1 (aged 4-7 years, 
mean 5.5 years) population affected (Macpherson et al., 2012; Morgan et al., 
2013).   
 
In 2008/2009, 33.4% of 12-year-olds in England had evidence of caries 
experience with an average DMFT of 0.74, although this rose to 2.21 in those 
with caries experience (Rooney et al., 2010).  Again there was significant 
variation between regions, with children in the North West, North East and 
Yorkshire and the Humber having mean DMFT above the national average. In 
Yorkshire and the Humber the average DMFT ranged from 0.74 in North 
Lincolnshire to 1.37 in Bradford and Airedale with a regional mean of 1.07.  In 
Sheffield, 41.4% of 12-year-olds had caries experience with a mean DMFT of 
0.97.  Those with caries experience had a mean DMFT of 2.35.  During the 
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same period, 11-12-year-olds in Wales were found to have an average DMFT 
of 0.98, with those with caries experience (42.5%) having a mean DMFT of 2.31. 
Both of these surveys found reductions in the prevalence and severity of 
dental caries compared with previous national surveys (Welsh Oral Health 
Information Unit and Public Health Wales, 2010).  
 
In summary, it would appear that around one-third of children in England 
have caries experience although there is great regional variation with over 50% 
being affected in some areas.  There is also evidence of an association with 
deprivation, with a higher prevalence and an increased number of teeth 
affected in more deprived areas.  
 
The next section will consider the impact of caries on affected children. 

2.2.2 Impact	on	individuals	

A number of studies have investigated the impact of caries in children, 
however, many of these studies have used proxies rather than questioning the 
children themselves.  Studies have understandably tended to focus on pain as 
the main impact of dental caries.  To date, little insight has been gained with 
regard to the psychosocial aspects of dental disease in children.  In this section, 
the prevalence of dental pain in children will be discussed followed by a 
review of other caries-related impacts.  Studies which have investigated 
psychosocial status in relation to dental caries will also be reviewed. 

Prevalence of dental pain in children 

Estimates by proxies 
Dental pain was reported in 32% (n=7.5 million) of children, whose parents 
stated they had caries, in a North American (USA) national health survey 
(Lewis and Stout, 2010).  This prevalence is higher than that found in the most 
recent UK Child Dental Health Survey, where toothache was reported by 
parents to have occurred in 14% of 5-year-olds and 18% of 8-year-olds (Tsakos 
et al., 2015).  A study in a clinical population involving children attending for 
treatment of caries under general anaesthesia (GA) in the North West of 
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England found a higher prevalence of pain (69%).  Of those with reported 
symptoms, 45% had experienced pain in the previous month and 27% in the 
previous week (Goodwin et al., 2015).  These children had specifically been 
referred for treatment of their carious lesions and thus provide data for pain 
experience in a clinical population, rather than the wider population.   
 
It should be acknowledged that these studies may have underestimated the 
true prevalence of pain as they were based on parental report.  Research in the 
medical field investigating the prevalence of pain in children has also often 
been based on parental reports (Bille, 1962; Evans et al., 2004; Zernikow et al., 
2005; Kröner-Herwig et al., 2007).  However, although there are similarities 
between parental and child responses, they are not identical (Schneider and 
LoBiondo-Wood, 1992; Doherty et al., 1993; Zernikow et al., 2005; Sundblad et 
al., 2006). 

Child self-reported pain estimates 
Several studies have investigated dental pain from the child’s perspective 
using a variety of self-report measures.  In Thailand, a national oral health 
survey found that 39% and 34% of children aged 12 and 15 years respectively, 
attributed the impacts they were suffering to dental pain (Krisdapong et al., 
2009).  This is lower than data emanating from Brazil, where a lifecourse study 
involving 339 children found that between 36-71% of children with caries 
experience had suffered dental pain by the age of six years and that this 
increased to 65-85% by the age of 12 years (Bastos et al., 2008).  In addition, 
11% had suffered pain in the preceding month (Bastos et al., 2008).  Pau and 
colleagues (2007) investigated the prevalence of pain in 187 Greek children and 
found that 37% reported oral pain in the previous four weeks of which 60% 
attributed it to a tooth and 31% of those stated that it was specifically from a 
tooth with a hole in it.  Furthermore, a study carried out in Sri Lanka aimed to 
ascertain the prevalence and impact of dental pain in 576 8-year-old 
schoolchildren (Ratnayake and Ekanayake, 2005).  The questionnaire asked 
whether pain had been experienced, how often, what caused it and what 
treatment had been given for the pain?  The children’s reports revealed that 
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49% had suffered pain and the most common reason cited by the children for 
pain experience was “cavity/decayed tooth” as reported by 67% of children.  
 
Finally, in the UK, a study of 589, 8-year-old schoolchildren found that 48% of 
children reported pain, 8% of whom had experienced pain in the previous four 
weeks (Shepherd et al., 1999).  However, it should be noted that approximately 
one-third of the children attributed the pain they had experienced to a 
“wobbly tooth”, therefore it may be that the number of children affected by 
dental pain due to caries is somewhat lower than the figures suggested by this 
study.  “Toothache” was reported by 18% of 12-year-olds and 15% of 15-year-
olds in the latest Child Dental Health Survey (Tsakos et al., 2015).  Higher 
proportions of children who were eligible for free school meals reported that 
they had had toothache than those who were not eligible for free school meals, 
indicating an increased oral pain prevalence in those with lower 
socioeconomic status (Tsakos et al., 2015). 
 
As these studies directly asked children about their experience of dental pain, 
they may be a more accurate reflection of the prevalence compared to studies 
which used proxy report.  Although these studies were performed in different 
settings and using a variety of methods, it would appear that at least half of all 
children with caries have experienced pain.  Due to the recall periods and 
methods employed, this may be an underestimation of the true prevalence of 
pain in children with dental caries. Despite the differences in whether parent 
or self-report were used to ascertain the prevalence of pain, where 
demographic characteristics were investigated, a higher prevalence of pain 
was found in those with low socioeconomic status (Nuttall et al., 2006; Bastos 
et al., 2008; Lewis and Stout, 2010; Tsakos et al., 2015).  

Impacts related to pain 
A variety of other impacts have also been reported relating to caries-induced 
oral pain.  An impact on eating has frequently been reported in population 
studies assessing the impact of dental caries. In a Thai national survey, 64% of 
12- and 15-year-olds reported oral impacts related to eating.  However, these 
may not all have been associated with dental caries, although toothache was 
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the most frequently identified cause of impacts in 12-year-olds and the second 
most frequent in 15-year-olds (Krisdapong et al., 2009).  The most frequent 
impact reported by Greek children was difficultly eating (40%).  It was also the 
most common impact reported by Sri Lankan children (58%) and children in 
the UK (73%) (Shepherd et al., 1999; Ratnayake and Ekanayake, 2005; Pau et 
al., 2007). 
 
Other reported impacts have included loss of sleep, time off school, problems 
cleaning teeth, speaking and interference with normal daily activities 
(Shepherd et al., 1999; Ratnayake and Ekanayake, 2005; Pau et al., 2007; 
Krisdapong et al., 2009).  Indeed, Krisdapong and co-workers (2013b) found 
that 5% of 12-years-olds and 4% of 15-year-olds in Thailand had missed school 
due to toothache, with a mean of 1.4 days missed.  Similar findings were 
reported in a study in the USA, where 3.9% had missed at least one day of 
school due to dental pain or infection (Jackson et al., 2011).  Other studies have 
found between 11 and 70% of children missed school due to dental pain 
(Shepherd et al., 1999; Naidoo et al., 2001; Ratnayake and Ekanayake, 2005).  In 
the USA, 17.3% of absences from school, which were related to oral health 
were due to dental pain or infection.  In addition, absence from school due to 
pain and infection were associated with poorer school performance, whereas 
absence for dental treatment was not (Jackson et al., 2011).  Therefore, it may 
be that the presence of ongoing dental pain has effects on children’s school 
performance which is not simply related to school absence. 
 
Caries-related impacts affect daily activities such as eating and sleeping and 
therefore may have effects on children’s general health and development, 
which may further impact upon their school performance.  The next section 
will discuss the effects of dental caries on general health. 
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Dental caries and general health 
In more recent years, investigators have attempted to evaluate the association 
between dental caries and general health.   

Weight and height 
The regulation of growth in children is complex and multifactorial and may be 
affected by several aspects of dental caries (Sheiham, 2006).  Firstly, it may 
result in decreased intake of food due to pain, as discussed in the previous 
section.  This may result in periods of suboptimal nutrition, thereby restricting 
growth. Other children may have disturbed sleep which may interfere with 
glucosteroid production and chronic infection which may, in turn, interfere 
with metabolic pathways (Sheiham, 2006).  
 
A recent systematic review, involving 17 studies, investigated the relationship 
between anthropometric measures (i.e. height and weight) and dental caries in 
children (Li et al., 2015).  A meta-analysis was not possible due to the disparity 
in caries detection methods and the anthropometric measurements used.  Two 
of the included observational studies found that higher caries experience was 
associated with negative effects on children’s growth.  However, one-third of 
the included studies found no significant relationship between anthropometric 
measurements and caries and more than one-quarter found conflicting data.  
The authors concluded that the evidence for a relationship between growth, 
weight and caries was inconclusive.  They also recommended that, in order to 
be able to assess this relationship future research should ensure that caries 
data are collected in a standardised format by trained and calibrated 
examiners and that a full range of anthropometric measurements are recorded.  
In addition, longitudinal cohort studies were recommended so that 
associations could be accurately assessed throughout the period of children’s 
growth (Li et al., 2015).  
 
The relationship between obesity and dental caries was recently explored in a 
systematic review and meta-analysis (Hayden et al., 2013).  Fourteen studies 
were included and there was found to be a small overall association between 
obesity and caries in the permanent dentition, but not in the primary dentition.  



 15 

There was also a significant relationship between obesity and dental caries in 
industrialised countries but not in newly industrialised countries. Concurring 
with the systematic review by Li and colleagues (2015), the authors also found 
disparities between the methods of quantifying obesity and the way in which 
caries experience was measured, thus making it more difficult to compare the 
included studies. 
 
Another systematic review of the literature examining the relationship 
between body mass index (BMI) and caries included 48 studies (Hooley et al., 
2012).  One study found both positive and negative correlations between 
dental caries and BMI.  Twenty-one studies found no association between BMI 
and caries, 16 a positive relationship and nine an inverse relationship.  One 
study found a U-shaped pattern or a difference between age cohorts.  Some 
interesting observations emerged from these different studies:  

• Studies which found a positive association between BMI and caries, used 
methods which allowed more accurate detection of dental caries, whereas 
those who found negative correlations used field techniques, which may 
have underestimated caries prevalence 

• Positive associations were more likely to be found in highly developed 
countries 

• Studies where a higher prevalence of caries were found were significantly 
more likely to find an inverse relationship between BMI and caries 

• Underweight participants were underrepresented in those studies which 
found positive associations compared with those which found inverse or 
no relationship 

The authors concluded that dental caries is associated with both high and low 
BMI and that the precise nature of the associations remains unclear but 
appears to be non-linear. They also recommended that future studies should 
examine longitudinal outcomes for children with early childhood caries into 
adolescence and early adulthood, to further assess these associations (Hooley 
et al., 2012). 
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It is apparent from these studies, that there is no predictable effect of caries on 
weight and height as other factors such as age and socioeconomic factors come 
into play. However, it is clear that obesity and caries also have common risk 
factors.  There was an inverse relationship with BMI in samples with high 
levels of caries, which may be attributed to the impacts on eating as discussed 
in Section 2.2.2.  This may also explain increases in BMI that have been noted 
following dental treatment for dental caries in underweight children (Acs et 
al., 1999; Monse et al., 2012).  Future longitudinal studies may be able to assess 
why these contrasting relationships are found, enabling targeting of specific 
interventions according to risk. 

 

Iron-deficiency anaemia 
Iron deficiency is the most common nutritional deficiency worldwide and is 
associated with poor health and nutrition (World Health Organization, 2008).  
As such, it would not be surprising to find iron deficiency in children with 
dental caries who may have difficulty eating a varied diet compounded with 
ongoing chronic infection.  The detection and correction of iron deficiency is 
particularly important in children as it can impair their physical and mental 
development (World Health Organization, 2007a). 
 
A recent case-control study based in Canada recruited 122 children without 
caries and 122 with severe early childhood caries (S-ECC) with a mean age of 
40 months (Schroth et al., 2013).  S-ECC is defined by the American 
Association of Pediatric dentistry as follows:  

“Under 3 years of age, any sign of smooth-surface caries is indicative of 
severe early childhood caries (S-ECC). From ages 3 through 5, 1 or more 
cavitated, missing (due to caries), or filled smooth surfaces in primary 
maxillary anterior teeth or a decayed, missing, or filled score of ≥4 (age 
3), ≥5 (age 4), or ≥6 (age 5) surfaces constitutes S-ECC.” 

 
 Mean ferritin concentrations did not differ significantly between the groups, 
however, children with caries had significantly lower mean haemoglobin 
levels than the controls.  Children with caries were also more likely to have 
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lower ferritin levels than the controls.  Children with caries accounted for 92% 
of those who were classified as iron deficient, having both low ferritin and 
haemoglobin levels. Overall, around one third of the children had iron 
deficiency anaemia, of which 92% were children with caries.  Regression 
analysis showed that children with caries were more than six times more likely 
to have iron deficiency anaemia, than those without caries. 
 
These findings concur with those of another Canadian study conducted by 
Clarke and co-workers (2006) who examined a group of children aged 2-6 
years with S-ECC.  Several tests were performed to ascertain whether these 
children were suffering from malnourishment. Low serum ferritin was found 
in 80% of the children, with iron deficiency identified in 11%.  This prompted 
the authors to suggest that any child with S-ECC should have an assessment of 
iron levels, as although many of the children in this study had BMI, height, 
weight and body fat within normal limits, 80% were actually suffering from 
iron deficiency (Clarke et al., 2006). 
 
In the UK, Rodd and Blankenstein (1995) examined pre-operative 
haemoglobin, mean cell volume and red cell porphyrin in 109 children aged 6 
years or under who attended for dental extractions under general anaesthesia.  
It was found that there was no statistically significant difference between 
anaemic and non-anaemic children with regard to sex and social class.  
However, a significantly higher number of extractions had been prescribed for 
children with anaemia indicating that anaemic children had a higher caries 
experience overall (Rodd and Blankenstein, 1995).   
 
There does, therefore appear to be an association between iron deficiency 
anaemia and dental caries, although this is likely to be similar to general 
growth and development, in that the aetiology is multifactorial.  An awareness 
of the potential for children with caries to have iron deficiency anaemia is 
important to prompt appropriate haematological investigations and any 
deficiencies to be rectified as soon as possible to minimise ongoing 
developmental problems.   
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The next section will focus on the impact of caries on children’s everyday lives 
by identifying the psychosocial aspects which may be involved.  These aspects 
have been captured predominantly by the assessment of oral health-related 
quality of life (OHRQoL) using a variety of measures. 

Oral health-related quality of life  
OHRQoL concerns assessment of oral symptoms, functional limitations, social 
and emotional wellbeing associated with oral conditions and will be discussed 
in further detail in Section 4.6. It is generally determined by administering 
questionnaires to proxies or to children for self-report.  Existing questionnaires 
are generic (i.e. they are designed to cover a range of oral health conditions) 
and some have been adapted from adult measures.  This section will assess the 
psychosocial aspects reported by these measures and associations between 
dental caries and these impacts.  

Psychosocial impacts  
A number of different questionnaires have been used to assess psychosocial 
impacts.  However, this section will focus only on those which are designed 
for self-report, to ensure that only impacts reported by children themselves are 
described.  The most frequently used measures will be described in detail in 
Section 4.6. 

Child Perceptions Questionnaire 
The Child Perceptions Questionnaire (CPQ) has been widely used in clinical 
and non-clinical paediatric populations and children with dental caries have 
been found to have significantly higher total scores to those without caries 
(Foster Page et al., 2005; Foster Page et al., 2008; Koposova et al., 2012; Martins-
Junior et al., 2012b; Paula et al., 2012a).  Children with caries have also been 
found to have significantly different scores to those without caries in some or 
all of the domains (Do and Spencer, 2007; Goursand et al., 2008; Koposova et 
al., 2012; Martins-Junior et al., 2012b; Paula et al., 2012a).  Positive correlations 
have been found between the overall score and number of carious teeth  
(Jokovic 2002, Jokovic 2004, Aguilar-Diaz, 2011, Foster-Page 2012).  However, 
this finding has been disputed by other investigators who have reported no 
correlation or no statistically significant association with clinical caries data 
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(Marshman et al., 2005; Robinson et al., 2005; Brown and Al-Khayal, 2006; 
Gururatana et al., 2011; Kolawole et al., 2011).   

Child Oral Impacts on Daily Performances  
Studies which have used the Child Oral Impacts on Daily Performances index 
(C-OIDP) have found that children with dental caries frequently report 
functional impacts such as difficulty eating, drinking and pain when brushing 
teeth (Pau et al., 2008; Krisdapong et al., 2012c; Basavaraj et al., 2013; 
Krisdapong et al., 2013a; Naidoo et al., 2013). Furthermore, children who have 
reported toothache in the previous three months have been found to have 
significantly higher scores than those without (Yusof 2012, Castro 2011, 
Mbwalla 2011) and are more likely to report impacts than those who do not 
have dental caries (Krisdapong et al., 2013a). Children with caries also report 
impacts related to smiling, playing, difficulty sleeping or relaxing, emotion 
and schoolwork (Pau et al., 2008; Krisdapong et al., 2012c). 
 
The 2013 Children’s Dental Health Survey also used the C-OIDP to assess 
OHRQoL in 12- and 15-year-olds (Tsakos et al., 2015). Over half (58%) of 12-
year-olds and 46% of 15-year-olds reported at least one impact from their oral 
health over the preceding three months, although it should be noted that many 
of these children did not have caries.  Therefore it was not surprising that the 
most frequently chosen impact was “being embarrassed to smile or laugh” 
which is more likely to relate to their perceived malocclusion, than to caries. 
However, the next most frequently reported impact was “difficulty eating” 
which may have been associated with dental caries.  

Child Oral Health Impact Profile (COHIP) 
Where the Child Oral Health Impact Profile (COHIP) has been used to 
determine the impact of caries on OHRQoL, significant correlations have been 
found between dental caries and the overall score (Broder and Wilson-
Genderson, 2007; Ahn et al., 2012; Asgari et al., 2013).  In addition, significant 
associations have been found between caries and the oral health, functional 
wellbeing, social/emotional wellbeing and self-image domains (Broder and 
Wilson-Genderson, 2007; Ahn et al., 2012).   However, relatively few studies 
using COHIP have been conducted to date. 
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Scale of Oral Health Outcomes (SOHO-5) 
In common with the other OHRQoL measures, the impacts which were most 
frequently reported using SOHO-5 were associated with eating and sleeping 
(Tsakos et al., 2012; Abanto et al., 2014).  Children also reported impacts 
related to smiling, playing and speaking (Tsakos et al., 2012; Abanto et al., 
2014).  Children with caries experience, current or previous toothache, pulpal 
involvement and with sepsis had significantly higher mean scores than those 
without these presentations (Tsakos et al., 2012; Abanto et al., 2013a; Abanto et 
al., 2014).	

Studies using other measures 
A study carried out in Brazil compared 4-year-old children with no caries with 
those with S-ECC to assess how they felt about their teeth.  The children were 
asked how they felt about their teeth by showing them a drawing of a happy 
child and a sad child. When the children were asked if they felt happy or sad 
about their teeth, 34% (n=26) of the S-ECC group reported that they were sad 
about their teeth compared with 22% (n=49) in the caries-free group.  An odds 
ratio found that the probability of children with caries feeling sad about their 
teeth was significantly higher than for those without caries (Feitosa et al., 
2005).  While this study attempted to involve young children, it is not clear 
whether the simple measure used by the investigators actually assessed 
OHRQoL or some other construct. 
 
Similar findings were reported in a USA based study which aimed to 
investigate the relationship between children’s oral health and their OHRQoL 
and to evaluate their smiles (Patel et al., 2007). Ninety-nine patients, aged 4-12 
years, watched a cartoon while they were filmed and then completed a 
modified Michigan Oral Health Related Quality of Life Scale-Child version, 
with questions related to smiling. The children’s smiles were analysed to 
assess the degree of mouth opening and the number of teeth shown during 
smiling.  The investigators found a clear relationship between children’s oral 
health status and their smiles as assessed by the children, their parents and an 
independent objective examiner.  Children with caries experience rated their 
smiles less positively than those with no caries. The independent assessment 
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revealed that children with no caries experience showed more teeth while 
smiling.  However, one limitation of this study was the lack of detail regarding 
the extent of caries in the anterior teeth.  

Association between reported impacts and clinical status 
In summary, there have been conflicting findings regarding any associations 
with clinical status where CPQ has been used. Others have found weak 
correlations between clinical indicators and OHRQoL scores in adult 
populations (Cushing et al., 1986; Locker and Slade, 1994).  It has been 
postulated that it may be difficult for OHRQoL measures to assess impacts in 
children with relatively low levels of disease or that there are other factors 
which may mediate the impacts such as socioeconomic status, cultural 
differences and general health (Locker, 1992; Locker and Slade, 1994; 
Marshman et al., 2005; Cunnion et al., 2010).  Using DMFT as the measure of 
dental caries may be less sensitive than other methods such as ICDAS, as 
discussed in Section 2.2.1.  However, it is likely that many of the impacts 
associated with dental caries would be associated with more extensive disease, 
such as that which is cavitated, which would be routinely collected as part of 
DMFT.  However, it would be more informative if studies reported what 
proportion of DMFT was attributed to the “D” component, as this would give 
an indication of the level of active caries in the population.  As existing 
measures of OHRQoL for children are generic, and were not designed to be 
used solely in populations with dental caries, it may be that they are unable to 
discriminate adequately in these specific populations.  Therefore a disease-
specific measure may be more sensitive to identifying impacts associated with 
dental caries and have stronger correlations with clinical data. 
 
It is however clear that dental caries may have a variety of impacts on 
children’s everyday lives and their general health and wellbeing.  Therefore it 
is important to ensure that these psychosocial aspects are considered along 
with functional aspects and pain, when assessing the overall impact of dental 
caries.  While there are a number of questionnaires available to assess 
OHRQoL, these have been developed in a variety of ways and used in 
different settings.  Furthermore, it is not clear if they have been validated in all 



 22 

of the populations in which they have been used. A systematic review of these 
child self-report OHRQoL measures to evaluate the ways in which they were 
developed and their psychometric properties is thus indicated.  

2.2.3 Impact	on	society	

In addition to the impact on the individual, caries may also impact on society.  
This may have direct societal impacts such as the costs associated with 
providing treatment, as well as indirect costs stemming from children’s 
absences from school which requires parents to take time off from work.  As 
school absences were covered in 2.2.2, this section will focus on data related to 
cost.  
 
Very little data exist regarding the cost of treating dental caries in children in 
the UK and, that which does exist, mainly pertains to treatment under GA.  
Some data are available for other countries (Australia, USA, the Netherlands)  
which are discussed in this section, although this is also limited.  These relate 
mainly to the cost of emergency attendances and admission to hospital and 
therefore underestimate the total costs. 
 
A recent study did however evaluate the cost-effectiveness of three different 
interventions over a 3-year period in the Netherlands (Vermaire et al., 2014).  
The mean cost to the health care service was €90 for the non-operative caries 
treatment and prevention arm (NOCTP), €120 for the increased professional 
fluoride application programme (IPFA) and €85 for regular dental care.  The 
associated time and travel costs to the family were €227, €356 and €213 for the 
NOCTP, IPFA and regular care arms respectively.  These children had low 
levels of caries and may therefore not reflect the costs associated with treating 
children with more extensive caries experience, but do offer some insights into 
the costs associated with attending for regular dental care. 
 
Nalliah and colleagues (2010) reported figures from the USA based on a total 
of 120,033,750 attendances to emergency departments, 330,757 were attributed 
to dental caries.  Children accounted for 24,982 of these visits, of which the 
majority (99.59%) were not admitted for further care.  The approximate cost of 
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this was $667.48 per child, which equated to $14.33 million (Nalliah et al., 
2010). 
 
A five-year service review was performed in Western Australia to ascertain the 
reason for paediatric hospital admissions for orofacial conditions and to 
estimate the costs associated with this treatment (Kruger et al., 2006).  Dental 
caries accounted for 28.3% of all cases with costs of $10 million Australian 
Dollars, with the highest admission figures seen for pre-school children.  
Furthermore, conditions of the pulp and periapical tissues accounted for 7.1% 
of admissions with associated costs of $2.4 million Australian Dollars. 
 
In the UK, the majority of children are seen for regular dental care by a general 
dental practitioner within primary care settings.  The cost of this care is 
provided by the NHS for those under 18 years of age or 19 years of age when 
in fulltime education.   Sheffield has a higher proportion of children (75.9%) 
accessing general dental care when compared with the national average 
(69.1%) (Public Health England, 2015). However, there are inequalities with a 
smaller proportion of children from areas with higher deprivation accessing 
general dental care than those from more affluent areas in South Yorkshire 
(Public Health England, 2015).  Primary dental care is also provided at Charles 
Clifford Dental Hospital in Sheffield and its associated outreach clinics (where 
the majority of care is provided by dental students).   These outreach clinics 
include general dental practices and salaried dental services clinics. 
  
Access to specialist paediatric dentistry services varies around England with 
some areas having no dedicated paediatric dentistry specialists (British Society 
of Paediatric Dentistry, 2015).  Children with extensive dental caries, dental 
anxiety and those who require management of complex dental conditions may 
be referred from primary care to specialist services for treatment.  Children 
with caries account for a large proportion of these referrals and may 
subsequently require treatment under general anaesthetic.  Outpatient 
paediatric dentistry services in Sheffield cost £ 937,398  in 2013/14, however 
this figure does not cover the cost of treatment provided under GA (Public 
Health England, 2015). 
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In the UK, approximately 45,000 children aged up to 16 years were admitted to 
hospital in 2013-2014 with a diagnosis of dental caries, making caries the most 
common reason for children to have an admission to hospital (Hospital 
Episode Statistics, 2015).  The estimated costs of treatment for children under 
18 years of age requiring extractions as hospital admissions in 2013-2014 was 
cited as approximately £37 million (Department of Health, 2014).  In Sheffield, 
1495 children underwent hospital admission in 2013/14, the majority of which 
is likely to be related to the treatment of dental caries (Public Health England, 
2015). 
 
The number of hospital admissions for emergency and elective procedures for 
the treatment of dental caries is costly and figures quoted relate only to the 
cost of the treatment provided.  They do not take into account the financial 
cost for parents of attending these visits, such as travel costs and time taken off 
work.  Nor do they take account of appointments in primary care or outpatient 
attendances which are inevitable before the child is finally admitted to 
hospital.  The number of children referred to specialist services for the 
management of caries appears to be increasing in some areas (British Society of 
Paediatric Dentistry, 2015).  Due to cuts in NHS budgets, there is insufficient 
capacity to manage the burden of disease, especially in young children.  
Therefore there is a gross underestimation of the true cost related to the 
management of dental caries in children. It is clear, that caries does have an 
impact on society given the large numbers of children who are being admitted 
to hospital for treatment of dental caries. There are significant costs for the 
health service and to the economy where parents may be absent from the 
workplace on multiple occasions.  

2.2.4 Prevention	and	treatment	

The final criterion proposed by Sheiham and Watt (2003) relates to whether the 
disease is preventable and whether effective treatments are available.  This 
section will briefly discuss the prevention of dental caries and clinical 
effectiveness of the various approaches which can be used to treat the disease 
in children. 
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Prevention of dental caries 
Prevention of dental caries is achieved by optomising exposure to fluoride, 
reducing frequency of sugar exposure by improving diet and protecting 
vulnerable tooth surfaces.  This can be achieved by encounters with 
individuals or as part of community or population based public health 
measures. Both “Delivering Better Oral Health” and the Scottish Intercollegiate 
Guideline Network (SIGN) give evidence-based prevention strategies which 
can be employed and are supported by UK commissioning guidelines 
(National Institute for Health and Care Excellence, 2014; Public Health 
England, 2014b; Public Health England, 2014d; Scottish Intercollegiate 
Guidelines Network, 2014). 

Optimising fluoride 

Fluoride toothpaste 
Ensuring children are using the appropriate strength of fluoride toothpaste 
twice daily can reduce the incidence of dental caries. A Cochrane systematic 
review, based on 75 studies, investigated the effects of different strengths of 
toothpaste in the prevention of dental caries in children and adolescents 
(Walsh et al., 2010).  This review found that the preventive effect of fluoride 
toothpaste increased with increasing fluoride concentration.  Although not 
statistically significant, it was found that the preventive effect increased with 
higher caries experience at baseline and with supervised brushing.  Overall, 
the benefit of using fluoride toothpaste in preventing caries was seen when 
compared to a placebo, however this was only significant when the fluoride 
concentration was greater than 1000 parts per million (ppm).  
 
An earlier systematic review also demonstrated the caries-protective effect of 
toothbrushing with a fluoride toothpaste increases with higher frequency of 
use (Marinho et al., 2003).  
 
Other behaviours which may influence the effect of fluoride include brushing 
last thing at night as this allows fluoride concentrations to remain high during 
the night.  Not rinsing following toothbrushing has also been found to be 
associated with decreased caries increment compared to those who do rinse 
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following brushing (Chesters et al., 1992). These findings form the basis of the 
advice provided by SIGN and the Public Health England, who recommend 
that children should brush last thing at night and at one other time.  Those 
under three years of age should use a toothpaste containing at least 1000 ppm 
and older children using a toothpaste containing 1500ppm unless a caries-risk 
assessment indicates a higher concentration should be prescribed (Public 
Health England, 2014b; Scottish Intercollegiate Guidelines Network, 2014).  
 
Access to fluoride toothpaste can be improved by the implementation of 
nursery and school supervised toothbrushing schemes, such as those provided 
in Scotland and Wales (Welsh Assembly Government, 2008; Macpherson et al., 
2010).  In Scotland, where this programme has been in place since 2006, 
reductions in the prevalence of caries and dental inequalities have been seen 
which have been attributed to the national roll-out of nursery toothbrushing 
programmes (Macpherson et al., 2013).  
 

Fluoride varnish 
There are other vehicles which can also be used to deliver fluoride. Topical 
fluoride varnish, at a concentration of 22,600ppm, has been shown to reduce 
the incidence of caries (decayed missing and filled surfaces), with a pooled 
prevented fraction of 37% in the primary dentition and prevented fraction of 
43% in the permanent dentition as reported in the most recent systematic 
review (Marinho et al., 2013).  This review showed that four applications per 
year did not significantly decrease caries incidence in children when compared 
to application twice yearly, therefore it is recommended that fluoride varnish 
should be applied at least twice yearly (Public Health England, 2014b; Scottish 
Intercollegiate Guidelines Network, 2014).  The advantages of fluoride varnish 
are that it is generally well accepted and can be applied by all members of the 
dental team where adequate training has been provided.  

Water fluoridation 
Another vehicle for delivering fluoride is by fluoridation of the water supply.  
Water fluoridation has been successfully used in many countries; however, 
strong opposition remains in the UK despite the absence of evidence to 
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support any detriment to general health.  A systematic review of the available 
evidence was conducted and demonstrated that water fluoridation did result 
in a decrease in caries incidence and that a median of six people would need to 
drink fluoridated water to render one individual caries-free (McDonagh et al., 
2000).  This report did not find any evidence to support claims of increased hip 
fractures or cancer, but there was insufficient evidence to investigate other 
potential health problems.  The available evidence did show a dose-response 
effect with dental fluorosis, estimating that water fluoridation at a level of 
1ppm would result in a prevalence of fluorosis of 48%, with 12.8% being of 
aesthetic concern.   The report concluded that there was a paucity of high 
quality research in this area, which is surprising given the interest in water 
fluoridation as a public health measure.  Furthermore the Medical Research 
Council, UK, recommended that further research was required to ascertain the 
effect of water fluoridation on outcomes such as dental pain and number of 
extractions required, rather than just relative differences in caries experience 
between children living in areas with fluoridated and non-fluoridated water 
supplies (Medical Research Council, 2006). 

Diet  
Lowering the frequency and quantity of sugar intake can decrease the 
incidence of caries in children. A recent systematic review, performed to 
inform the World Health Organization’s (WHO) guidelines, included 50 
studies which had assessed the relationship between sugar intake and dental 
caries in children (Moynihan and Kelly, 2014).  Of the fifty studies, 42 studies 
reported at least one positive association between caries and sugar intake. 
Pooling of data from cohort studies produced a risk ratio of 7.15 when 
comparing caries prevalence in high and low sugar intake groups.  In addition, 
analysis of included studies of moderate quality demonstrated a reduction in 
caries incidence when sugar consumption was less than 10% of the total 
energy intake. The authors concluded that there was consistent evidence to 
support a relationship between sugar intake and the development of dental 
caries and that these effects were lifelong.  Dietary advice should promote both 
general and oral health and advocate the reduction in the frequency of intake 
of sugar and avoidance of sugary drinks at bedtime and during the night. The 
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provision of a diet diary can help to give tailored advice to parents and 
children regarding dietary modifications which can be made to decrease the 
cariogenic potential of their diet (Public Health England, 2014b).  However, it 
should be noted that a systematic review investigating the effect of dietary 
advice demonstrated that it is difficult to change dietary habits without the 
addition of behaviour changing techniques (Greaves et al., 2011).  To date, 
there have been no studies which have identified the most appropriate 
behavior changing techniques for use in oral health (Asimakopoulou and 
Newton, 2015).  A complicating factor in changing dietary habits in children, is 
that they are not responsible for providing their own food and therefore 
behaviour change has to be tailored to the whole family. The WHO has 
recently released guidance on reducing free sugar consumption to below 10% 
of daily energy intake and this will impact on future government policy and 
perhaps help families to reduce their sugar intake (World Health 
Organization, 2015a).  

Fissure sealants 
Fissure sealants (sealants) have been used to protect the occlusal surfaces of 
molar teeth for over 50 years and can be resin or glass ionomer based.  A 
systematic review of the efficacy of sealants in permanent teeth found that 
children with resin-based sealants were less likely to have caries in their 
permanent molars than those with no sealants (Ahovuo-Saloranta et al., 2013).  
Meta-analysis of nine studies included in this review was highly significant for 
prevention of caries in first molar teeth at 12, 24, 36 and 48-54 months post-
sealant placement.  Despite the established benefit of sealants, only 7% of 8-
year-old children in England were found to have sealants present in the most 
recent Child Dental Health survey.  This was much lower than the proportion 
of children with sealants in both Wales and Northern Ireland (24% and 34% 
respectively) where public health initiatives encourage their placement (Pitts 
et al., 2015). 

Upstream actions 
In order to create sustainable improvements in oral health, there should be a 
focus on addressing the determinants of oral health (Watt, 2007).  This requires 
oral health strategies to be implemented alongside other health interventions 
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using a common risk factor approach.  Healthy public policies, legislation and 
fiscal measures can be used to promote health (Watt, 2007).  An example of 
this is Tobaccco Control where policies to regulate the tobacco industry and 
introduce legislation to limit the environments where people can smoke have 
been used in conjunction with information targeted at individuals who smoke 
(World Health Organization, 2014).  A similar model could be adopted to 
encourage better oral health.  This could include tighter regulations on the 
food industry including a need for clear nutritional labeling or television 
advertising during children’s programming and ensuring that nurseries, 
schools and hospitals are supported to provide food which complies with 
nutritional standards (Watt, 2007).  A number of these initiatives have been 
implemented in the UK, such a nutritional standards for schools and children 
being allowed drinks with no-added sugar during the school day (Long, 2015).  
However, there have been difficulties with regulation of food labeling in the 
UK with a number of different types being used making it difficult for 
consumers to know which products to choose (Malam et al., 2009). 
 
In summary, there are several effective modalities available to help prevent 
caries and evidence that dietary modification is of benefit.  However, children 
are reliant on their families to provide appropriate fluoride toothpaste, to 
encourage twice daily toothbrushing, to modify their diets and to access dental 
services.  Population-based schemes may therefore help to reduce the 
influence of social inequalities on the prevalence of caries when combined 
with upstream actions.   

Treatment of dental caries 
The evidence-base for the restoration of carious primary teeth is sparse and 
conflicting.  Some retrospective studies in the UK have reported no benefit in 
restoring primary teeth as a high proportion of the restorations placed are lost 
and many carious teeth appear to exfoliate naturally without adverse effects 
(Tickle et al., 1999; Tickle et al., 2002; Levine et al., 2003).  However, the 
majority of restorations placed in these studies were with glass ionomer 
cement, which has been shown to have decreased longevity when compared 
with other materials (Chadwick and Evans, 2007).  More recently, a cohort 
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study involving 2654 children found that restored carious primary teeth were 
less likely to be subsequently extracted than those that remained unrestored 
(Stephenson et al., 2010).  Despite this finding, dental caries in the primary 
dentition remains largely untreated in the UK (Public Health England, 2012).  
The lack of an evidence-base for the most effective treatment for young 
children with caries may be a contributing factor to this non-restorative 
approach. 
 
Preformed metal crowns (PMCs) have, however, been shown to outperform 
conventional intracoronal restorations in the primary dentition and are 
recommended by specialist society guidelines (Randall, 2002; American 
Association of Pediatric Dentistry, 2008; Kindelan et al., 2008).  However, 
barriers such as lack of training and a desire not to administer local anaesthetic 
have previously been identified which may account for low provision of these 
in primary care (Threlfall et al., 2005; Chadwick et al., 2007). More recently, a 
randomised controlled trial investigating the success of a non-invasive method 
of placing PMCs (the Hall technique) has shown better clinical outcomes for 
PMCs than conventional restorations in primary care (Innes et al., 2007; Innes 
et al., 2011).  Children’s perspectives were sought regarding which treatment 
they preferred, but OHRQoL was not measured (Innes et al., 2007). Any 
reduction in OHRQoL impacts following treatment with the Hall technique 
has not yet been assessed.  However, children generally expressed a preference 
for the Hall technique crown over the conventional restoration.  Other studies 
have found similar clinical outcomes when comparing conventionally 
prepared PMCs and those placed using the Hall technique (Ludwig et al., 
2014).  As the procedure is non-invasive, it is hoped that there will be wider 
provision of this treatment in primary care in the future. 
 
Further evidence may emerge as to the most clinically effective treatment in 
the primary dentition as a multi-centre randomised trial (FiCTION) is 
currently in progress.  This study is investigating the effectiveness of different 
treatment options (prevention alone, biological approaches and conventional 
restorations) in young children (aged 4-7 years) in a primary care setting 
(Innes et al., 2013).  As such, the findings of this trial are likely to have national 
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and international significance in future planning of dental care for young 
children.  The primary outcome measure is pain, with OHRQoL as a 
secondary outcome measure.  Unfortunately, OHRQoL will be assessed using 
a proxy measure, as there is currently no existing measure suitable for this age-
group, therefore the child’s perspective will not be fully explored (Innes et al., 
2013).   
 
Management of dental caries in children may sometimes require treatment 
under GA, especially in young children where dental caries affects several 
quadrants.  Although treatment of the disease may have positive outcomes it 
is associated with post-operative morbidity and anxiety (Bridgman et al., 
1999).  Studies have tended to focus on functional outcomes following surgery, 
with little examination of the patient experience (Low et al., 1999; Hosey et al., 
2006).  Indeed, a recent systematic review found only 11 studies which had 
compared children’s OHRQoL following oral rehabilitation under GA.  
Furthermore, studies had used a variety of different measures, none of which 
had been completed by the child (Jankauskiene and Narbutaite, 2010). Similar 
findings were reported in another systematic review, where only nine studies 
were included which had used validated measures of OHRQoL (Antunes et 
al., 2013). Of those which had investigated oral rehabilitation under GA, none 
included child-self report. There is therefore, a lack of evidence regarding the 
effectiveness of comprehensive dental care (i.e. restorations and extractions) or 
extractions only under GA from the child’s perspective.  A tool to evaluate 
these outcomes would be particularly useful, as comprehensive care GA 
services are being withdrawn in some areas and evidence demonstrating the 
positive outcomes of this type of treatment may help prevent future service 
loss. 
 
Dental caries can be treated in a number of ways, however, to date studies 
have focused on clinical outcomes and there has been little exploration of 
patient-reported outcomes of these interventions. Inclusion of children’s 
perspectives of treatment would greatly aid the evaluation of the effectiveness 
of different interventions.  Future research is required to ascertain the 
longitudinal effects of dental treatment on reducing the impacts of dental 
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caries from the child’s perspective, as well as the clinical and cost-effectiveness 
of different treatment modalities.  

2.3 Summary	

Comparing the available evidence against the criteria proposed by Sheiham 
and Watt (2003), dental caries appears to meet all four criteria.  There is a high 
prevalence of caries both in the UK and globally.  There are associations with 
deprivation and caries can have severe physiological consequences such as the 
development of sepsis.  It is also clear that dental caries can have a number of 
other impacts on the individual.  These include pain, functional limitations 
such as impacts on eating, sleeping and speaking as well as effects on 
children’s emotional status, social wellbeing, general development and school 
performance.  Dental caries is preventable and treatable, although there is little 
evidence regarding the relative effectiveness of different treatment modalities 
clinically or from the child’s perspective.  Therefore, it can be concluded that 
caries has an impact on society and on the individual and can be considered a 
disease of public health significance.   
 
Further exploration is required of the psychosocial impact of the disease and 
its treatment from the child’s perspective.  A number of different generic 
OHRQoL measures have been used to assess the impacts of caries, however, 
these may not be sensitive enough to measure impacts related solely to caries. 
A caries-specific measure suitable for young children would be of benefit in 
any future trials investigating the prevention or treatment of dental caries, to 
ensure changes in the impact of caries on children’s daily lives are fully 
assessed.
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Chapter Three	

Aims	and	Objectives	

3.1 Rationale	

The previous chapter described the prevalence and reported impact of dental 
caries and its public health significance.  The narrative review provided 
evidence of dental caries as a disease of public health significance.  Despite 
this, there is a surprising paucity of research investigating the impacts of the 
disease from the child’s perspective.  In addition to impacts reported which 
may influence general health and development, there have also been a number 
of impacts described which affect children’s everyday lives.  These aspects 
have been assessed using a number of different generic OHRQoL measures, 
which may or may not have been appropriately validated in the populations in 
which they have been used.  Although one review of OHRQoL measures 
briefly assessed the content and validation of one of these measures (CPQ for 
11-14-year-olds), there has been no robust review of the development process 
and psychometric properties of these measures against existing criteria (Locker 
and Allen, 2007). 
 
All of the existing measures of OHRQoL for children are generic and therefore 
may not be sensitive enough to the impacts associated specifically with dental 
caries.  Development of a measure specifically for this disease is warranted 
given the prevalence of the disease in children and the lack of evidence to 
support the most effective treatment from the child’s perspective.  Indeed, a 
large multicentre trial (FiCTION) investigating different treatments for dental 
caries in young children, does not include a patient-reported outcome measure 
(instead relying on proxy report) due to the lack of a suitable measure for this 
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age group (Innes et al., 2013).  Understanding effectiveness from the child’s 
viewpoint will ultimately allow us to tailor our oral health promotion 
programmes and treatment plans to provide both the most clinically effective 
and child-centred interventions.   
 
However, in order to develop such a measure, we need to understand what 
impacts are important to children with caries.  No studies were identified in 
the narrative review which have investigated the language and impacts 
children themselves describe.  Rather, the impacts that have been reported are 
children’s responses to lists produced by adults using adult terminology.  It is 
conceivable that despite the experience of adult “experts”, there are impacts 
which are important to children which have not been described due to this 
lack of qualitative enquiry.  In addition, children may use different 
terminology than adults and therefore may respond negatively to a question if 
they do not know or understand the words used.  It is therefore important that 
we ascertain what impacts are important to children with caries, so that we 
can truly understand the impact of the disease and determine whether 
treatment actually reduces these impacts. 

3.2 Aim	and	objectives	

The aim of this research is to develop a child-centred, caries-specific measure 
of OHRQoL. 
 
The specific objectives to fulfill this aim are to: 
1. Perform a review of the most commonly used self-report measures of 

OHRQoL for children against existing criteria, to assess strengths and 
weaknesses which will aid the development of the new measure; 

2. Explore, through qualitative methods, the impacts of dental caries on 
children; 

3. Involve children in the design and content of the measure to ensure that it 
is meaningful and relevant to them; 

4. Test the measure for validity, reliability and responsiveness using modern 
psychometric techniques and existing criteria. 
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To fulfill the aim and satisfy the objectives, the research will consist of three 
interlinked studies. The first study will present a systematic review of the most 
commonly used self-report measures of OHRQoL for children against existing 
criteria and will satisfy Objective One.  The second study will use qualitative 
methods to investigate the impacts of caries from the child’s perspective.  
These impacts will form the basis of the items for the measure.  Further child-
centred methodologies will be used to select the final items for inclusion in the 
measure, to choose the design of the measure and to test face and content 
validity.  This study will be conducted to meet Objectives Two and Three.  The 
final phase of the research will test the measure longitudinally, in a group of 
children with active dental caries before and after treatment, using modern 
psychometric techniques.  This study will fulfill Objective Four. 
 
There are a number of methodological considerations which should be taken 
into account when performing this type of research.  These will be described in 
detail in Chapter Four. 
 
 
 
  



 36 

 

Chapter Four	

Methodological	considerations	

Involving children in research requires consideration of a number of specific 
methodological, sociological and ethical issues.  In addition, there are several 
methodological matters to appraise when developing measures to assess 
OHRQoL. 

4.1 Chapter	outline	

This chapter will discuss: 
1. The sociology of childhood, involvement of children in research and the 

ethical issues which may arise in this type of research; 
2. Children’s descriptions of pain and illness and how these may differ from 

those of adults; 
3. The concept of health-related quality of life and guidance on how to 

construct measures of health-related quality of life; 
4. The development and validation of the most commonly used self-report 

measures of OHRQoL for children. 

4.2 Position	of	children	in	society	

Over the last three decades, there has been a shift in conceptualisation of 
childhood.  Social researchers have changed the focus from seeing children as 
immature and incomplete, to an appreciation that children are not incomplete 
adults but competent social actors who are actively involved in shaping their 
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own social worlds (James et al., 1998).  Furthermore, there has been a growing 
appreciation of children’s rights, especially with regard to decision-making, 
following the publication of the United Nations Conventions on the Rights of 
the Child 1989; Children Act 1989; the Children and Young People (Scotland) 
Act 2014, and the Children (Northern Ireland) Order 1995 (Parliament, 1989; 
United Nations, 1989; Parliament, 1995; Scottish Parliament, 2014). 
 
Recent UK health and social care policies have reflected these changes and 
advise inclusion of children’s views in research, audit and service 
development.  The publication of the National Service Framework for 
Children in 2004, aimed to achieve a change in the way health services were 
developed and promoted a move away from a disease-centred to a child-
centred approach, creating a healthcare system designed around children’s 
needs (Department of Health, 2004).  Quality criteria were suggested for 
children’s services and the need for shared decision-making with children and 
families was advocated.  Following this, the Department of Health further 
promoted the involvement of children in all aspects of their medical care in the 
publication of “Achieving Equity and Excellence for Children” and  “You’re 
Welcome” (Department of Health, 2007; Department of Health, 2010).  These 
papers encourage healthcare providers to listen to children and young 
people’s opinions regarding their treatment.  Recommendations are made for 
young-people friendly services including the development of age-appropriate 
information materials, to enable children and young people to make informed 
choices regarding their care.  The NHS Confederation reiterated these points in 
their publication, stating that such engagement with children should be 
embedded within the culture and be part of the day-to-day activity of health 
professionals (NHS Confederation, 2012). 

4.2.1 Constructions	of	childhood	

In trying to understand childhood, researchers have postulated both 
psychological and sociological theories. 
 
Psychological theories include five main approaches: physiological; 
psychodynamic; behavioural; humanistic, and cognitive.  The most important 
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of these is cognitive theory, which proposes a four-stage model of child 
development (Piaget and Inhelder, 1969).  This theory is useful when 
considering which research methods are best to use with children of different 
ages. Although it should be borne in mind that children develop at different 
rates and therefore children’s ability to understand will be related to their 
individual experiences (Eiser and Kopel, 2013).  The impact of these 
developmental stages on how children may answer questionnaire items will 
be discussed in Section 6.1.3. 
 
However, it has been argued that psychological approaches view childhood as 
a period of development and fail to recognise children as active social agents 
(Prout and James, 1998).  A model was proposed, which involved four major 
ideal types, to differentiate how sociologists perceived childhood compared to 
psychologists (James et al., 1998).  These were: 

• The socially constructed child.  This acknowledges that childhoods will be 
experienced differently depending on the individual child’s life experience 
(e.g. gender, wealth, ethnicity etc.). 

• The tribal child.  This category describes children as occupying an 
autonomous world which accentuates the differences between adults’ and 
children’s views. 

• The minority group child.  This category sees the child as being a “minority 
group” drawing on the power imbalance which exists between children 
and adults. 

• The social structural child.  In this category children are viewed as forming 
a social group which has its own rights and desires. 

These categories are not exclusive of each other.  Indeed as children have 
relationships with other children and adults, but also live in a world which has 
adult constraints placed upon it, all four ideals may co-exist (Morrow, 2008; 
McLaughlin, 2015).    
 
Some theorists have taken the perspective that as adults were once children, 
they have an advantage as they can appreciate both views.  However, this 
belittles children’s agency and overlooks the fact that as adults, our 
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experiences as children are likely to be quite different to those of today’s 
children (McLaughlin, 2015). By including children’s views in our research, we 
have an opportunity to learn more about how children perceive their 
experiences, enabling us to better understand the impact of their diseases and 
the interventions we provide. 

4.2.2 Involvement		

There are many different ways that children’s views can be incorporated into 
research.  Children’s involvement in research and social policy has been 
portrayed as a ladder with eight rungs (Hart, 1992).  Three rungs are identified 
as non-participation (manipulation, decoration, tokenism) and the five which 
are related to participation are displayed in a hierarchical order (assigned but 
informed, consulted and informed, adult initiated but shared decisions with 
children, child initiated and directed and child initiated but they share 
decision-making with adults as equal partners).  Some have criticised this 
model, due to its hierarchical nature, as this ignores the fact that different 
levels of participation may be more appropriate depending on the situation 
and the children involved (McLaughlin, 2015).  A description of the terms is 
shown in Table 4.1.  More recently, this ladder has been converted to a wheel 
by the Children’s Commissioner (England), which contains similar 
descriptions, but removes the hierarchical nature and accepts that 
participation may be different depending on the circumstances (Figure 4.1) 
(Children's Commissioner, 2013).  
 
Some research projects will lend themselves to different levels of involvement 
and the degree of involvement will also depend on the target population.  
Researchers should try to maximise children’s involvement where 
appropriate.  The benefits of involving children in research can be seen within 
four main areas:  

• Benefits to the research itself;  

• To its dissemination and evaluation;  

• To the young participants;   

• For adult researchers (McLaughlin, 2006). 
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Despite the acknowledged benefits, a systematic review of the pre-2005 oral 
health literature revealed that only 0.3% of studies included children as active 
research participants (i.e., children’s perspectives were involved throughout 
the research process or their views were sought) (Marshman et al., 2007).  
More recently, however, several good examples have been published in the 
medical and dental literature of projects which have actively involved children 
in this way (Morris et al., 2007; Freeman et al., 2010; Stinson et al., 2012).  
 

Table 4.1.  Quality of children’s participation.  Modified from Hart (1992). 

Quality of involvement Level of involvement Definition 
Manipulation Non-participation Children are used by adults for 

their own gain.  For example; 
young children carrying 
political placards with no idea 
of why they are doing so. 

Decoration Non-participation Children take some part in a 
project but have no role in 
decision making. 

Tokenism Non-participation Children are asked to be 
involved but have no say in 
how or what they communicate. 

Assigned but informed Participation Adults conceive the project and 
children volunteer to take part.  
Children understand why they 
are participating and their voice 
is taken seriously. 

Consulted and informed Participation Adults design and run the 
project.  Children’s views are 
taken into account in decision-
making and feedback is 
provided regarding how 
decisions have been made. 

Adult initiated but 
shared decision-making 
with children 

Participation Adults conceive the project but 
children are involved at all 
stages of decision-making, 
planning and initiation. 

Child initiated and 
directed 

Participation  Children decide on the project 
and how to they wish it to 
progress.  Adults may be 
available to help but do not take 
charge of the project. 

Children and adults 
share decision-making 

Participation Adults are invited by children 
to be involved in the decision-
making.  The idea is conceived 
by children. 
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Figure 4.1.  Involving children and young people in decision-making 
(Children's Commissioner, 2013). 
 
 

Involving children in the development of a research project can aid 
prioritisation of topic areas, ensure age-appropriate materials are developed 
and may help with recruitment strategies (McLaughlin, 2006). Dissemination 
of the research can also be enhanced by the involvement of young co-
researchers, ensuring future publications (e.g. patient information leaflets, 
research reports for participants, etc.) are in a format most likely to be accessed 
by other young people and that they are user-friendly.  Being actively 
involved in research can help development of reasoning, debating and 
decision-making skills for the young people involved (Sinclair and Franklin, 
2000).  In addition, there are benefits to the adult researchers, such as gaining a 
greater understanding of children and young people’s perspectives, learning 
new skills to facilitate communication and gaining from the enthusiasm young 
people bring (McLaughlin, 2006).   
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Children are capable of articulating their views and experiences and should be 
involved in research wherever possible.  However, there are several ethical 
issues which need to be considered when children participate in research and 
these will be discussed in the next section. 

4.3 Ethical	issues	

Ethical issues to be considered when carrying out research with children may 
include: power relationships, consent issues, confidentiality and dissemination 
of results.  These considerations are not unique to research with children, 
although some aspects require specific attention when involving this 
population. 

4.3.1 Power	relationships	

In general, our society is adult-centred, and thus there is potential for the 
power that adults have over children in everyday life to be carried over into 
research practice (Morrow and Richards, 1996; Harden et al., 2000; Punch, 
2002).  In particular, there are concerns that children may find it difficult to 
withdraw from a project once it has started.  They may also be less able to 
explain if they feel uncomfortable with a particular question or may feel 
pressured to give the answer they think the researcher wants rather than 
offering their own opinion (Kirk, 2007). These issues exist within research with 
any population and it is the responsibility of the research team that strategies 
are in place to ensure that participants are comfortable and are reassured that 
there are no right or wrong answers.  Various approaches have been adopted 
with children, for example, giving them a yellow card to hold up if they feel 
uncomfortable with a particular question and a red card if they wish to stop 
completely (Helseth and Slettebo, 2004).  It should also be made clear to 
participants that they can withdraw at any time and that no one will be cross 
with them and that they don’t have to explain why (Westcott and Davies, 
1996).  Additionally investigators should be aware of body language which 
may indicate that a participant is unhappy with the research process (Kirk, 
2007). 
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4.3.2 Consent	and	assent	

Gaining informed consent from participants is mandatory in research.  
However, this may not be possible with younger children, who may lack the 
capacity to give this level of consent.  Therefore, consent is usually obtained 
from the adult “gatekeeper” and agreement to participate is gained from the 
child.  This is termed “assent” and is defined as “an expression by the child of 
their desire to participate in the research” (Helseth and Slettebo, 2004).  The 
use of assent allows children to participate who would otherwise be excluded 
from research, as they are unable to provide informed consent (Cocks, 2006).  
Age-appropriate materials must be developed to enable the child to make an 
informed decision; for example pictures and speech bubbles can be used 
(Marshman et al., 2012).  It should be noted that this process is ongoing and 
the child’s willingness to participate should be checked at regular intervals.  
The Royal College of Paediatrics and Child Health has produced written 
guidelines which cover the aspects mentioned above, but also include 
recommendations for ensuring valid consent, such as: checking families know 
who to contact if they have questions, that refusal to participate will not 
prejudice the child’s future treatment and that it is stated whether the child 
will directly benefit from the research (Royal College of Paediatrics and Child 
Health: Ethics Advisory Committee, 2000). 

4.3.3 Confidentiality	

Confidentiality can be a complex area when conducting research with 
children, due to the potential for disclosure of information which may indicate 
that they or another child are “at risk”. For example, where a child reveals 
information which leads the researcher to suspect there is a child protection 
issue, confidentiality will have to be broken in order to follow safeguarding 
protocols.  The best interests of the child should always be paramount.  It is 
proposed that the limitations of confidentiality should be discussed with the 
participant at the outset to ensure that they understand what type of 
information may be passed on and what will remain private (Alderson, 1995; 
Beresford, 1997; Davis, 1998). 
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4.3.4 Dissemination	of	results	

Wherever possible, an age-appropriate summary of the key findings should be 
provided to participants (Alderson, 1995).  Allowing children of a similar age 
to read the key-findings may help to ensure that the language is appropriate.  
Consideration should be given to whether participants should contribute to 
data interpretation or provide additional information (Westcott and Davies, 
1996; Glasgow Centre for the Child and Society, undated). This may prove 
difficult, as it may mean contacting the participants and asking them to 
commit more of their time to the project.  It may however, be feasible for a 
proportion of the participants to do so depending on the research setting.  
However, it should be appreciated that the children will have matured and 
their circumstances may have changed since the initial investigation and 
therefore what was important at the time they participated, may not be 
important by the time the research is complete (van Blerk and Ansell, 2007).  In 
addition, opportunities for involving children in dissemination of results are 
often limited to verbal presentations, which are generally controlled by adults 
and therefore children have a lack of control over the process. Some have 
suggested that it would be better to use participatory techniques such as 
drama or games to allow children to be actively involved in dissemination 
(van Blerk and Ansell, 2007).  It is important to ensure that all published data 
are anonymised to maintain confidentiality. 
 
Strategies should be in place prior to undertaking any research project 
involving children to ensure that children who desire to take part are able to 
and that their safety and wellbeing is protected at all times. 
 
The next section will consider studies where children have been active 
participants and how they have described their illness and pain experiences.  
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4.4 Children’s	description	of	pain	and	illness		

Children may describe pain and illness in different terms to adults, due to 
differing vocabulary and concepts of illness.  This section will report on the 
ways that children describe pain and illness.  As pain is the most frequently 
reported impact of dental caries, there is a focus on the words that children use 
to describe pain. 

4.4.1 Children’s	description	of	illness	

Several qualitative studies have investigated children’s experiences of various 
illnesses.  Children in these studies have been able to discuss their knowledge 
and understanding of their condition, the limitations their illness places on 
their lives, their emotions and their role in self-care (Sartain et al., 2000; 
Rudestam et al., 2004; Woodgate, 2005; Bernays et al., 2015; Koller et al., 2015). 
 
Canadian children aged 5-18 years with diabetes were found to be able to 
discuss their involvement in self-care and report what they thought their role 
was and at what age they should take more responsibility (Koller et al., 2015).  
The children were also able to discuss the aetiology of diabetes, although 
younger children were less able to provide detailed information, they 
understood that their pancreas was part of their body and that it wasn’t 
working properly.  The children in this study also discussed how they felt 
about having diabetes and the restrictions it placed on their lives, a well as the 
future consequences of the disease (Koller et al., 2015).  
 
Other studies have focused on children’s experiences of being in hospital 
(Sartain et al., 2000).  In a UK study, Children aged 8-14 years discussed what 
they missed about home while they were in hospital, such as missing playing 
with friends and falling behind in school.  Others discussed how they tried to 
make the hospital environment more like home by bringing their belongings 
with them (Sartain et al., 2000). 
 
In a more recent UK study, children aged 7-11 years have also discussed their 
information needs prior to undergoing surgery and their involvement in the 
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decision-making process (Smith and Callery, 2005).  Children discussed their 
lack of knowledge and had used a variety of methods to obtain further 
information, including reading information leaflets designed for their parents.  
Although some of the information they had obtained from watching television 
actually caused them further anxiety as they involved procedures which did 
not go to plan.  Children had clear ideas of how information regarding their 
procedure should be presented and the value of pre-admission visits. 
 
These studies demonstrate that children are capable of discussing various 
aspects of their health including the consequences of their conditions.  While 
younger (less than eight years of age in general) children may use less 
sophisticated descriptions, they understand and can articulate their 
experiences.  They also are able to evaluate the information that they require 
prior to undergoing medical interventions and are able to suggest methods 
which would make this information more acceptable to them (Smith and 
Callery, 2005). 
 
Children are capable of describing their illness experiences and their 
information needs.  Therefore where possible, they should be involved in the 
research process from the beginning to ensure their information needs are met 
(for example, checking patient information leaflets are appropriate) and to 
ensure their perspectives are included. 

4.4.2 Children’s	description	of	pain	

Pain is described as an unpleasant sensory and emotional response to actual or 
potential tissue damage (IASP Task Force on Taxonomy, 1994).  As such, it is 
subjective and therefore measures which do not include self-report are likely 
to yield inaccurate results. Little research exists examining the differences 
between children’s reporting of somatic pain (i.e. that arising from muscles, 
bone, skin etc.) compared to that of adults.  The studies that have been 
conducted report that the language used is different and that it varies with age 
and for children who have experienced regular hospitalisation (Savedra et al., 
1982; Toole et al., 2000; Harman et al., 2005). 
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A number of studies have attempted to discover how children describe pain 
and findings have informed questionnaires and word lists to help children 
better express their experiences.  Savedra and co-workers (1982) conducted a 
study in children aged 9-12 years of age from a sample of 100 North American 
children who were in hospital and 114 non-hospitalised school children. The 
children were presented with a list of 24 words and asked to circle the ones 
which could be used to describe pain.  The words were assigned to three 
categories correlating to those of Melzack and Torgerson (1971) when 
formulating the McGill Pain Questionnaire (MPQ):  
1. Sensory; i.e. temporal, spatial, pressure, thermal, etc. 
2. Affective; i.e. tension, fear, autonomic response  
3. Evaluative; i.e. overall pain intensity  
The children who were in hospital chose evaluative and affective words more 
often than the other children.  They also used the words “sickening”, “like a 
pinch”, “uncomfortable”, “horrible” and “tiring” more frequently than the 
children who were not in hospital.  In all categories there were a number of 
children who selected no words at all; suggesting that perhaps these were 
words or phrases with which the children were unfamiliar.  It is unclear where 
the words included in the list were drawn from and whether they had been 
chosen by children or adults.  However, this study demonstrated that most 
children were able to choose some words to describe pain that they had 
suffered and that these words were different depending on their experiences. 
 
Another North American group used semi-structured interviews to elicit 
information regarding children’s description of pain (Ross and Ross, 1984).  
Children (n=944) aged 5-12 years took part either in school, clinic or hospital 
settings. The children were able to give descriptions of pain in 70% of cases 
and used words such as “stabbing”, “burning”, “dull” and “pressing”.  Many 
children (n=286, 30%) used descriptive sentences to describe pain that they 
had experienced and some (n=43, 5%) used discriminative comparisons to 
describe different types of pain. Similar findings were reported in a study in 
North America (Abu-Saad, 1984).  The children used 17 sensory words and 
one evaluative word.  The words were then compared with the score they had 
given on the VAS.  This revealed that words such as “aching”, “stinging”, 
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“stabbing”, “throbbing”, “hot” and “sharp” were consistently used when pain 
intensity was rated as greater than 7.0 on the visual analogue scale (VAS).  
These findings reveal that the majority of children are able to describe their 
pain experiences, given the opportunity to express it in age-appropriate 
language.  However, it remains to be seen whether it is possible to rate the 
descriptors that children use according to a pain intensity scale.  
 
Jerret and Evans (1986) attempted, through a series of interviews with 40 
Canadian children aged 5-9.5 years who were undergoing treatment for acute 
conditions, to establish the words children use to describe pain and to 
categorise them in a similar way to the MPQ.  The children were found to use 
a number of adjectives and phrases to describe pain. The children suggested 60 
words which did not feature on the MPQ.  These included “weird”, 
“attacking”, “sausage” and “cymbals clapping”.  Sensory words were used by 
95% of the children and affective words by 60%.  The adults encountered 
problems trying to rank the intensity of words such as “weird” and “sausage” 
as they felt that, without knowing the context of these words, it was 
impossible to rank them.  The design could thus have been improved had 
children been involved in ranking the items as it is clear that adults found this 
difficult to do, as they were not familiar with the terminology.   
 
Another group in North America attempted to create a word list that could be 
used to measure pain quality in children (Wilkie et al., 1990).  The first part of 
the study required children to generate a word list to describe pain. One 
hundred and twenty nine words used by children to describe pain were 
identified from the literature and these were printed onto individual cards.  
The children were asked to sort the cards into piles representing: 1) words they 
knew and used to describe pain; 2) words they knew but would not use to 
describe pain and 3) words they did not know. To be included in the word list 
a criterion was set of at least 50% of the children knowing and using the word.  
In the first student group, 43 words met this criterion and these were used to 
construct a word list similar to the MPQ.  This word list was then tested with 
175 hospitalised children who were experiencing pain.  The children were also 
asked to rate their pain intensity on a VAS scale.  Each of the words was 
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chosen by at least three children.  The mean number of words chosen was 6.9 
(range=0–29) and an additional 49 words or phrases were volunteered by the 
children, however, none of these were suggested by more than five children.  
There was a significant relationship between the pain intensity and the 
number of sensory, affective and evaluative words chosen (Wilkie et al., 1990).  
Therefore children who have experienced significant pain may be more able to 
describe it than those who have experienced lower levels. 
 
The MPQ contains nine words to describe the temporal (flickering, throbbing 
etc.) nature of pain, however, the word lists discussed previously were lacking 
this feature.  An American study sought to investigate how children and 
adolescents describe this aspect of pain (Savedra et al., 1995).  One hundred 
and twelve children participated and it was found that children used very few 
temporal words spontaneously, however, they were able to choose temporal 
words when presented with a list.  This study demonstrates that children may 
find it difficult to describe the temporal nature of their pain unless they are 
given specific prompts.  This may be relevant in discovering how children 
describe dental pain.  “Toothache” is often described as a “throbbing” pain by 
adults but children may not describe it in this way themselves as “throbbing” 
is a temporal term. 
 
In summary, these studies demonstrate that a word list may be a useful tool to 
assess pain in children, using language they are familiar with.  However, it 
should also be recognised that children may wish to add their own words in 
order to explain how they feel (Wilkie et al., 1990). It is important to appreciate 
the differences which may be present between adult and child pain descriptors 
and this highlights the importance of involving children in the development of 
items for questionnaires to ensure the correct terminology is used.   

4.4.3 Children’s	description	of	dental	pain	

To date few studies have considered the language that children use to describe 
dental pain.  A study by Toole and co-workers (2000) investigated the 
language children used to describe the discomfort felt during electric pulp-
testing.  Seventy-eight children aged between five and thirteen years of age 
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participated and were asked to describe the stimulus felt during both a 
simulated electrical pulp-test and an actual electrical pulp-test.  The children 
were asked to pick a word from the 56 word list used by Wilkie and colleagues 
(1990), as described previously. The children were also asked to rate, on a four-
point scale, how “tingly” or “sore” the procedure was.  The majority (73%) of 
children chose more words to describe the actual test.  The mean number of 
words used to describe the real test was 9.76 compared with 4.61 for the 
simulated test.  The most common words chosen for the real test were 
“uncomfortable”, “like a sting”, “sore” and “stinging”.  The words which best 
discriminated between the two tests were “stabbing”, “shooting”, “stinging”, 
“hitting”, “sore”, “punching” and “dizzy”.  On the rating scales the mean 
score for the term “sore” was 1.23 for the actual test and 0.57 for the simulated 
test and 1.43 and 0.66 respectively for “tingly”.  Interestingly, one third of the 
children described the real pulp-test as “not at all sore” and 24% stated that 
there was no “tingling”.  The results of this study are consistent with others 
carried out using similar scales showing that, as discomfort increases, more 
words are chosen to describe it.  No one word was chosen by all the children 
and this underlines the importance of ensuring that children are given a wide 
choice of words which are age-appropriate to describe the quality of their pain.  
Children with better literacy skills, as assessed by means of the Weschler 
Objective Reading Dimension (WORD), chose fewer words to describe their 
pain, which may be due to their greater comprehension allowing them to 
choose only the most suitable words.  However, it was also found that 
chronological age impacted upon the results, as with increasing age children 
chose more words to describe their pain, perhaps due to their greater 
experience.  Therefore it would appear to be important to consider both 
chronological age and literacy when investigating pain quality in children.   
 
A further study carried out at a UK Dental Hospital, investigated the use of 
language used by children to describe dental treatment (Harman et al., 2005).  
This study asked children aged 6-17 years to choose words prior to dental 
treatment and following treatment to assess if there were differences between 
anticipated discomfort and that which was actually experienced.  In addition, 
participants completed a five-point rating scale to describe how “sore” or 
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“tingly” the treatment was.  The Child Dental Anxiety Scale and the 
Spielberger State-Trait Anxiety Inventory for Children were used to 
investigate anxiety within the study population and vocabulary was assessed 
by means of the British Picture Vocabulary Scale. Fewer words were chosen 
following treatment than had been selected prior to treatment and this trend 
was even more apparent in the more anxious children.  There was no 
significant difference between the ratings for “sore” or “tingly” before and 
after treatment. However, the authors did not discuss which words the 
children used to describe their experience nor were any correlations drawn 
between the treatment received and the number of words chosen.  This would 
have been of interest as the procedures varied; those which required the 
administration of local anaesthetic might have been expected to cause more 
discomfort than those which did not and were minimally invasive, i.e. fissure 
sealants, denture adjustment. 
 
Overall, these few studies do provide some preliminary information as to how 
children describe their dental experiences.  However, given that the word list 
was developed for and by North American children it may not be appropriate 
in a United Kingdom setting.  These studies did not allow children to add their 
own words and therefore some words may not have been chosen because the 
children did not know them.  As children were not able to add their own 
descriptions, it remains unclear whether the words children use to describe 
dental pain differ from those used to express pain elsewhere. 
 
The next section will discuss the concept of health-related quality of life  
(HRQoL) and reviews guidance for the development of measures of HRQoL. 

4.5 Health-related	quality	of	life	

The WHO defines health as “a state of complete physical, mental, and social 
wellbeing and not merely the absence of disease, or infirmity” (World Health 
Organization, 1948).  Furthermore it states that “The enjoyment of the highest 
attainable standard of health is one of the fundamental rights of every human 
being without distinction of race, religion, political belief, economic or social 
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condition” (World Health Organization, 2007b).  These definitions underpin 
the philosophy that health is not merely concerned with the absence of disease 
but has more complex interactions with external factors. 
 
The dominant health-related model from the late 19th century can be 
described as a biomedical model, which has a focus on the pathological 
processes which affect the body.  This neglected to consider what constitutes 
health and illness.  A broader approach, involving these considerations, can be 
described by a biopsychosocial model of health and health research has 
focused on this model over the last few decades (Engel, 1977; Alonso, 2004). 

4.5.1 The	biomedical	model	of	disease	

In 1980, the WHO published the International Classification of Impairments, 
Disabilities and Handicaps as a manual of classification relating to the 
consequences of disease (World Health Organization, 1980).  The model uses a 
conceptual framework for disability and is described in three dimensions: 

1. Impairment: In the context of health experience this is defined as any 
loss or abnormality of psychological, physiological or anatomical 
structure or function. 

2. Disability: In the context of health experience a disability is any 
restriction or lack (resulting from an impairment) of ability to perform 
an activity in the manner, or within the range, considered normal for a 
human being. 

3. Handicap: In the context of health experience a handicap is a 
disadvantage for a given individual, resulting from an impairment or a 
disability, that limits or prevents the fulfillment of a role that is normal 
(depending on age, sex and social and cultural factors) for that 
individual. 

 
This model has been criticised, as although it aimed to encompass the social 
aspects of disablement it did not consider the ways in which an 
unaccommodating environment may impact upon the handicap (Bichenbach 
et al., 1999).  In addition, assessment of population health needs based solely 
on disease surveillance will fail to account for the impact of the diseases 
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(Sheiham et al., 1982; Sheiham and Spencer, 1997).  From a clinical perspective, 
interventions which are directed only at correcting physical abnormalities, 
have limited ability in enabling a full recovery for the patient as they fail to 
address external factors which may influence that recovery (Engel, 1977). 

4.5.2 The	biopsychosocial	model	of	health	

The biopsychosocial model focuses on health and illness rather than on 
disease.  This recognises the interplay between physiological processes and 
social factors which influence health and wellbeing. In 2002 the WHO 
International Classification of Functioning, Disability and Health changed its 
perspective from the 1980 model to become a “components of health” 
classification instead of a “consequences of disease” classification (World 
Health Organization, 2002).   This ensures that not only are the biological and 
physiological features investigated but consideration is also given to how the 
disease affects participation in society (Figure 4.2).  
 

 

Figure 4.2.  Interactions between the components of the International 
Classification of Functioning, Disability and Health (World Health 
Organization, 2002). 
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The assessment of HRQoL aims to assess not only functional but psychosocial 
factors associated with disease and therefore takes a biopsychosocial rather 
than biomedical approach.  The next section will discuss the concept of 
HRQoL and how it is measured. 

4.5.3 Health-related	quality	of	life	

Quality of life has been described as: “An individual’s perception of their 
position in life in the context of the culture and value systems in which they 
live and in relation to their personal goals, expectations, standards and 
concerns.” (World Health Organization, 1948).   This can be extended to health 
and encompass the impacts that individuals may experience as a result of the 
state of their health. There has been much debate regarding the concept of 
HRQoL as opposed to “subjective health status”.  Bullinger (1993) suggested 
that “subjective health status” should relate to patient-based assessments of 
health state, which may be termed patient-reported outcome measures 
(PROMs).  Whereas, HRQoL focuses on the impact of perceived health state on 
an individual’s ability to live a fulfilling life and so encompasses external 
factors in addition to the individual’s health state (Bullinger et al., 1993). 

Measures of health-related quality of life 
As can be seen in Figure 4.2, there may be many aspects of life which may 
impact upon health. In order to assess the effect of interventions on health, 
evaluation may be carried out to measure changes in HRQoL using measures 
specifically designed to evaluate this construct, rather than simply subjective 
health status.   
 
Different types of measure of HRQoL exist and they can be used in 
epidemiological studies, clinical trials and to assess treatment success in 
individuals.  To be reliable they must be tailored to meet their objective.  
Evaluative measures must be responsive and demonstrate longitudinal 
construct validity, i.e. they must be able to detect small changes within 
participants and there must be correlation between changes in the new 
questionnaire and changes in another measure (Guyatt et al., 1993).  Generic 
measures are useful to compare populations and can be used to compare 
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groups with different health conditions, whereas disease-specific measures can 
be used to track changes in individuals with a specific disease. 
 
Discriminative measures require high reliability and cross-sectional construct 
validity, i.e. there must be a high ratio of differences between participants due 
differences in the participants and appropriate correlations between the 
instrument tested and established scales (Guyatt et al., 1993).  Further 
description of the properties required of a measure of HRQoL will be provided 
in Section 4.5.4. 
 
The development of child-centred measures of HRQoL is particularly 
challenging as the meaning of quality of life may change with the 
developmental stage of the child.  Thus, in order for them to be sensitive they 
should address the concerns of children of different ages.  However, if they are 
to be used in clinical trials to assess change over time, targeting a narrow age 
range may not be desirable.  
 
To examine changes over time, an instrument which is sensitive to small 
changes is required.  Wiebe and co-workers (2003) found that in randomised 
controlled trials with a true underlying therapeutic effect, disease-specific 
instruments were more responsive to change than generic instruments (Wiebe 
et al., 2003). As the aim of this study will be to produce a disease-specific 
measure for dental caries, the next section will focus on recommendations for 
producing disease-specific measures. 

4.5.4 Developing	disease-specific	measures	

Guyatt and co-workers (1986) make suggestions for how reliable disease 
specific measures should be produced and states “items on the questionnaire 
must reflect areas that are important to those suffering from the disease”.  To 
ensure items reflect those important to those with the condition, development 
of the measure should involve conducting semi-structured interviews with 50-
100 affected people in order to elicit all relevant items; the item pool can then 
be reduced by asking another group with the condition to rank the importance 
of the items to them.  This may still yield a higher number of items than is 
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desired and approaches for further reducing these depend upon the how the 
measure is intended to be used.  For evaluative measures, it may reduce the 
measure’s responsiveness if items are included that would be unlikely to 
change due to the intervention provided.  Each dimension measured should be 
adequately represented to decrease the variability in response and to minimise 
the impact of idiosyncratic responses.  A method suggested to choose items for 
inclusion is to multiply the frequency of each item by its mean importance and 
to choose those ranked highest for the final questionnaire. Item reduction will 
be discussed in more detail in Chapter Six. 
 
Guyatt and colleagues (1986) also suggest that, in order to accurately chart 
changes following an intervention it is not appropriate to ask questions with 
only “yes” and “no” responses as this may not reflect small changes.  There is 
no evidence to support either a Likert scale or a Visual Analogue Scale but 
these both allow small changes to be seen.  Furthermore, it is also suggested 
that it may be helpful for patients to see their previous responses as this 
decreases the variability of responses from stable patients and that changes in 
response to treatment are similar between informed and blind subjects (Scott 
and Huskisson, 1979; Guyatt et al., 1985). These aspects can be used to develop 
measures which are relevant to the target population.  
 
To assess the validity of the measure, various psychometric properties must be 
evaluated.  The psychometric properties of reliability, validity and 
responsiveness can be tested in accordance with recommendations of the 
Scientific Advisory Committee of the Medical Outcomes Trust (Lohr, 2002).  
The Scientific Advisory Trust of the Medical Outcomes Trust initially 
published a set of criteria for assessment of health status and quality of life 
measures in 1996 (Lohr et al., 1996).  These were updated in 2002 to reflect the 
emerging techniques being used in the development of these measures (Lohr, 
2002).  They suggest eight key areas for consideration (conceptual and 
measurement model; reliability; validity; responsiveness; interpretability; 
respondent and administrative burden; alternate forms and cultural and 
language adaptations) and criteria against which measures can be reviewed.  
These are summarised in Table 4.2.   
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Table 4.2.  Attributes and criteria for review of measurement properties 
(Lohr, 2002). 

Attribute Review criteria 

Conceptual and 
measurement model 

• Concept to be measured 
• Conceptual and empirical bases for item content and combination 
• Target population involvement in content derivation 
• Information on dimensionality and distinctiveness of scales 
• Evidence of scale variability 
• Intended level of measurement 
• Rationale for deriving scale scores 

Reliability Internal consistency 
• Methods to collect reliability data 
• Reliability estimates and standard errors for all score elements (classical test) or 

standard error of the mean over the range of scale and marginal reliability of each 
scale (item response theory) 

• Data to calculate reliability coefficients or actual calculations of reliability coefficients 
• Above data for each major population of interest, if necessary 
Reproducibility 
• Methods employed to collect reproducibility data 
• Well-argued rationale to support the design of the study and the interval between the 

first and subsequent administration to support the assumption that the population is 
stable 

• Information on test-retest reliability and inter-rater reliability based on intraclass 
correlation coefficients 

• Information on the comparability of the item parameter estimates and on 
measurement precision over repeated administration 

Validity • Rationale presented for the particular mix of evidence presented for the intended uses 
• Clear description of the methods employed to collect validity data 
• Composition of sample used to examine validity 
• Above for each major population of interest 
• Hypotheses tested and data relating to the tests 
• Clear rationale and support for the choice of criteria measures 

Responsiveness • Evidence of changes in scores of the instrument 
• Longitudinal data that compares a group that is expected to change with a group 

which is expected to remain stable 
• Population(s) of which responsiveness has been tested, including the time intervals of 

assessment, the interventions or measures involved in evaluating change, and the 
populations assumed to be stable 

Interpretability • Rationale for selection of external criteria of populations for purposes of comparison 
and interpretability of data 

• Information regarding the ways in which data from the instrument should be reported 
and displayed 

• Meaningful “benchmarks” to facilitate interpretation of the scores 
Burden Respondent burden 

• Information on (a) average and range of the time needed to complete the instrument, 
(b) reading and comprehension level, and (c) any special requirements or requests 
made of respondents 

• Evidence that the instrument places no undue physical or emotional strain on the 
respondent 

• When or under what circumstances the instrument is not suitable for respondents 
Administrative burden 
• Information about any resources required for administration of the instrument 
• Average time and range of time required of a trained interviewer to administer the 

instrument in face-to-face interviews, by telephone, or with computer-assisted formats 
• Amount of training and level of education or professional expertise and experience 

needed by administrative staff 
Alternative modes of 
administration 

• Evidence on reliability, validity, responsiveness, interpretability and burden for each 
mode of administration 

Cultural and 
language adaptations 
or translations 

• Methods to achieve conceptual equivalence 
• Methods to achieve linguistic equivalence 
• Any significant differences between the original and translated versions 
• How inconsistencies were reconciled 
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These guidelines were developed to help the Medical Outcomes Trust to 
evaluate new measures which were submitted to them, to ascertain which 
were suitable for dissemination.  However, although they provide clear 
information regarding areas to be assessed, no specific quality standards are 
given. 
 
More recently, a checklist has been produced by the Consensus-based 
Standards for the Selection of Health Measurement Instruments initiative 
(COSMIN) which allows articles reporting on the evaluation of Patient 
Reported Outcome Measures (PROMs) to be evaluated against defined criteria 
(Mokkink et al., 2010a).  These criteria will be discussed in detail in Chapter 
Five. 

4.5.5 Disease-specific	measures	

Over the last decade, there have been advances in the production of disease-
specific measures of HRQoL measures formulated specifically for children.  A 
systematic review published in 2008 identified 64 disease-specific HRQoL 
measures for children (Solans et al., 2008).   Of these, 42 had been produced 
since 2001 and 27 different conditions were covered.  Ten measures existed for 
asthma, eight for oncology and seven for epilepsy. CPQ and the C-OIDP were 
included, however, as discussed later, although these relate to oral health, they 
are not disease-specific.  Most of the measures were developed for children 
aged five years and over, although some had components relating to very 
young children.  Less than half (43.7%) relied exclusively on child reports, 
26.6% on parental report only and 29.6% incorporated child and parent 
components.  One measure included a nurse-reported version.  The most 
common concepts to be explored were emotional wellbeing, friends/social 
functioning, physical function, symptoms and treatment.  This systematic 
review did not comment on the methods of developing the measures and 
whether these were child-centred.   
 
Child-centred approaches have been used by some groups to develop disease-
specific measures.  The Canadian Haemophilia Outcomes-Kids Life 
Assessment Tool (CHO-KLAT) used a child-centred approach to develop their 
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measure.  Firstly, an item bank was created by a review of the literature 
followed by focus groups with children to develop further unique items.  The 
value of including the children was assessed and the investigators found that 
the children generated unique items not found from other sources and also 
suggested rewording (Young et al., 2004). 
 
This child-centred approach has also been used successfully to create disease-
specific measures for asthma, foot and ankle problems and inflammatory 
bowel disease (Christie et al., 1993; Griffiths et al., 1999; Morris et al., 2007).  
These studies also revealed that items suggested by health professionals were 
not always relevant to children.  The children were also able to suggest 
alternative wording and response formats which were age-appropriate. 
 
In summary, children have been involved in the development of a number of 
disease-specific measures and this has proved to be successful, with children 
suggesting relevant items and response formats.  There are clear benefits to 
including children in this way. The following section will discuss the 
development and validation of the most commonly used self-report measures 
of OHRQoL for children. 

4.6 Oral	health-related	quality	of	life	measures	

OHRQoL has been defined as “the extent to which oral disorders affect 
functioning and psychosocial wellbeing” and as the “the impact of oral 
conditions on daily functioning” (Kressin, 1997; Locker et al., 2000).  The 
application of measures can vary according to the aim of the investigation, for 
example, they may be used to influence health and social policy, assess the 
impact of different treatment regimens or be used to analyse change in 
individual patients over time (Table 4.3). A recent review identified 16 
OHRQoL measures, two of which are specifically aimed at children (Locker 
and Allen, 2007).  In this section the development of the three most widely 
used measures of OHRQoL for children will be discussed.   
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Table 4.3.  Summary of the applications of OHRQoL measures proposed by 
Robinson and co-workers (Robinson et al., 2003). 

Type of application Description of use 

Theoretical Exploring models of oral health 
Describing factors influential to health  

Political Demonstrating involvement of the public in healthcare 
Identifying the public’s priorities 
Advocacy 

Practical 
 
Public health 
 
Research 
 
Clinic-based 

Planning, monitoring and evaluating services 
 
Needs assessments 
 
Evaluating outcomes of healthcare interventions 
 
Evaluating individual patient care 
Improving patient-practitioner communication 
Clinical audit 
Marketing of services 

4.6.1 Child	Perceptions	Questionnaire	

The most frequently used measures are part of the Child Oral Health Quality 
of Life battery of questionnaires which comprises the Parental Perceptions 
Questionnaire (PPQ), the Family Impact Scale (FIS) and age-specific versions 
of CPQ designed for those aged 11-14 years (including short form versions) or 
8-10 years (Jokovic et al., 2002; Jokovic et al., 2003b; Jokovic et al., 2004; Jokovic 
et al., 2006).  The development of each of the CPQ instruments will be 
discussed in detail. 

CPQ11-14 

The CPQ11-14 was originally developed as a measure for children with a wide 
range of dental, oral and oro-facial disorders (Jokovic et al., 2002).  The item 
pool was developed by initially reviewing the existing oral health and child 
health status measures, followed by revision of this pool by healthcare 
professionals and parents of children with orofacial disorders.  These items 
encompassed four domains: oral symptoms, functional limitations, emotional 
and social wellbeing.  The modified item pool was further revised following 
in-depth interviews with 11 child patients.  Finally, groups of children from 
three different disease classifications (dental disease, orthodontic disorders 
and orofacial conditions) participated in an item impact study to select the 
items for inclusion in the final measure using a questionnaire with a severity-
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based response format.  The items were ranked within the four domains and 
according to clinical group.  Any items which were above the median in either 
ranking were chosen for inclusion in the final CPQ11-14 measure. 
 
The final instrument asks about the frequency of events in the preceding three 
months, a contrast to the item impact questionnaire which was used during 
the development stages.  A five-point Likert scale is used ranging from: 
“Never”=0 to “Every day/ almost every day”=4, for example: “In the past three 
months have you had pain in your teeth, lips, jaws or mouth?”.  The final version of 
CPQ11-14 contains 37 items with possible scores ranging from 0-148, higher scores 
representing higher impacts of oral disease.  To test validity of the measure, 
global ratings of oral health and life overall were included.   
 
The instrument was then evaluated for reliability and validity using a new 
sample of 123 children, 70 of whom completed the questionnaire again two 
weeks later.  The children who completed the questionnaire a second time 
were asked to report any changes in their condition and those who 
experienced changes were excluded from the test-retest reliability part of the 
study.  Internal consistency was found to be acceptable/good with Cronbach’s 
alpha scores ranging from 0.91 for the total CPQ score to 0.64 for oral 
symptoms.  The Cronbach’s alpha scores were similar between the clinical 
groups.  The intraclass correlation coefficient (ICC) was 0.90 for the overall 
CPQ score and ranged from 0.79 to 0.88 for the four domains. 
 
Construct validity was tested by analysing the relationship between the CPQ 
scores and the global ratings for oral health and life overall.  There was a 
significant positive correlation between these, p=0.013 for oral health and 
p=<0.001 for life overall.  Significant correlations were found for all health 
domains with the exception of the oral health rating and the functional 
limitations score.  A positive correlation was found between the number of 
carious surfaces and overall scale scores with those children with more carious 
surfaces having higher scores.  This was also true in the orofacial group with 
children with cleft palate alone having lower scores than those with bilateral 
cleft lip and palate.   
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The development of this measure demonstrated that it is possible for children 
to complete self-administered questionnaires as very few had missing 
answers.  This may in part be due to asking children which questions were 
suitable for inclusion.  However, children were involved only at a later stage 
and the final items and response format were produced by adults in a different 
format to that used in the previous item impact questionnaire.  Inclusion of 
children in the planning stage may have been beneficial as this would have 
ensured that the measure truly reflected those items which are important to 
children and used language which they are familiar with.  No information is 
available regarding the mean number of carious surfaces that these children 
had and therefore it is impossible to assess whether the correlations apply 
outwith this population.  

CPQ8-10 

A measure for 8-10-year-olds (CPQ8-10) was adapted from the CPQ11-14.  This was 
achieved by consulting a child psychologist, a teacher and parents of children 
of this age group to ascertain which questions were appropriate.  The wording 
was then rewritten by a writer of children’s manuals and the teacher.  Children 
were not involved in initial development of this measure.  Grammar and 
readability were assessed using the Flesch reading ease score and a Flesch-
Kincaid grade level score.  These were found to be acceptable for children of 
this age.  The final measure included 25 questions across the four health 
domains as discussed previously. 
 
Following self-administration, a group of children participated in qualitative 
interviews to assess their understanding of the questions, wording and recall 
intervals.  This found that the 9-10-year-old children were able to understand 
the questions but 10 of the 13 eight-year-olds did not relate the introductory 
statement: “In the past four weeks, because of your teeth or mouth….”, to the rest of 
the question.  Therefore this statement was included as part of each question. 
 
Validity of the measure was assessed by 68, 8-10-year-old children who either 
had caries (paediatric group) or cleft lip and/or palate (orofacial group).  
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Thirty-nine of the children completed the measure a second time a fortnight 
later in order to evaluate the measure’s test-retest reliability. 
 
The internal consistency of the overall scale was good (Cronbach’s 
alpha=0.89).  Within the domain subscales Cronbach’s alpha ranged from 
0.63–0.88 indicating acceptable internal consistency.  Of the 39 children who 
completed the questionnaire a second time, only 33 were suitable for inclusion 
in the analysis.  The remaining six children were excluded as they had 
indicated that their oral status had changed in the preceding two weeks. The 
ICC demonstrated substantial reliability for the overall scale (ICC=0.75), oral 
symptoms, functional limitations and emotional wellbeing domains.  
However, the ICC for the social wellbeing domain was low at 0.16. 
 
The measure appeared to respond as one would expect, with those children 
with higher levels of caries having higher overall scores.  However, it was 
unable to discriminate between the paediatric and orofacial groups.  There was 
a low agreement for test-retest reliability for the social wellbeing domain.  The 
authors explain that this may be due to changes between the two test periods 
and that social experiences are more likely to change than emotions or 
symptoms during this period.  However, this was not found in 11-14-year-olds 
and therefore this change may be particular to the younger age group, 
although no explanation was given regarding reason why social aspects may 
have changed over a relatively short period.  The measure was constructed by 
adults with little involvement from the children themselves and this may 
account for its less than ideal properties.   

CPQ short forms 
In order to facilitate the use of the CPQ in clinical trials and population 
studies, it was shortened to a 16- and 8-item measure using both item impact 
and stepwise regression methods.  Data from the original item impact study 
were used to develop CPQ11-14-ISF:8 and CPQ11-14-ISF:16 (Jokovic et al., 2006).  
These contain two or four questions from each domain respectively.  The 
stepwise regression method of development utilised the data from the 
evaluation of the full version.  The two or four questions which were the best 
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predictors of the overall score were included in the resultant short form 
measures. 
 
CPQ11-14-ISF:16 and CPQ11-14-RSF:16 share 14 of their 16 items (Table 4.4.)  The 
questions specific to the CPQ11-14-ISF:16 are: 
1. Difficult to drink or eat hot or cold foods?  
2. Other children asked you questions about your teeth, lips, jaws or mouth? 
Those specific to the CPQ11-14-RSF:16 are: 
1. Had trouble sleeping? 
2. Not wanted to speak or read aloud in class? 
 
In contrast the eight item versions only had two questions in common: 
1. Had bad breath? 
2. Felt upset about their teeth, lips, mouth or jaws? 
 
The measures were evaluated in terms of their reliability, construct and 
criterion validity.  Analysis of the internal consistency using Cronbach’s alpha 
demonstrated acceptable reliability with scores ranging from 0.71–0.83.  All 
forms performed well in terms of the test-retest reliability with the ICC 
ranging from 0.71–0.77. 
 
Criterion validity was assessed by correlating the short form questionnaires 
with the original long version.  Almost perfect correlation was found with the 
exception of the CPQ11-14-ISF:8.   
 
Discriminant construct validity was found to be good as all short forms 
detected differences between the clinical groups as expected.  All short forms 
had increased precision when compared with the long version with the 
exception of the CPQ11-14-RSF:16.  Children in the group with dental caries who 
had more than 10 carious surfaces had higher overall mean scores on all 
versions than those with less than 10 carious surfaces.  However, this was not 
statistically significant and it was not clear why 10 surfaces was chosen as the 
cut-off point where changes in mean score would be expected.  
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Table 4.4.  Questions in each short form version of the Child Perceptions 
Questionnaire.  

Item ISF16 RSF16 ISF8 RSF8 

Oral symptoms     
Pain in teeth/mouth ✓ ✓ ✗ ✗ 
Bad breath ✓ ✓ ✓ ✓ 
Mouth sores ✓ ✓ ✗ ✓ 
Food caught between teeth ✓ ✓ ✓ ✗ 

Functional limitations     
Difficulty eating or drinking 
hot or cold foods 

✓ ✗ ✓ ✗ 

Difficulty chewing firm 
foods 

✓ ✓ ✓ ✗ 

Trouble sleeping ✗ ✓ ✗ ✓ 
Difficulty saying words ✓ ✓ ✗ ✓ 
Taking longer to eat a meal ✓ ✓ ✗ ✗ 

Emotional wellbeing     
Upset ✓ ✓ ✓ ✓ 
Felt irritated/frustrated ✓ ✓ ✓ ✗ 
Felt shy ✓ ✓ ✗ ✗ 
Concerned what people 
think about teeth/mouth 

✓ ✓ ✗ ✓ 

Social wellbeing     
Asked questions ✓ ✗ ✓ ✗ 
Teased/called names ✓ ✓ ✗ ✓ 
Not wanted to speak/read 
out loud in class 

✗ ✓ ✗ ✗ 

Avoided smiling/laughing ✓ ✓ ✓ ✗ 
Argued with 
children/family 

✓ ✓ ✗ ✓ 

ISF16=16-item item impact version; ISF8=8-item item impact version; RSF16=16-item 
regression version; RSF8=8-item regression version. 
 
All short forms of the measure demonstrated positive significant correlations 
with the global oral health and life overall ratings.  The correlation was greater 
for the rating of life overall than for the global oral health rating.   
 
In summary, despite its limitations, CPQ and its short form versions have been 
used extensively in studies of the oral health of children in many countries and 
has been translated into several languages (Foster Page et al., 2005; Marshman 
et al., 2005; Robinson et al., 2005; Brown and Al-Khayal, 2006; Alm et al., 2007; 
Do and Spencer, 2007; Barbosa et al., 2009; Koposova et al., 2010; Bekes et al., 
2011; Wogelius et al., 2011).  It has also been used to investigate a variety of 
conditions including caries, cleft lip and palate, dental trauma,  fluorosis and 
malocclusion (Locker et al., 2005; Robinson et al., 2005; Do and Spencer, 2007; 
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O'Brien et al., 2007; Zhang et al., 2007a; Marshman et al., 2010; Traebert et al., 
2012).   

4.6.2 Child-Oral	Impact	on	Daily	Performances	index	

C-OIDP, in contrast to CPQ, was developed to assess dental needs in child 
populations.  This measure also differs in that it is designed to be administered 
by interview rather than self-completed.  It was adapted from the Oral Impact 
on Daily Performances index for adults and was developed for use in a Thai 
population (Gherunpong et al., 2004a).  The original index was used and face 
validity assessed by 513, 11- and 12-year-old children from schools in 
Thailand.  Following this, a number of amendments were made: language was 
simplified; performances explained by giving specific examples; response 
options limited to four instead of five; recall interval shortened to three 
months, and pictures added to aid the interview process.  Content validity was 
assessed by interviews with health professionals.  The pilot questionnaire was 
tested for reliability and validity and one item “doing light physical activity” 
was removed as it had very poor correlations with other items.  The final 
version includes eight performances: 1) eating; 2) speaking; 3) cleaning teeth; 
4) relaxing (including sleeping); 4) smiling; 5) laughing and showing teeth 
without embarrassment; 6) maintaining emotional state; 7) study (including 
going to school and doing homework) and 8) contact with other people.  If 
children report an impact, they are asked to grade the frequency and severity 
of this.  These are then multiplied to give a cumulative score (range 0-9 for 
each performance) for that performance.  Adding the scores for each 
performance, dividing by 72 and multiplying by 100 is used to derive an 
overall score.  An alternative scoring system is available which aims to 
separate “intensity” from “extent”.  Therefore only the highest severity score is 
used across the eight performances to give the “severity” (range=1-6) and the 
total number of performances affected is calculated to give an indication of the 
“extent” (range=0-8). 
 
 The final version was tested using a sample of 110 children aged 11-12 years 
(mean 11.3 years).  Internal consistency was adequate (Cronbach’s alpha=0.6) 
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and children with a greater perceived need for dental treatment, scoring more 
highly (Gherunpong et al., 2004a). 
 
This measure has been used extensively in epidemiological studies across the 
world and has been translated into several languages and can be adapted to 
cover specific conditions (Tubert-Jeannin et al., 2005; Mashoto et al., 2009; 
Bianco et al., 2010). 

4.6.3 Child	Oral	Health	Impact	Profile	

The final measure to be discussed is COHIP, which was developed from the 
same item pool as the CPQ and is designed to be used in children aged 8-15 
years (Broder et al., 2007).  Testing of the measure was carried out at four 
hospital sites in Newark and New York in the USA and at McGill University in 
Montreal.  Following the development of the initial item pool (54 items), face 
validity was tested with 10 health professionals and 144 carers of children with 
caries, malocclusion and craniofacial disorders.  Following this, items were 
reworded and 42 items retained.  Item impact testing of this revised pool was 
performed with 155 children and their parents.  Participants were asked if they 
had experienced the event in the past three months and how important they 
felt it was.  Eight items were subsequently deleted and 17 new items 
developed based on participants’ comments, giving a new total of 51 items.  A 
second stage of face validity testing was then undertaken with the new pool.  
The participants in this stage were 50 children and 55 carers.  The second stage 
of face validity testing resulted in two items being removed and the remaining 
49 items were used in the second phase of item impact testing.  The final stage 
of item impact testing resulted in nine items with low impact scores being 
deleted.  However, low impact items related to school were retained as they 
were deemed to be theoretically important despite the fact that children did 
not endorse them.  Finally, the questionnaire was subject to factor analysis.  
The measure was administered to 419 children and the final decision on which 
items should be retained was based on the exploratory factor analysis, 
correlations between items and discriminatory power.  The final measure 
comprised 34 items across five domains: functional wellbeing; psychological 
wellbeing; social wellbeing; school and self-image, and incorporated pictures 
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and shading to prevent test-taker fatigue.  In common with the CPQ, children 
are asked if they have experienced events over the previous three months and 
items are scored on a five-point Likert scale: “never”=0, “almost never”=1, 
“sometimes”=2, “fairly often”=3 and “almost all the time”=4.  The self-image 
items are scored from “strongly disagree” to “strongly agree”.  In addition, 
there are two questions about treatment expectations and one global rating 
question. 
 
Reliability and validity of the COHIP was tested in a sample of 523 children 
aged 8-15 (mean=11.6 years) years (Broder and Wilson-Genderson, 2007).  The 
original sample consisted of 548 children, however, those who completed less 
than 75% of the items were excluded.  The final sample included 157 children 
with caries, 152 with malocclusions, 110 with craniofacial anomalies and 104 
school children.  Cronbach’s alpha for the questionnaire overall was 0.91, with 
a range of 0.68-0.89 across the subscales.  Test-retest reliability was analysed 
using data from 44 participants who reported no change to their oral health in 
the intervening 3-week period.  Test-retest reliability was excellent for the 
overall scale (ICC=0.84).  Discriminant validity was tested and found to be 
statistically significant for the functional wellbeing and school subscales and 
post hoc testing revealed that the craniofacial group had higher scores than the 
other groups.  The number of carious surfaces correlated with the overall score 
as did degree of overjet. Correlations were found with the global rating in all 
four groups confirming good convergent validity. 
 
The development of this measure did involve children, although the extent of 
this is not clear, as during item impact testing measures were given to the 
child with their parent and it is not clear who completed these.  Items were 
added in response to participant comments but these were in the minority 
when compared with the items already generated by the literature review and 
expert opinion.  In addition, some items were retained as they fitted a 
theoretical construct despite the fact that they were not endorsed by children.  
This casts some doubt as to the extent to which children’s views were taken 
into consideration.  A more child-centred approach would have ensured that 
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items important to children were included in the initial stages and may have 
led to a measure which is more meaningful to children. 
 
This questionnaire has not been as widely used as the CPQ but has been 
translated into Dutch and Persian and used in some epidemiological and 
clinical investigations (Geels et al., 2008a; Geels et al., 2008b; Calis et al., 2009; 
Bos et al., 2010; Ravaghi et al., 2011).  Recently, a 19-item short form version 
has been developed, but has not yet been used widely (Broder et al., 2012). 

4.6.4 Summary	

The OHRQoL measures described above have been extensively used since 
their development in a variety of studies with varying results.  However, 
although all have involved children to some extent in their development, none 
have used methods which can be truly described as child-centred.  Item pools 
were created by the researchers from literature reviews, interviews with health 
professionals and from existing measures for adults, thus leaving children to 
comment only on existing items.  Guidance on production of these measures 
clearly advises that, in order to be reliable and truly reflect patient views, 
patients should be involved at all stages. 
 
Although CPQ and COHIP were developed to be used in clinical trials, they 
have not yet been validated in this context.  As they cover a variety of clinical 
conditions, they are generic instruments and therefore may not be sensitive 
enough to longitudinal change in order to evaluate changes following clinical 
interventions for specific conditions (Wiebe et al., 2003).  Therefore, the 
development of a child-centred measure which is caries-specific and sensitive 
to longitudinal change is required to assess patient-reported outcomes in 
clinical trials evaluating interventions for dental caries.  The measure could 
also be used to influence public health policy by determining what the impacts 
of dental caries are for children and how these change following different 
treatments.  This would allow recommendations to made regarding funding of 
primary care or specialist services.  In addition, the measure could be used 
alongside measures of general HRQoL and preference-based utility measures 
(indeed, these types of measures have been used in studies investigating 
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children’s OHRQoL (Page et al., 2014; Paula et al., 2015) to allow comparisons 
to be made regarding the impact of dental caries with other health conditions.  
Although it remains to be seen whether measures of health-related quality of 
life or preference-based health utility measures are responsive to changes in 
OHRQoL.  
 
It should also be noted that, despite their widespread use, these measures have 
not been evaluated using quality criteria such as those suggested by the 
COSMIN group.  To fulfill the objectives of this thesis, each of these measures 
will be assessed using existing quality criteria in Chapter Five. 

4.7 Publications	related	to	the	work	described	in	this	Chapter	

4.7.1 Peer-reviewed	journal	article	

• Gilchrist F, Rodd, HD, Deery C and Marshman Z.  Involving children in 
research, audit and service evaluation. British Dental Journal 2013; 214: 577 – 
582.
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Chapter Five	

Systematic	review	of	oral	health-

related	quality	of	life	measures	for	

children	

5.1 Introduction	

It is important that measures of HRQoL/OHRQoL are developed in a robust 
way and validated appropriately to ensure that outcomes are reliable. 
Measures which have good measurement properties will allow smaller 
treatment effects to be observed, thus meaning smaller sample sizes can be 
used in clinical trials and that stronger conclusions can be drawn from the 
results (Guyatt et al., 1987a).  This, in turn, will allow clinicians to choose the 
best treatments for their patients. 
 
The previous chapter discussed the development of the three most commonly 
used measures of OHRQoL for children.  This chapter will present a 
systematic review of the literature of the development of these measures and 
their evaluations to date against recognised criteria.  An understanding of the 
strengths and limitations of these existing measures will aid the development 
of the proposed new measure ensuring that it is robust and sensitive to clinical 
changes. 
 
Guidance exists for appraisal of HRQoL measures and PROMs (Gill and 
Feinstein, 1994; Guyatt and Cook, 1994; Lohr, 2002).  Gill and Feinstein (1994) 
formulated criteria against which to appraise measures which purported to 
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measure HRQoL.  These were divided into “Investigator-specific criteria” and 
“Instrument-specific criteria”.  Investigator specific items were: 

• Did the investigators define what they meant by quality of life? 

• Did the investigators state the domains they intended to measure as 
components of quality of life? 

• Did the investigators give reasons for choosing the instruments that were 
used 

• Were the results aggregated into a single score for quality of life? 
 
Instrument specific criteria were as follows: 

• Were patients asked to give a global rating for quality of life? 

• Was overall quality of life distinguished from HRQoL? 

• Were patients able to provide supplemental items? 

• Were patients asked to indicate which items were particularly important to 
them? 

• If so, were these importance ratings incorporated into the final score? 
 
In using these criteria, the authors found that the majority of studies analysed 
failed to meet these standards.  However, others have argued that whilst these 
criteria philosophically meet the requirements of measuring HRQoL, it is 
difficult to compare across groups when patients can substitute their own 
items (Guyatt and Cook 1994).  Guyatt and Cook (1994), therefore offered a set 
of less stringent criteria against which measures could be assessed which were 
further modified by Locker and Allan (2007) following their review of 
OHRQoL measures .  These are summarised as follows: 
 

• Is the stated aim to measure OHRQoL and is this explicit? If so, are these 
constructs defined and are the constituent domains identified? 

 

• If not, is there an alternative construct measured by the instrument 
specified and defined and its constituent domains identified? 
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• Do the investigators specify the contexts in which the measure is to be 
used?  Was it developed for use with groups (as in surveys or clinical trials) 
or individuals (as in clinical practice)? 

 

• Were the items comprising the questionnaire derived from qualitative 
interviews with those intended to complete the questionnaire? 

 

• Is there evidence that the aspects of life that the items address are 
important to those who will be completing the questionnaire? 

 

• Does the questionnaire contain global ratings of health-related quality of 
life or quality of life? 

 

• How was the measure validated?  Was it tested against oral health 
indicators or were broader indicators that may capture aspects of quality of 
life used? Is the stated aim to measure OHRQoL and is this explicit? If so, 
are these constructs defined and their constituent domains identified. 

 
These criteria evaluate the patient-centered nature of the measure but do not 
address the underlying psychometric properties required to validate such a 
measure.  As discussed in Section 4.5.4, the COSMIN checklist was developed 
in 2010 (Mokkink et al., 2010a).  Following an international Delphi study, a 
checklist was developed which encompassed all the measurement properties 
which the panel felt were important and the statistical methods which were 
appropriate to measure these.  The original checklist had a dichotomous 
scoring system for each item, which was further refined in 2011 and a 4-point 
scale developed (Appendix A) (Terwee et al., 2012).  It is hoped that the use of 
this checklist will standardise systematic reviews of PROMs.  In addition, 
quality criteria for each measurement property can be used in conjunction 
with the COSMIN checklist (Terwee et al., 2007).  These are shown in Table 5.1. 
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Table 5.1.  Quality criteria based on those proposed by Terwee and 
colleagues (2007).   

Property Quality criteria* 

Content validity +  A clear description is provided of the aim of the 
measure, the target population, concepts being 
measured and involvement of the target 
population and/or investigators or experts in 
item selection 

?  A clear description of the above is lacking or 
only target population involved or doubtful 
design or method 

-   No target population involvement 
0  No information on target population 

Internal consistency +  Factor analyses on adequate sample size (7x the 
number of items and >100) and Cronbach’s 
alpha calculated per dimension and between 0.7 
and 0.95 

?   No factor analysis or doubtful design or method 
-   Cronbach’s alpha <0.7 or >0.95 
0   No information found on internal consistency 

Criterion validity + Convincing argument that there is a “gold 
standard” and correlation >0.7 

? No convincing argument that gold standard truly 
is “gold” or doubtful design or method 

-  Correlation with gold standard <0.7 
0  No information on criterion validity 

Construct validity +  Specific hypotheses were formulated and at 
least 75% of the results are in accordance with 
these 

?  Doubtful design or method 
-  Less than 75% hypotheses confirmed 
0  No information on construct validity 

Reproducibility Agreement 
+  MIC > SDC or MIC outside LOA or convincing 

arguments that agreement is acceptable 
?  Doubtful design or method  or above not 

fulfilled 
-   MIC >SDC or MIC equals or inside LOA 
0  No information found on agreement 
Reliability 
+  ICC or weighted Kappa >0.7 
?  Doubtful design or method (e.g. time interval 

not mentioned) 
-  ICC or weighted Kappa <0.7 
0  No information on reliability 

Responsiveness +  SDC < MIC or MIC outside LOA or RR > 1.96 or 
AUC > 0.7 

?  Doubtful design or method 
-  SDC > MIC or MIC equals or inside LOA or RR < 

1.96 or AUC < 0.7 
0  No information on responsiveness 

Floor or ceiling effects +  < 15% of the respondents achieved the highest 
or lowest scores 

?  Doubtful design or method 
-   > 15% of the respondents achieved the highest 

or lowest scores 
0  No information found on interpretation 

Interpretability +  Mean and SD scores presented for at least four 
relevant subgroups of patients and MIC defined 

?  Doubtful design or method or less than four 
subgroups or no MIC defined 

0  No information on interpretation 
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Property Quality criteria* 

Content validity +  A clear description is provided of the aim of the 
measure, the target population, concepts being 
measured and involvement of the target 
population and/or investigators or experts in 
item selection 

?  A clear description of the above is lacking or 
only target population involved or doubtful 
design or method 

-   No target population involvement 
0  No information on target population 

Internal consistency +  Factor analyses on adequate sample size (7x the 
number of items and >100) and Cronbach’s 
alpha calculated per dimension and between 0.7 
and 0.95 

?   No factor analysis or doubtful design or method 
-   Cronbach’s alpha <0.7 or >0.95 
0   No information found on internal consistency 

 
MIC=Minimal important change; SDC=smallest detectable change; LOA=limits of 
agreement; ICC=intraclass correlation; SD=standard deviation. 
 +=positive rating; ?=Indeterminate rating; -=negative rating; 0=no information 
available.  *Doubtful design or method = lacking a clear description of the design or 
methods of the study, sample size smaller then 50 subjects or any other important 
methodological weakness in design or execution of the study. 

 
 

The authors acknowledge that the criteria set are somewhat arbitrary and that 
they will require refinement over time; however, it is hoped that providing 
quality criteria will allow objective assessment of health status measures.  By 
thus identifying areas of strength and weakness, further refinement of existing 
measures can be made.  In addition, such objective measurement can aid the 
selection of the appropriate measures for use in clinical studies. 
 
The above guidance overlaps and together provides a robust basis for the 
systematic review of measures of HRQoL.  Those of Gill and Feinstein (1994) 
and Guyatt and Cook (1994) address the patient-centredness and content 
validity of the measure while those from the Medical Outcomes Trust and 
COSMIN focus on the psychometric evaluation.  By combining these elements 
a robust and comprehensive review of measures of OHRQoL will be possible 
and help to inform the development of the new measure.   
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5.2 Aim	

The aim of this next stage of the thesis is to assess the methodological quality 
of the development and testing of CPQ, C-OIDP and COHIP, the most widely 
used child-self report OHRQoL measures. 

5.2.1 Objectives	

To fulfill this aim, the specific objectives are to: 

1. describe the above measures and their use 
2. assess the methodological quality and measurement properties against 

existing criteria 
The criteria used were based on those described by Locker and Allen and 
COSMIN criteria (Locker and Allen, 2007; Terwee et al., 2007; Mokkink et al., 
2010a). 

5.3 Methods	

5.3.1 Search	strategy	

A systematic search strategy was used to identify eligible studies, using the 
Mesh terms “child” and “quality of life” in combination with the names or the 
commonly used acronyms of the three measures.  Both MEDLINE (through 
PubMed) and Web of Science were used to search for articles published up to 
December 2012. Reference lists of included studies were also searched to 
identify additional studies. 

5.3.2 Selection	criteria	

Titles and abstracts were read independently by two investigators (FG and 
ZM) to ascertain whether they met the inclusion criteria.  Disagreements were 
resolved by discussion and, where doubt existed, the full paper was retrieved.  
A paper was judged to be suitable for inclusion if:  

• it used either the CPQ, COHIP or C-OIDP (or versions of them) 

• it included participants aged 16 years or younger 

• the measures were completed by the participants, not proxies 
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• the full paper was available in English 

• it reported primary data 

5.3.3 Data	collection	

Description of measures and their use (Objective 1) 
To fulfill objective one and describe the measures and their use, data were 
collected relating to: 

• The aim of the measure 

• The measure used 

• Study type (for example; development, validation, cross-cultural 
adaptation, etc.) 

• Population (i.e. clinical, school-based) 

• Measurement properties (detailed below) 

• Methods used to develop the measure (using the criteria proposed by 
Locker and Allen (2007)) 

 
Data were extrapolated by two teams of two investigators (FG/HR and 
ZM/CD) for all included studies and analysed by FG.  A protocol (developed 
by FG), with description of the data required to be collected was produced.  
The data collection spreadsheet was piloted using 10 articles, following which 
descriptors were added to each of the categories to aid completion.  A training 
exercise was then held by FG with all investigators to ensure consistency of 
data extraction.  Where there was disagreement between investigators, this 
was resolved by discussion to reach a consensus.     

Assessment of the methodological quality of the development and testing of 
measures (Objective 2) 
The COSMIN checklist was used to evaluate the quality of studies that 
reported the development or evaluation of the original form of the CPQ, 
COHIP or C-OIDP in the original language (Mokkink et al., 2010a).  This tool 
allows the methodological quality of studies to be assessed against criteria for 
each measurement property and has been used successfully in systematic 
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reviews of outcome measures (Schellingerhout et al., 2011; Chow et al., 2013; 
Park et al., 2013; Pusic et al., 2013; Weldam et al., 2013; Haywood et al., 2014).   
The checklist contains 5-18 items per property which are rated excellent, good, 
fair or poor, with the lowest score for any item being assigned as the overall 
score for that property.   
 
Two reviewers (FG and ZM) decided which properties had been assessed in 
each study and assigned an overall score.  A calibration exercise was held 
prior to data collection to ensure consistency.  Disagreements were resolved by 
discussion between investigators to reach a consensus.  Both intra- and inter-
examiner reliability were assessed and were found to be excellent (weighted 
Kappa = >0.9). 

Quality assessment rating 
The rating system proposed by Terwee and colleagues (2007) was used to 
assess the quality of the instruments using the results of the studies evaluated 
by the COSMIN checklist.  This allows a positive, negative or indeterminate 
rating to be assigned depending on the published results.   

Measurement properties analysis 
Validity, reliability, responsiveness and interpretability of the measures were 
analysed using the following aspects as discussed in Section 4.5.4 (Terwee et 
al., 2007): 

• Content validity: The degree to which the items in the measure are a 
reflection of those important to the study population and to the construct 
under scrutiny.  

• Construct validity: this refers to the extent to which scores relate to other 
measures of a similar concept under scrutiny and should be tested using 
predefined hypotheses to avoid bias.   

• Internal consistency: the extent to which items measure the same construct. 
In Classic Test Theory (CTT), this is expressed using Cronbach’s alpha 
value.  Factor analysis or item response theory should be used to confirm 
unidimensionality.  
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• Criterion validity: this relates to whether the scores on a particular measure 
have a positive correlation with a gold standard.  There are no gold 
standards in the field of OHRQoL and therefore measurement of this is 
only appropriate when testing a short form against the existing measure. 

• Test-retest reliability: the ability of the measure to produce reproducible 
results in a stable population over time.  This should be analysed using the 
intraclass correlation coefficient (ICC). 

• Responsiveness: the ability of a measure to detect clinically important 
changes over time, for example, after an intervention.  The Minimal 
Important Difference (MID) should be stated and the change score should 
correlate with the global rating of change score.  

• Floor or ceiling effects:  these were considered to be present where more 
than 15% of patients score the highest or lowest score possible.  

• Interpretability: the degree to which scores on the measure can be given 
qualitative meaning.  For example, the provision of means and standard 
deviation of scores of relevant subgroups (clinical diagnoses, age groups, 
gender). 

Best evidence synthesis 
A best evidence synthesis was performed to summarise the evidence for each 
measure based on the methodological quality, consistency of results and the 
number of studies.  
 
Two reviewers (FG and ZM) assessed the evidence for each measure and 
assigned a rating.  A training exercise was held to ensure consistency.  
Disagreements were resolved by discussion between investigators to reach a 
consensus.   
 
The results were defined as: 

• Strong evidence: consistent findings in multiple studies of good 
methodological quality or one study of excellent quality 

• Moderate evidence: consistent findings in multiple studies of fair 
methodological quality or one study of good quality 
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• Limited evidence: one study of fair methodological quality. 
Where there were only studies with poor methodological quality or where 
statistical methods other than those recommended were used, a lack of 
evidence was noted. 

5.4 Results	

The search strategy yielded 653 papers. Four hundred and seventeen were 
duplicates leaving a total of 236 abstracts.  Following analysis of the abstracts, 
126 full papers which appeared to meet the inclusion criteria were retrieved.  
Of these, six were excluded as they did not meet the inclusion criteria 
therefore 120 papers were included in the final analysis (Figure 5.1).  The 
majority used a version of the CPQ, most frequently the original version of 
CPQ11-14 (Figure 5.1).  Most papers reported cross-sectional studies (n = 117) with 
three of longitudinal design (Figure 5.2).  The number of publications using 
these measures steadily increased from 2008-2011 and reached a peak of 21 in 
2011.  A decline, perhaps related to delays in indexing of the databases, was 
seen in 2012 (Figure 5.3). 
 
Fifteen studies which had used the original version of the measures in their 
original language were included in the COSMIN analysis.  The following 
subsections will present findings relating to the evaluation of each 
questionnaire with the additional COSMIN analysis. 
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Figure 5.1.  Flowchart detailing included articles in main study.  

CPQ=Child Perceptions Questionnaire 
C-OIDP=Child Oral Impacts on Daily Performances Index 
COHIP=Child Oral Health Impact Profile 
*Some papers used more than one measure. 
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Figure 5.2.  A
im

 of studies described by each paper and characteristics of study population (n = 120). 
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Figure 5.3.  Publications per year in total and for each m
easure. 
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5.4.1 CPQ		

This questionnaire was developed in Canada and was originally validated in 
children with caries, malocclusion and craniofacial anomalies (Section 4.6.1).  
A number of versions have been produced.  The original item pool was 
developed following a review of existing oral health and paediatric measures.  
This was further reduced following discussion with healthcare professionals, 
parents of children and children with a variety of oral conditions.  The 
included studies are shown in Appendix B.  

CPQ11-14 
a 

Description of CPQ11-14 and its applications 

The aim of this questionnaire was to “produce a measure which conformed to 
contemporary concepts of child health and had discriminative and evaluative 
properties, and which is applicable to children with various dental, oral and 
oro-facial disorders”.  Although not explicitly stated, the measure must 
therefore have been designed to measure change at a group level due to its 
aims. The measure was validated by comparing scores between groups (caries, 
malocclusion, craniofacial) and by correlating overall scores with global 
ratings.  Further details are shown in Table 5.2. 

Study types/populations 

Fifty-six papers used CPQ11-14.  Of these, one described development of the 
measure and seven its validation.  Cross-cultural adaptation and validation of 
these versions were described in 12 studies from Hong Kong, Brazil, Denmark, 
Uganda, Saudi Arabia, Thailand and Germany.  One paper investigated 
agreement between self- and interview-administered versions and one study 
reported on the changes in scores during orthodontic treatment.  The 
remaining articles described OHRQoL in cross-sectional population studies 
and explored the impact of various dental and medical conditions.  
 

                                                
a Studies included in this section are referenced in Appendix B with the suffix a 
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CPQ11-14 had been translated into Chinese, Brazilian-Portuguese, Danish, 
Luganda, Arabic, Thai and German.  Further versions in Malay, Finnish, 
Norwegian and Russian were described but no details were provided 
regarding their validation. 
 

Measurement properties 

Eleven studies reported test-retest reliability with ICCs ranging from 0.6 to 
0.94.  The test-retest period varied from one week to one month and involved 
between 14 and 84 participants.  
 
Internal consistency was investigated in 19 studies for CPQ11-14 with Cronbach’s 
alpha ranging from 0.81 to 0.95. Factor analysis was used in one study using 
the Chinese version and showed that the emotional and social wellbeing 
subscales had a poor fit to the model.  No studies had used IRT methods to 
investigate unidimensionality.   
 
Criterion validity testing was not appropriate for this measure as there is no 
gold standard.  Construct validity was measured in 17 studies using global 
ratings and clinical data. Positive correlations were found for total scores and 
the global ratings of oral health and life overall but conflicting results were 
reported for correlations with total scores and clinical data. 
 
No studies reported face or content validity testing, except during the 
development and cross-cultural adaptation of the measures. 
 
Specific details regarding floor and ceiling effects were reported in only seven 
studies, with up to 3 and 5% of participants scoring zero or the maximum 
scores respectively. Only seven studies discussed the number of omitted items, 
with five reporting the exact number of missing responses  
 
Two studies reported longitudinal data with one reporting that the MID was a 
change in score of 4 points.  The other study did not discuss what would be 
considered a clinically important change in score over time. 
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Mean and subgroup scores, where available, are shown in Appendix B. 

Assessment of the methodological quality of the development and testing of CPQ11-14 

The CPQ11-14 was studied in four papers in children with dental caries, enamel 
defects, malocclusion and craniofacial disorders.  The original form has been 
validated in Canada and the UK. 

Validity  
Hypothesis testing for construct validity was performed in all four studies 
using correlations with clinical data and global ratings.  The methodology was 
rated excellent in two cases (Marshman et al., 2005; O'Brien et al., 2007) and 
fair in the other two cases (Jokovic et al., 2002; O'Brien et al., 2006).  The results 
for construct validity were rated positively in all studies.  Content validity was 
considered in one study of fair methodology and rated positively (Jokovic et 
al., 2002). Criterion validity was not applicable for this measure as there is no 
gold standard. 

Reliability  
Internal consistency was analysed in all four studies and the methodology was 
rated uniformly poor, as the studies did not report testing of 
unidimensionality by factor analysis or item response theory.  Therefore 
internal consistency was rated as indeterminate, however, it should be noted 
that all studies reported Cronbach’s alpha of between 0.7 and 0.95.  Test-rest 
reliability was performed in three studies, one of which was rated as good 
(Marshman et al., 2005), one fair (Jokovic et al., 2002) and one poor (O'Brien et 
al., 2007) and all had a positive ICCs. 

Best evidence synthesis (Table 5.3) 
Combining the results of the methodological quality with the published results 
produced strong evidence for construct validity and lack of floor or ceiling 
effects, limited evidence for interpretability, reliability and content validity 
and a lack of evidence for internal consistency. 
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Table 5.3.  Best evidence synthesis per m
easure. 

 +++ or --- = strong evidence of positive or negative result respectively; ++ or –  = m
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CPQ8-10
2 

Description of CPQ8-10 and its applications 
The aim of this measure was not explicitly stated, but it was assumed to be the 
same as that for CPQ11-14.  Questions for this version were derived by a child 
psychologist, teachers and parents from the questions in the CPQ11-14, with no 
input from children. Testing of the measure took the same approach as 
described above for CPQ11-14 (Table 5.2, page 87).   

Study types/populations 
Fifteen of the included studies had used CPQ8-10.  One reported its 
development, two its validation and three were cross-cultural adaptations in 
Brazil, Denmark and Mexico. One was a longitudinal investigation of children 
following atraumatic restorative technique and one study measured 
agreement between self- and interview-administered questionnaires. The 
remainder (n=7) described the impact of temporomandibular dysfunction, 
caries, fluorosis, neutropenia, malocclusion and OHRQoL of cancer survivors. 
 
CPQ8-10 is currently available in Brazilian-Portuguese, Danish and Spanish. 

Measurement properties 
Four studies investigated test-retest reliability with ICCs ranging from 0.67 to 
0.96.  Retest periods ranged from seven days to two weeks and involved 
between 33 and 162 participants. 
  
Eight papers reported internal consistency with Cronbach’s alpha values 
ranging between 0.82 and 0.95.  One study used factor analysis and found that 
18 of the 25 items fitted the mathematical model.  No studies were identified 
that had used IRT methods to evaluate unidimensionality. 
 
Construct validity was tested using correlations between global ratings, proxy 
measures and clinical data.  All showed mainly positive correlations.  Criterion 

                                                
2 Studies included in this section are referenced in Appendix B with the suffix b 
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validity assessment was not appropriate for this measure as there is no gold 
standard.  No studies reported face or content validity testing. 
 
Only one article discussed floor and ceiling effects and reported that none 
were found.  Only two studies discussed missing data, with the number of 
missing responses reported in each. 
 
One study reported longitudinal data, however, no details of the magnitude of 
change that would be considered clinically important were discussed. 
 
Details regarding mean and subgroup scores are shown in Appendix B. 

Assessment of the methodological quality of the development and testing of CPQ8-10 
Two studies reported findings from the CPQ8-10 in children: one involved 
participants with craniofacial disorders in Canada and one included a school 
population in Northern Ireland. 

Validity 
Hypothesis testing for construct validity was performed in both studies and 
was found to be positive using global ratings (Jokovic et al., 2004; Humphris et 
al., 2005) and other measures of similar constructs (Humphris et al., 2005).  The 
methodology of one study was rated good (Jokovic et al., 2004) and fair for the 
other (Humphris et al., 2005).  Development of the content of the measure did 
not involve the target population (i.e. children) and therefore the methodology 
was rated poor and it was assessed as being negative for quality.  Testing of 
criterion validity was not appropriate for this measure as there is no gold 
standard. 

Reliability 
Internal consistency was analysed in both studies, with factor analysis 
employed in one (Humphris et al., 2005) which was rated fair for methodology 
and therefore rated positively for the measurement property.  The other 
(Jokovic et al., 2004) was rated poor as there was no analysis of 
unidimensionality using factor analysis or IRT.  Both studies had acceptable 
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Cronbach’s alpha.  One study tested test-retest reliability which was rated fair 
methodologically and given a positive rating for reliability. 

 

Best evidence synthesis (Table 5.3, page 88)  
Combining the results of methodological quality with the published results 
demonstrated there was moderate evidence of positive construct validity, 
limited positive evidence to support internal consistency, reliability, 
interpretability and lack of floor/ceiling effects and no evidence to support 
adequate content validity. 

CPQ short forms3 

Description of CPQ short forms and their uses 
Four short forms of the CPQ are available, two with 16 items and two with 
eight items, each derived from the questionnaires for 11-14-year-olds. Eight- 
and sixteen-item versions were produced using item impact data from the 
original study resulting in questionnaires containing two and four items per 
domain respectively.  These are termed the “impact short forms” (ISF:8 or 
ISF:16).  The other versions were developed using the original validation data 
and by selecting the two or four items contributing most to the coefficient of 
variation for each domain, and called the “regression short forms” (RSF:8 or 
RSF:16).  All short forms are scored in the same way as the original version 
with a recall period of three months (Table 5.2, page 87). 

Study types/populations 
Eighteen studies were identified where the CPQ short forms had been used, 
including three which used non-standard abbreviated versions.  These non-
standard versions were not included in the following analysis.  One described 
development, two validation and three were cross-cultural adaptions from 
Hong Kong, Brazil and Brunei.  The remaining studies reported the impact of 
dental trauma, orthodontic treatment and socioeconomic disparities in 
OHRQoL. 
 

                                                
3 Studies included in this section are referenced in Appendix B with the suffix c 
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The short forms of CPQ11-14 have been translated into Chinese, Brazilian-
Portuguese and Malay.  

Measurement properties 
Three studies investigated test-retest reliability with ICCs ranging from 0.5 to 
0.98.  All reported periods between tests were two weeks and involved either 
34 or 86 participants (one study did not report the number of participants). 
 
Internal consistency was reported in six studies with Cronbach’s alpha values 
ranging from 0.5 (RSF:8) to 0.9 (ISF:16).  One study employed confirmatory 
factor analysis on the Chinese versions of the short forms and found good fit 
to the model for all four subscales in the RSF:16, ISF:8 and RSF:8 versions.  The 
social wellbeing subscale did not fit the mathematical model for the ISF:16 
version. 
 
One study investigated face and content validity of the ISF:16 in an 
orthodontic population in the UK.  This enquiry found a number of the items 
to be irrelevant especially with regard to the domains of oral symptoms and 
functional limitations.  The participants also felt there were a number of items 
of importance to them which had been omitted from the measure. 
 
Criterion validity was examined against the full version and found to be 
positive.  Construct validity was assessed using global ratings and clinical 
data.  Positive correlations with total score and global ratings of oral health 
and life overall were consistently found, however, there were conflicting data 
for correlations between total scores and clinical status. 
 
Ten studies reported floor effects, ranging from 1.6% for ISF:16 to 13.3% for 
RSF:8 where a proportion was stated.  Two studies reported ceiling effects 
ranging from 0 to 5%.  Three studies reported the number of missing 
responses. 
 
Mean and subgroup scores are shown in Appendix B. 
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Assessment of the methodological quality of the development and testing of CPQ short 
forms 
Two studies investigated all short forms of the CPQ11-14, one in a clinical 
population in Canada including children with caries, malocclusion and 
craniofacial disorders and the other in a school in New Zealand.  The third 
study investigated face and content validity of the ISF:16 in children 
undergoing orthodontic treatment in the UK. 

Validity 
Hypothesis testing for construct validity was undertaken in two studies using 
clinical data and global ratings (Jokovic et al., 2006; Foster Page et al., 2008) 
both of which had fair methodology and were rated positively.  Criterion 
validity was tested in both studies against the original measure and was found 
to be positive with a fair methodology in both studies.  The investigation of 
content validity (Marshman et al., 2010) had excellent methodology and found 
that some items were irrelevant to the target population and therefore this 
aspect was rated negatively. 

Reliability 
Both studies (Jokovic et al., 2006; Foster Page et al., 2008) which investigated 
internal consistency were rated poor for methodology and were subsequently 
given an indeterminate rating for the measurement property as neither used 
factor analysis or IRT methods to confirm unidimensionality.  Only one study 
(Jokovic et al., 2006) analysed test-retest reliability which was given a positive 
rating and graded as having fair methodology.   
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Best evidence synthesis (Table 5.3, page 88) 
Combining the elements from the methodological quality rating and the 
published results, moderate evidence was found to support the lack of 
floor/ceiling effects, limited positive evidence for construct validity, reliability 
and interpretability.  There was no evidence to support adequate internal 
consistency.  There was strong evidence that content validity was inadequate 
in an orthodontic population for the ISF:16 version in the UK.  

5.4.2 C-OIDP4	

Description of C-OIDP and its applications 
This measure was developed from the existing Thai version of the Oral 
Impacts on Daily Performances index (OIDP) (Section 4.6.2).  It can be 
assumed that the aim of C-OIDP was to be a socio-dental health indicator 
(measuring the social effect of dental conditions) based on the theoretical 
model of oral health consequences, that underpinned the OIDP (Adulyanon et 
al., 1996). Validity was tested using correlations with two global questions 
(perceived oral health problems and perceived treatment need).  Further 
details are shown in Table 5.2 (page 87). 

Study type/populations 
Thirty-three papers reported use of C-OIDP.  One reported development and 
two its subsequent evaluation.  Ten articles described cross cultural adaptation 
and subsequent validation in the United Kingdom, Malaysia, France, the 
Sudan, Tanzania, Spain, Italy, Brazil and Peru.  Two studies investigated the 
level of agreement between self- and interview-administrations and one gave 
an account of changes in impact following treatment of caries.  The remainder 
described the impact of various oral and medical conditions.   
 
C-OIDP is available in English, French, Malay, Arabic, Kiswahili, Spanish, 
Portuguese and Italian.  A further paper described its use in Hungary, 
however, no details were given regarding the validation of this version. 

Measurement properties 
                                                
4 The studies included in this section are referenced in Appendix C 
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Eighteen studies reported test-retest reliability with ICCs ranging from 0.7 to 
0.98.  Test intervals ranged from the same day to three weeks and involved 
between 18 and 106 participants. 
 
Five studies reported internal consistency for C-OIDP with Cronbach’s alpha 
values ranging between 0.79 and 0.91.  No studies were identified that 
employed factor analysis or IRT methods to evaluate unidimensionality. 
 
Construct validity was tested using perception of treatment need, satisfaction 
with oral health, dental appearance and clinical data.  Significant correlations 
were found with perceived need for treatment, oral hygiene and satisfaction 
with oral health.  Testing of criterion validity was not appropriate for this 
measure.  There were no studies which reported investigation of face or 
content validity. 
 
There were no studies which reported the incidence of floor or ceiling effects.  
Only one study stated the completion rate, stating there were no missing 
responses.   
 
One study was longitudinal in design, however, no data were available 
regarding changes in score which were considered clinically significant. 
 
Appendix C provides mean and subgroup scores, where available. 

Assessment of the methodological quality of the development and testing of C-OIDP 
This questionnaire had been analysed in two studies involving Thai school 
children and these studies were evaluated using the COSMIN criteria. 

Validity 
Development of the content of the measure was rated as fair and given a 
positive rating (Gherunpong et al., 2004a).  Hypothesis testing for construct 
validity was undertaken in two studies using clinical data (Bernabe et al., 2009) 
and perceived oral health need (Gherunpong et al., 2004a; Bernabe et al., 2009) 
with good methodology.  One study found positive findings, while the other 
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found positive findings using a condition-specific version. Criterion validity 
testing was not appropriate for this measure as there is no gold standard. 

Reliability 
Testing of internal consistency and test-retest reliability were tested in one 
study (Gherunpong et al., 2004a).  Assessment of internal consistency was 
rated poor methodologically due to lack of testing for unidimensionality and 
therefore given an indeterminate rating, although Cronbach’s alpha was 
adequate.  Reliability testing was rated fair for methodological quality and 
given a positive rating for the published results.   

Best evidence synthesis (Table 5.3, page 88) 
Moderate positive evidence was available to support construct validity, there 
was limited evidence of positive reliability and interpretability and no 
evidence for internal consistency. 

	

5.4.3 COHIP5	

Description of COHIP and its applications 
This instrument was designed for use in clinical situations to discriminate 
between children with different clinical conditions and with differing clinical 
severity (Section 4.6.3).  It was intended for use in research and in clinical 
practice. Validity was tested using comparisons between groups (caries, 
malocclusion and craniofacial), and in those with differing levels of clinical 
severity.  Correlation with other instruments and the two global rating 
questions (treatment expectations and effect on life overall) were also 
undertaken.  Further details are available in Table 5.2 (page 87). 

Study types/populations 
Eleven articles included COHIP.  One study reported development of the 
measure and two its validation.  Four described cross-cultural validation in 
Korea, Iran and the Netherlands.  The remaining studies described 
investigation of the impact of orthodontic treatment, correlations with self-

                                                
5 The studies included in this section are referenced in Appendix D 
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reported dental aesthetics, the impact of cleft lip and palate and concordance 
between child and caregiver’s scores.   
 
COHIP has been translated into Dutch, Korean, Malay and Farsi. Finnish, 
Norwegian and Russian versions have also been reported but there was a lack 
of validation data for these translated measures. 
 

Measurement properties 
Two studies assessed test-retest reliability with ICCs ranging from 0.84 to 0.88, 
one using a two-week and the other a three-week interval between tests.  The 
number of patients involved was not defined in either study. 
 
Internal consistency was evaluated in seven studies with Cronbach’s alpha 
ranging from 0.79–0.91.  Factor analysis was used to evaluate the Brazilian 
version of COHIP and found that only the oral symptoms and the emotional 
wellbeing fitted the mathematical model.  No studies used IRT methods to 
evaluate unidimensionality. 
 
Construct validity was measured in four studies, using correlations with 
global ratings of general and oral health, clinical data and parental scores.  
Statistically significant correlations were found between global ratings, 
number of carious surfaces and degree of overjet. 
 
As there is no gold standard, testing of criterion validity was not appropriate 
for this measure.  No data were available for face or content validity outwith 
the initial development stage. 
 
Two studies reported the proportion of floor (0-0.4%) and ceiling effects (0%).  
Three studies discussed missing data, with proportions of missing responses 
ranging from 0.4% to 55.7%. 
 
There were no longitudinal studies and therefore there are no responsiveness 
data available for this measure. 
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Mean and subgroup scores are shown in Appendix D. 

Assessment of the methodological quality of the development and testing of COHIP 
Three studies investigated the COHIP in clinical and school populations in 
Canada and USA. 

 

Validity 
The methodology for development of the content of the questionnaire was 
rated as excellent and found to be positive (Broder et al., 2007).  Hypothesis 
testing for construct validity was investigated in two studies (Broder and 
Wilson-Genderson, 2007; Dunlow et al., 2007).  These were found to have 
excellent methodology and were rated positively. 

Reliability 
One study (Broder and Wilson-Genderson, 2007), investigated internal 
consistency, this had a good methodology but did not test unidimensionality 
in this population and was therefore rated indeterminate.  The same study 
(Broder and Wilson-Genderson, 2007) investigated test-retest reliability and 
was rated fair with a positive result. 

Best evidence synthesis (Table 5.3, page 88) 
There was strong positive evidence of adequate content validity and construct 
validity and limited positive evidence of reliability and interpretability.  There 
was no information provided regarding the presence of floor or ceiling effects.  
Although factor analysis had been performed during the development of the 
measure, to aid item reduction, further investigation of the unidimensionality 
of the scale had not been performed and therefore internal consistency was 
rated as indeterminate. 

COHIP short form  

Description of COHIP short form and its uses 
Recently, a 19 item short form of the COHIP has been developed by using 
confirmatory factor analysis to remove items with weak loadings.  This version 
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had not been tested independently at the time of this review (Broder et al., 
2012). 

Assessment of the methodological quality of the development and testing of COHIP 
short form 
This measure has been evaluated only in the study used to develop the 
measure (Broder et al., 2012). Data from the original version were used to 
evaluate the measure. 
 

Validity 
Hypothesis testing for construct validity using clinical data, parental and 
global ratings revealed positive results with a fair methodology.  Criterion 
validity was not assessed despite the fact that the original form would be 
considered the gold standard. 

Reliability 
Confirmatory factor analysis was used to determine the items for inclusion in 
the short form, therefore the measure was given a positive rating for internal 
consistency with a fair methodology.  However, IRT was not used to confirm 
unidimensionality. 

 

Best evidence synthesis. 
This was not evaluated due to the limited evidence for this measure at the time 
of this review. 

5.5 Discussion	

This review evaluated the three most commonly used generic measures of 
OHRQoL for children against existing criteria and the findings will inform the 
development of the proposed new measure.  The CPQ11-14 was found to be the 
most frequently employed measure, followed by the C-OIDP.  
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5.5.1 Development	and	validation	

Although the aim of the measures seemed implicit from the outset, OHRQoL 
was not defined in any of the papers describing their development.  As there is 
great debate about whether measures of this type can really capture aspects of 
quality of life, it is important to define exactly what it is that will be measured 
(Locker and Allen, 2007).  Some authorities have suggested that measures such 
as these may be more appropriately termed “subjective health status 
measures” (Locker and Allen, 2007).  However, as the measures addressed in 
this systematic review include items which cover aspects of daily life they may 
be considered to measure OHRQoL (Bullinger et al., 1993).  The incorporation 
of global quality of life and oral health-related quality of life may allow 
patients to express their own feelings towards these concepts (Prutkin and 
Feinstein, 2002).  Analysis of this information, together with the numerical 
scores for the measure, may provide a way to ascertain the meaning of the 
scores derived from these instruments (Locker and Allen, 2007). 
 
In addition, further qualitative investigation may be required to ensure that 
measures cover the full range of issues which are important to children. 
Individuals with the relevant conditions should be involved in item generation 
(Broder et al., 2007).  Although children were involved in the development of 
some of these measures, they did not fully participate in item generation and 
therefore impacts which are important to children may have been omitted.  
Indeed, Marshman and colleagues found that orthodontic patients felt that 
some of the questions in the CPQ11-14-ISF:16 were irrelevant or difficult to 
understand (Marshman et al., 2010). Participants in that study also commented 
that a frequency based response format was less relevant than one which was 
based on severity.  This was the only study to investigate these aspects 
outwith the development process and therefore it is not possible to generalise 
these findings.  However, further investigation of face and content validity 
may be useful in other settings.  It should be noted that other investigators 
working with children, have implemented severity based response formats 
following children’s involvement (Christie et al., 1993; Otley et al., 2002; 
Stevens, 2009; Carlton, 2013a).  As both CPQ and COHIP rely mainly on 
frequency scores, this may impair their ability to adequately reflect children’s 
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views.  It is important that these aspects are considered during the 
development of the caries-specific measure to ensure that items are relevant 
and that the response format mirrors how children describe the impacts.  This 
strategy has previously been employed in the development of a preference-
based measure of health-related quality of life (Stevens, 2009). 
 
It has been suggested that quality of life measures should include both 
“positive” and “negative” items to encompass all aspects which may impact 
upon wellbeing (Broder, 2007).  Indeed, it has been suggested that the 
inclusion of positive items may aid identification of factors relating to coping 
or resilience which might otherwise be difficult to ascertain (Edwards et al., 
2002).  Of these measures reviewed in this chapter, only COHIP incorporates 
positive items.  These statements include “I am happy with my teeth” and 
“Felt that you were attractive”.  Both items were suggested during focus 
groups with parents and further endorsed by children.  While positive items 
may be useful in measures for some conditions, the benefit of positive items in 
a caries-specific measure is unclear, as the aim of treatment is to improve 
negative impacts such as pain, rather than to improve coping or self-esteem. 
 
Four studies investigated change following an intervention and reported 
changed mean scores (Zhang et al., 2008; Foster Page et al., 2010; Mashoto et 
al., 2010; Paula et al., 2012a).  Discussion of whether these changes were 
clinically meaningful was included in only one of the studies (Foster Page et 
al., 2010).  The COSMIN group recommend that, in order to validate a 
measure’s responsiveness, correlations between the change in score and a 
comparator instrument (e.g. patient’s perception of whether their condition 
has changed) should be assessed. This was not performed in any of the 
studies, therefore it cannot be assessed whether the reported changes found 
were valid.  (Abanto et al., 2013b; Amato et al., 2014; Brosens et al., 2014; de 
Paula et al., 2015; Turton et al., 2015) 
 
To evaluate responsiveness in a clinically meaningful way it is essential to 
calculate the minimal important change or difference (MID).  This can be done 
by comparing global ratings to assess when patients perceive change to have 
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occurred and their overall questionnaire score.  Thus the MID can be defined 
as “the smallest difference in score, that a person perceives as important” 
(Guyatt et al., 1987a).  Foster-Page and colleagues (2010) reported the MID, but 
not correlations between the change scores and global scores.  Since the 
original study was completed, further studies have reported on the 
responsiveness of CPQ11-14, CPQ8-10, CPQ11-14 16-item short form, C-OIDP and 
SOHO-5 (Abanto et al., 2013b; Amato et al., 2014; Brosens et al., 2014; de Paula 
et al., 2015; Turton et al., 2015).  Several of these studies reported the MID or 
effect sizes (Abanto et al., 2013b; Amato et al., 2014; de Paula et al., 2015; 
Turton et al., 2015).  However, none of these studies investigated correlations 
between change scores and the global transitional judgement question.  
Therefore although CPQ11-14, CPQ8-10, CPQ11-14 16-item short form and C-OIDP have 
been used longitudinally they have not yet been validated for use in this way 
according to the methodology suggested by the COSMIN criteria (Mokkink et 
al., 2010a).  
 
Disease-specific measures have been found to be more adept at detecting these 
clinically important changes as the questions specifically address issues 
associated with one disease (Wiebe et al., 2003).  As CPQ, C-OIDP and COHIP 
are generic, they may be unable to identify subtle changes following 
interventions.  A caries-specific measure should be sensitive to these changes 
and would allow the effects of different treatment regimens to be compared 
from the child’s perspective.  

5.5.2 Types	of	study	

In the main, the use of self-report OHRQoL measures for children has been 
restricted to validation, cross-cultural adaptation and the description of 
impacts in various dental and orofacial conditions.  There is very little 
information available about the impacts which may change following 
interventions for dental caries and that which does exist may not accurately 
reflect changes as the measures have not been validated for this purpose.  
Thus, many of their potential applications, such as those described in Table 4.3 
(page 60) have not yet been pursued.  For example, the theoretical models 
which the measures are based on have rarely been evaluated.  Exploration of 
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this facet may improve our understanding of what these questionnaires really 
measure (Baker et al., 2010). In addition, their influence on policy has yet to be 
seen.  It has been suggested that difficulty in interpretation, due to uncritical 
reporting of scores, has contributed to their lack of use by policy makers 
(Tsakos et al., 2013). 

5.5.3 Properties	

Methodological quality was assessed for 15 studies, most of which involved 
CPQ11-14.  The majority of studies were rated as excellent, good or fair in relation 
to assessment of test-retest reliability, hypothesis testing for construct validity 
and content validity.  However, lack of testing of internal consistency using 
factor analysis or item response theory (IRT) meant that most studies were 
rated poor for this property.  Factor analysis and item response theory allow 
redundant items to be removed, thus shortening the questionnaire and 
removing duplication, thereby creating more sensitive instruments and 
reducing participant burden.  It should be noted that such techniques have 
been employed in studies using versions of the measures which have been 
subject to cross-cultural validation.  However, these methods have not been 
consistently applied to the original forms which were included in this analysis 
(Geels et al., 2008a; Lau et al., 2009; Baker et al., 2010; Traebert et al., 2010a; 
Wong et al., 2011).   
 
No studies in the original review were identified that had used IRT methods to 
assess unidimensionality.  However, since the review was undertaken, one 
study has assessed unidimensionality using an IRT method (Yau et al., 2015).  
This study found that ISF:8 and RSF:8 versions of CPQ appeared to have 
acceptable unidimensionality but that items in the oral symptoms domain 
were not discriminating (Yau et al., 2015). However, studies which have used 
factor analysis on versions with more items have found that the measures may 
not be unidimensional (Humphris et al., 2005; Geels et al., 2008a; Lau et al., 
2009). Unidimensionality is an important property where measures are 
intended to assess change, as this allows conversion of the raw ordinal score 
into an interval scale.  Use of IRT methods can also identify items which are 
redundant due to local dependence and those which function differently in 
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different groups (Tennant and Conaghan, 2007).  Yau and colleagues (2015) 
found that there were items in CPQ11-14-ISF:8 and CPQ11-14-RSF:8 which were 
subject to differential item functioning (DIF) with females with similar levels 
of impact answering these questions differently to males (Yau et al., 2015).  
This has an impact on the overall score obtained as it will not adequately 
reflect the level of impact as female scores will be artificially inflated.  Rasch 
analysis (a form of IRT) will be used in the present study to ensure that the 
caries-specific measure is unidimensional, is free of DIF and that any 
redundant items are removed. 
 
Best evidence synthesis shows strong positive evidence for construct validity 
for both CPQ11-14 and COHIP, indicating that they measure appropriately 
according to the construct they intend to measure.  However, in this part of the 
analysis, COHIP had only been evaluated in two studies, both during its initial 
validation, and thus limited to one population.   
 
Positive evidence for test-retest reliability was found for all measures 
indicating that they are reliable in stable populations. Strong evidence of 
content validity was best for COHIP, due to the rigorous process implemented 
in its development.  Although as previously discussed, this could have been 
improved by involvement of children in the initial item generation, rather than 
at the item impact stage. 
 
The measures evaluated in this review were developed before the publication 
of standards such as the COSMIN checklist.  Therefore, some elements, such as 
analysis using item response theory, were not included in many studies and 
adversely affected their overall ratings. 

5.5.4 Interpretability	of	the	studies	

The COSMIN group recommend that, to allow assessment of interpretability 
and generalisability, studies should include demographic information (age, 
gender, location and population type), disease characteristics, the range and 
mean scores, the proportion of participants who had floor and ceiling effects 
and the methods used to select the sample (Mokkink et al., 2010a). Many 
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studies lacked clinical information about the participants, for example severity 
of malocclusion or dmft/DMFT for the population.  This makes it difficult to 
compare results between populations or to allow any understanding of what 
the range of scores might be in a given sample.  In addition, little information 
was provided regarding the proportion of missing items and how these were 
dealt with. Missing data can cause bias and reduce the power of the study but 
may also indicate that participants either do not want to answer a question or 
do not understand it (Fayers et al., 1998). Finally, very little information was 
provided on the time it took participants to complete the questionnaires.  This 
is an important aspect particularly for young children who might find it 
difficult to concentrate for long periods of time. 

5.5.5 Limitations	

The systematic review presented in this chapter assessed the three most 
commonly used self-report measures of OHRQoL for children.  There are 
other measures which have been developed to measure OHRQoL in children, 
however these were not included as they have not been as widely used.  Only 
articles published in English were included and therefore there may be studies 
which have used these measures which were not identified.  The analysis of 
methodological quality was only undertaken for those studies which had used 
the measure in its original form.  As two of the measures were developed in 
English (CPQ and COHIP), it is unlikely that any studies reporting the 
validation of these were omitted.  However, studies reported in other 
languages may have evaluated unidimensionality using factor analysis or IRT 
methods and these were not identified.  Further studies have been published 
since the original review was undertaken which have used IRT methods and 
measured responsiveness (Abanto et al., 2013b; Amato et al., 2014; de Paula et 
al., 2015; Turton et al., 2015; Yau et al., 2015).  However, IRT was used only to 
assess the Chinese version of CPQ11-14-ISF:8 and CPQ11-14-RSF:8 and 
although MID and effect sizes have been calculated, the measures have not 
been validated for longitudinal use using the methodology recommended by 
the COSMIN group (Mokkink et al., 2010a). 
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5.5.6 Novel	aspects	

This is the first study to report a comprehensive review of child self-report 
measures of OHRQoL. The COSMIN checklist was used to objectively review 
the measurement properties of each of the measures.  Although this checklist 
has been used in other systematic reviews of health measures, this is the first 
time it has been used to assess OHRQoL measures (Schellingerhout et al., 2011; 
Chow et al., 2013; Park et al., 2013; Pusic et al., 2013; Weldam et al., 2013; 
Haywood et al., 2014).  This study demonstrated the value and feasibility of 
using the COSMIN checklist and quality criteria.  There was good intra- and 
inter-rater reliability (weighted Kappa=>0.9), which was higher than has been 
reported previously (Mokkink et al., 2010b). This may be attributed to the 
training and calibration sessions which took place prior to employing the 
criteria.   

5.5.7 Summary	

This review has provided valuable information which will inform the 
development of the proposed caries-specific measure.  There is a lack of 
evidence that the existing measures are responsive longitudinally which 
strengthens the rationale for the development of a disease-specific measure.  It 
will be important to consult children prior to testing the measure to ensure 
that the items are relevant and that the response format is based upon their 
description of the impacts of the disease.  The COSMIN checklist will be used 
as a framework to evaluate the measurement properties of the questionnaire to 
ensure that sample sizes and statistical methods are appropriate.  Rasch 
analysis will be used to supplement Classic Test Theory to ensure that the 
measure is unidimensional and that redundant items are removed to minimise 
participant burden. 

 	



 107 

5.6 Publications	arising	from	the	work	described	in	this	chapter	

5.6.1 Peer-reviewed	journal	article	

• Gilchrist F, Rodd HD, Deery C, Marshman Z.  Assessment of the quality of 
measures of child oral health-related quality of life.  BMC Oral Health. 2014; 
23;14:40. 

5.6.2 Published	abstract	

• Gilchrist F, Rodd H, Deery C, Marshman Z. A systematic review of 
measures of oral health-related quality of life for children.  International 
Journal of Paediatric Dentistry 2012; 23 (s1): 1-256. Presented at the 
International Association of Paediatric Dentistry Conference, Seoul 2013.  
(Winner BSPD Max Horsnell Prize). 
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Chapter Six	

Development	of	the	measure	

6.1 Introduction	

The previous chapter discussed the strengths and limitations of existing 
measures of OHRQoL in children.  While existing measures are generic, there 
remains a need for a caries-specific measure of OHRQoL which is responsive 
to changes in the participant’s clinical state and thus will aid the evaluation of 
different approaches to the prevention and management of dental caries. 
 
This chapter will discuss the development of a caries-specific measure of 
OHRQoL.  The generation of items for the measure, reduction of these to 
ensure the most relevant are included, the formulation of the response format 
and the face and content validity of the measure will be outlined in the 
following text. 
 
The measure will be based on the definition of OHRQoL as proposed by 
Locker and Allen (2007) and will therefore encompass “The impact of oral 
diseases and disorders on aspects of everyday life that a patient or person 
values, that are of sufficient magnitude, in terms of frequency, severity or 
duration to affect their experience and perception of their life overall”. To 
ensure the resulting measure is relevant and meaningful to children with 
dental caries, it will follow the guidance offered by Guyatt and co-workers 
(1996) (Section 4.5.3) and will also meet the criteria proposed by Locker and 
Allen (2007) (Section 5.1) (Guyatt et al., 1986; Locker and Allen, 2007).  Guyatt 
and colleagues (1986), recommend a seven-stage process (Figure 6.1).  The first 
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stage involves selection of the items following interviews with participants 
with the disease to elicit what is important to them.  Following the generation 
of the items, it may be desirable to reduce these to a manageable number, 
ideally by asking a different group of participants to rate the importance and 
frequency of occurrence of each item.  Those which occur most frequently and 
are rated most important should be retained.  Once the final item selection has 
been made, the design and response format can be chosen before testing the 
measure for face and content validity.  When face and content validity have 
been verified, the measure can then be tested for construct validity, reliability 
(internal consistency and test-retest) and responsiveness.   
 
The first four stages (the remaining stages will be described in Chapter Seven) 
will be used to develop the measure, using child-centred methodologies to 
ensure that the broad concepts proposed by Locker and Allen (2007) are met.  
These are as follows: 
1. Measures should be patient-centred 
2. They must include aspects of daily life which are important to the patients 

involved and which may be affected by the disorder under investigation. 

6.1.1 Stage	1:	Item	selection	

The recommendation of Guyatt and co-workers (1986) is that a sample of 50-
100 participants with the disease should partake in a semi-structured 
interview to elicit the items which are important to them.  As discussed in 
Chapter Three and Chapter Five, the development of existing measures of 
OHRQoL involved parents and health professionals generating the items, 
which children were then invited to comment upon.  This approach results in 
a measure using adult terminology, which children may find difficult to 
comprehend. 
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Figure 6.1.  Questionnaire design stages adapted from Guyatt and colleagues 
(1986). 
 
Increasingly, there is a recognition that children have their own unique view 
and perspectives and that they should have the right to express these (United 
Nations, 1989).  Contemporary sociological research, as discussed in Section 
4.2.1, has used methodologies which draw out children’s own perspectives, 
rather than relying on the views of others (Christensen and James, 2000).  This 
shift has resulted from a change in viewing children as passive objects to a 
realisation that children are experts on their own lives.  The COSMIN group 
recommend that patients with the disease under scrutiny should be involved 
in judging the relevance of the items (Mokkink et al., 2010a).  The US Food and 
Drug Administration (FDA) also recommends that patients and lay persons 
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should be involved in developing measures designed for use in clinical trials 
(U.S. Department of Health and Human Services et al., 2009).  This 
involvement of the target population is particularly important where children 
are concerned to ensure that the correct vocabulary is used and that those 
impacts which are important to children themselves are included.  It has been 
suggested that the content validity and relevance is increased where those 
with the disease under scrutiny are involved in item generation (McColl, 
2005).  Indeed, techniques such as focus groups and in-depth or semi-
structured interviews with children have been used successfully to elicit this 
information in the development of HRQoL and health utility measures 
(Griffiths et al., 1999; Young et al., 2004; Detmar et al., 2006; Morris et al., 2007; 
Stevens, 2010; Carlton, 2013b).  Riley and co-workers (2004) reported that 
children as young as six years of age are able to self-report on their own health 
provided the questionnaire used is age-appropriate, therefore there is 
justification for developing a measure specifically for this young population.     
 
The use of focus groups in social research studies has increased over the past 
decades and can be used to gather information in a naturalistic environment, 
as they stimulate more conversation between participants, than in-depth 
interviews (Krueger  and Casey, 2000; Ritchie et al., 2003).  The focus group 
allows participants to interact with each other therefore generating further 
information.  Where children are involved it is advisable to have small groups 
to allow everyone to participate and to have children of similar ages in each 
group (Hoppe et al., 1995).   
 
In contrast, interviews allow participants to talk freely and in privacy.  This 
can result in richer information being produced and allows younger, quieter 
children to have their say.  Interviews should ideally be performed outside of 
the clinical environment and where it is most comfortable for the participant, 
which is often their own home.  A combination of these techniques will be 
used to develop the items for the measure in this study.   
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6.1.2 Stage	2:	Item	reduction	

Guyatt and co-workers (1986) recommend using a questionnaire to identify 
item frequency and importance.  Juniper and colleagues (1997) adopted this 
method to produce a shortened version of the Asthma Quality of Life 
Questionnaire and found that this approach included more items of 
importance to people with asthma.  The CPQ11-14 was also developed using this 
approach, whereby an item impact score is calculated by multiplying the 
proportion of children with the impact by the item’s mean importance (Jokovic 
et al., 2002).  The potential limitation of this method is that impacts which have 
been experienced by few participants but have a high “bother” rating may be 
omitted (Guyatt et al., 1986).  Therefore a modified version of this method will 
be used in this study to ensure that items which are deemed to be very 
important are not excluded from the final measure.  Other methods which can 
be used are factor analysis and Rasch analysis, where items which do not fit 
the mathematical model may be removed (Guyatt et al., 1986). 

6.1.3 Stage	3:	Questionnaire	design	

There is little in the literature describing how best to approach questionnaire 
design with young participants.  The specific design and layout of the 
questionnaire depends on the questions involved and the reading ability of the 
target population.  There are several factors which should be considered when 
developing scales for use in children (Matza et al., 2004). 

Cognitive development 
There are several complex cognitive stages involved in answering questions 
(Tourangeau and Rasinski, 1988; Scwartz and Sudman, 1996): 
1. Comprehending the question 
2. Retrieving relevant information from memory and formulating an answer 
3. Choosing the appropriate response category 
4. Evaluation of the chosen answer and editing for social desirability 
5. Communicating the final answer 
Children at different stages of cognitive development, as described by Piaget 
and Innhelder (1969) (see Section 4.2.1), will have differing abilities when 
formulating their answers.  Children in the “intuitive thought” stage which 
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occurs around 4-7 years of age, generally have limited language skills.  
Therefore questions should be simple and clear and it is advised that the 
words that children use should be employed to aid understanding (Borgers et 
al., 2000).  Children at this stage also have short attention spans, which has 
consequences for the reliability of their answers if they are not engaged by the 
measure (Borgers et al., 2000).  Around the age of 8 -11 years, children are 
entering the “concrete operational stage”, their language is still developing 
and therefore simple, unambiguous language should be used.  Finally, 
children in the “formal thought” stage (11-16 years) can start to use measures 
which are similar to those used in adult surveys, however, they will still need 
to be engaged and therefore the measure should be interesting to them 
(Borgers et al., 2000). Therefore, investigating face validity is essential to 
ensure that children can understand the language used and their input into the 
design may help to make the format interesting to prevent boredom.  

Likert scales 
It has been suggested that eight-year-olds can reliably use 5 to 7 point Likert 
scales to rate their health status, whereas younger children tend to choose 
extremes (Matza et al., 2004; Riley et al., 2004).  Indeed, young children 
expressed a preference for three-point response scales when consulted during 
the development of the KIDSCREEN HRQoL questionnaire (Detmar et al., 
2006). The Child Health Illness Profile and the Child Asthma Questionnaire-B 
use graduated circle sizes and bricks for their response options.  This format 
was suggested by children as being something they were accustomed to doing 
at school to represent different quantities, which may aid questionnaire 
completion (Christie et al., 1993; Riley et al., 2004).   

Recall periods 
Younger children may find it difficult to accurately recall information over 
longer periods of time.  Eight-year-old children have been shown to be able to 
accurately assess events over a four-week period.  However, some young 
children who participated in the development of KIDSCREEN preferred a 
shorter recall period, as they felt that four weeks was too hard for them to 
remember.  Whereas, adolescents in the same study preferred recall periods to 
be stated as “last week”, “generally” or “recently” (Detmar et al., 2006).  
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Others have suggested that it may be beneficial to anchor the time frame to a 
specific event to aid recall in younger children (Juniper et al., 1997; Matza et 
al., 2004).    

Length and formatting of the instrument 
Generally older children will be able to maintain attention for longer periods.  
Larger print and spacing can aid completion by younger children. Piloting the 
questionnaire with the target age group will help to ascertain any changes 
which need to be made to simplify the language or format (Matza et al., 2004).  
It may be desirable to have multiple versions of the questionnaire for different 
age groups.  This may allow consideration of aspects of the construct which 
may differ between children of varying ages.  The Childhood Asthma 
Questionnaire has versions for 4-7-year-olds, 8-11-year-olds and 12-16-year-
olds (Christie et al., 1993; French et al., 1994).  However, this makes 
longitudinal evaluation difficult as the same questionnaire might not be 
appropriate at the end of the investigation.  Recently, the short-form version of 
CPQ for 11-14-year-olds was found to perform appropriately in 5-8-year-olds 
(Foster Page et al., 2013a).  Therefore it may not be necessary to have different 
versions for different ages, depending on the length and structure of the 
measure. 
 
Existing OHRQoL measures for children use frequency based response 
options, with little explanation offered as to why these were chosen.  
Marshman and co-workers found that young people with a malocclusion felt 
that items in the CPQ11-14-ISF:16 should be based on severity rather than 
frequency.  They also felt that the use of response options such as “sometimes” 
were difficult to evaluate (Marshman et al., 2010).  Stevens (2009) also found 
that children discussed the majority of dimensions in terms of severity and 
therefore the response scale for the Child Health Utility 9D (CHU9D) was 
based on this (Stevens, 2009).  Likewise, the Child Amblyopia Treatment 
questionnaire (CAT-QoL) is also based on severity, reflecting how the children 
described the dimensions (Carlton, 2013a).   
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Stevens (2009) reported a method used to rank response options during the 
development of the CHU9D (Stevens, 2009).  This involved giving participants 
an envelope with the potential options and asking children to rank them, those 
which children found difficult to rank accurately were removed.  Where two 
options were ranked equally, children were asked to express a preference.   
This method ensures that children understand the response levels, and 
therefore more accurate scores may be obtained on the final questionnaire. 

6.1.4 Stage	4:	Face	and	content	validity	

Face validity assesses whether the questions make sense to the participants.  
Analysis of this, with subsequent necessary modifications, increases the 
likelihood of questions being completed accurately.  Where the wording of the 
question is ambiguous, participants may omit the question or guess at an 
answer.  Content validity examines the extent to which the construct is 
comprehensively covered by the measure (Section 5.1). This allows the 
identification of items which may be important but which have not yet been 
elucidated to be included, and for items deemed irrelevant to be deleted.  
 
These elements can be tested using cognitive debriefing, where the 
participants are asked to explain why they have chosen the response (think-
aloud technique) and what they think the question means (verbal probing) 
(Brod et al., 2009).  Follow-up questions can be used to determine language 
comprehension, whether the response format makes sense and whether there 
are any items of importance which have been omitted or any irrelevant ones 
which have been retained.  This form of questioning may allow insights into 
aspects which might not have been spontaneously volunteered by the 
participant (Beatty and Willis, 2007).  Verbal probing may be more suited to 
assessing language comprehension, whilst think-aloud may be more useful to 
address why the response option has been chosen (Brod et al., 2009). This is an 
iterative technique which continues until consensus is reached that the 
measure is acceptable (Turner et al., 2007).  Decisions to change the measure 
are usually taken after two or three participants have raised the same issue 
(Brod et al., 2009).  A sample size of seven to ten participants is usually 
sufficient for consensus to be reached (Leidy and Vernon, 2008). This 
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technique has been used successfully in the development and cross-cultural 
validation of HRQoL measures for use with children (Price et al., 2009; 
Carlton, 2013a; Young et al., 2013).   

6.2 Aim	

The aim of this part of the study is to produce a caries-specific measure of 
OHRQoL for children aged 5–16 years of age. 
 
To fulfill this aim, the specific objectives were: 
1. To describe the impacts of dental caries from the child’s perspective 
2. To evaluate how children describe these impacts to aid formulation of the 

questions and response format 
3. To determine which of these impacts concern children the most 
4. To evaluate which design and response format children prefer 
5. To assess face and content validity of the items 

6.3 Method	

There are several stages to this part of the project and the method and results 
for each will be discussed in sequence.  The following inclusion and exclusion 
criteria apply to each stage, with the exception of questionnaire design and 
face validity, where children with and without dental caries will be included: 
Inclusion criteria 

• Children and young people aged 5-16 years of age at recruitment 

• Children who have active dental caries or who have had previous 
experience of dental caries  

• Children who were patients at the Charles Clifford Dental Hospital or 
attended a primary care dentist 

•  English speaking 
Exclusion criteria 

• Children with other pre-existing medical conditions (American Society of 
Anesthesiologists’ (ASA) Physical Status Classification System Grade 3 or 
greater (American Association of Anesthesiologists, 1974) 
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• Children with dental conditions other than dental caries (e.g. hypodontia, 
cleft lip and palate) 

• Children with severe learning difficulties who would be unable to 
participate with the intended activities even with support  

6.3.1 Ethics	

This part of the study was approved by South Yorkshire Research Ethics 
Committee (Reference number: 11/H1310/3).  Consideration was given to 
ethical issues which may arise during these stages such as power imbalance, 
confidentiality and safety as discussed in Section 4.3. 

6.3.2 Stage	1:	Item	generation	

Recruitment 
Potential participants were identified from clinic lists and patient case-notes by 
FG.  Children were purposively sampled to ensure that a representative 
sample was included.  Children were recruited from both primary (Salaried 
Dental Services, Firth Park Clinic, Sheffield) and secondary care (Paediatric 
Dental Department at the Charles Clifford Dental Hospital, Sheffield) by FG. 
Recruitment continued until saturation was achieved (Sandelowski, 1995).  
Guyatt and co-workers estimated that around 50 participants may be required, 
however, previous studies have indicated that the inclusion of approximately 
20 participants may be adequate (Guyatt et al., 1986; Marshman et al., 2009; 
Marshman et al., 2010). 
 
For recruitment to the focus groups, children who were scheduled to attend 
for treatment on the day of the proposed focus group were sent an invitation 
by post with an enclosed reply slip and reply-paid envelope.  They were 
informed that lunch would be provided and that the children would receive a 
£5 gift voucher.  Once participants were identified, focus groups were split 
into age-appropriate groups.  
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For recruitment to the interviews, participants were purposively sampled from 
both primary and secondary care clinics to ensure that children with different 
levels of dental caries, and treatment modalities, were represented.  Eligible 
children and their parents were asked if they would consider participating in 
the interviews by FG.  If they expressed a desire to find out more they were 
given an information pack with a reply slip together with a stamped, 
addressed envelope. 

Method 
The sociology of childhood described in Section 4.2.1 guided the conduct and 
analysis of the interviews and focus groups.  In order to achieve this and to 
prioritise the child’s voice, the analysis took a narrative approach, so that 
rather than trying to “verify” what children said, the focus was on how they 
described their experiences and what they meant to them (Holland et al., 
2008).  Interviews and focus groups were held with children aged 5-16 years 
who had dental caries or experience of dental caries.  Clinical data were also 
collected including their dmft/DMFT, presence of anterior caries, pulpal 
involvement or pain and where appropriate treatment experience by FG.  
DMFT/dmft were assessed by FG using data from case notes in combination 
with radiographic evidence where available.  Caries was judged to be present 
where there was caries into dentine clinically or radiographically. A tooth was 
judged to have pulpal involvement where clinical and/or radiographic 
assessment revealed signs of infection (sinus, swelling etc.) and/or where it 
was judged restoration of the tooth would require root canal therapy.  This 
method was used as there was no risk of underestimation of caries which 
would potentially require treatment.  Potential participants and their parents 
were given age-appropriate information sheets detailing the project and 
containing contact details and what to do if they had any concerns. These 
information sheets had been developed with children to ensure that they used 
age-appropriate language.  An example is shown in Appendix E. Written 
informed consent was sought from parents and children were asked to give 
their assent (Appendix F).   
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To address the ethical issues described in Section 4.3, all children were 
informed that they could stop taking part at any time and an explanation was 
given about why the interviews were being recorded.  All children were asked 
to provide a pseudonym to maintain confidentiality. 

Focus groups 
The discussions centred around the participants’ experiences of dental caries 
and its treatment and were facilitated by FG and ZM.  This activity informed 
development of the topic guide for the in-depth interviews.  The focus groups 
took place in June 2011 within the School of Clinical Dentistry, University of 
Sheffield and it was anticipated that these would last approximately 45-60 
minutes.  A separate area with refreshments was available for accompanying 
parents to wait during the session. The session was audio-taped (Olympus 
Digital Voice Recorder WS-812) and sound recordings were transcribed 
verbatim and analysed concurrently. 

Interviews 
The aim of the interviews was to elicit participants’ experiences of dental 
caries and its treatment using a topic guide developed from the information 
obtained during the focus groups.  Each interview was conducted by FG and 
took place at a time and venue chosen by the participant. The interviews were 
recorded and transcribed verbatim and analysed using the method described 
below.  Recruitment continued until saturation was reached.  Interviews were 
held between November 2012 and July 2013. 
 
To ensure compliance with the ethical considerations discussed in Section 4.3 
the following steps were taken.  Participants were informed that they could 
stop the interview at any time without consequence.  In addition, FG 
continually monitored the participant’s body language and responses to 
ensure that that the participant remained comfortable with the conversation.  
Confidentiality was discussed with participants.  Any disclosure which raised 
concerns would be handled according to normal safeguarding protocols. 
 
It was anticipated that the majority of interviews would take place in the 
participant’s home.  To ensure safety of the interviewer, FG informed ZM, HR 
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or CD of the time of the interview, anticipated finish time and provided 
location details.  A working mobile phone was carried at all times and FG 
informed ZM, HR or CD when the interview was complete. 

Qualitative data analysis 
Analysis of qualitative data should result in a detailed description that 
identifies patterns and develops explanations, while remaining faithful to the 
data in its original form, thus allowing the participants’ narratives to be 
explored as described previously (Sandelowski, 1995; Ritchie et al., 2003; 
Holland et al., 2008).  In keeping with the new sociology of childhood, the 
analysis took the participants’ accounts at face value without imposing any 
constructs on the views as expressed by the children.  The most appropriate 
method to meet the aim of this study was framework analysis, which is 
concerned with classifying data by organisation according to themes and 
categories that emerge from the data.  It has developed from social policy 
research to facilitate handling large volumes of data (Ritchie and Spencer, 
1994). 
 
The analytical approach involved the following stages (Ritchie et al., 2003): 
1. Identifying initial themes  
The two transcripts of the focus groups were read and notes made 
independently by FG and ZM on the general themes.  ZM had previous 
experience of qualitative data analysis and FG had attended a three day course 
on this topic (National Centre for Social Research, London).  These general 
themes were further refined to develop themes for the topic guide for the 
interview stage.  HR and CD also read these transcripts to ensure that no 
potential themes for the topic guide had been omitted.  Next the two focus 
group transcripts were read and notes made along with the first three 
interview transcripts by FG and ZM independently.  This allowed further 
themes to be generated which were then added to the topic guide for 
subsequent interviews.  This process continued, and as new themes emerged 
these were added to the topic guide to be included in future discussions. 
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 Finally, the 18 transcripts (relating to two focus groups and 15 interviews) 
were read and notes made by FG and ZM independently.  These notes were 
discussed and disagreements resolved.  Following this, HR and CD analysed 
the transcripts to ensure no themes had been omitted. Once developed, the 
themes were grouped into a number of main and sub-themes.  Initially, a 
number of themes were identified which were further refined following 
discussion between the four investigators (FG, ZM, HR, CD). 
2. Labelling the data 
Each section of the transcripts was labelled with an index number to represent 
the theme to which the data related by FG. These were then refined to add any 
themes previously missed after discussion with ZM, HR and CD. 
3. Sorting the data by theme 
NVivo (QSR International, Melbourne, Australia) was used to code the themes 
which emerged from the data.  Data with the same index number was brought 
together by FG and verified by the other investigators (ZM, HR, CD). 
4. Synthesising the data 
Thematic charts were created for each of the main themes retaining the context 
and language used in the data.  These were discussed by all four investigators 
(FG, ZM, HR, CD).  This information was used to generate potential items for 
the measure and the potential response format options, retaining as much of 
the children’s language as possible.  

6.3.3 Stage	2:	Item	reduction	

Recruitment 
Consecutive children attending as new patients with dental caries or who were 
having treatment for caries at the Charles Clifford Dental Hospital were 
identified and recruited to this stage by FG.  Children and their parents were 
given age-appropriate information leaflets.  Parents gave informed consent 
and all children were asked to give their assent.  Clinical data were not 
collected for this group of children, however, they were considered to form a 
representative group of children with dental caries attending the clinic during 
the recruitment period.  Children were recruited to this stage between January 
2014 and February 2014. 
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Method 
Children were shown cards by FG, with the identified items on them and 
asked to indicate which they had experienced and which had affected them 
most frequently and had the greatest severity (Figure 6.2).  Their answers were 
recorded on a data collection sheet (Appendix G) and the items with the 
highest frequency and the greatest severity were retained.  Previous studies 
have used samples of over 75 participants, where there have been a large 
number of items generated and there was no use of factor analysis or Rasch 
analysis (Griffiths et al., 1999; Jokovic et al., 2002; Broder et al., 2007).  As items 
were to be deleted from the questionnaire following Rasch analysis, item 
reduction in this study was more limited and with a smaller sample, allowing 
discussion with participants about the items. Following the completion of this 
stage, draft questionnaires were developed to form the basis of the discussions 
in Stage 3. 
 

 

Figure 6.2.  Example of cards used in item reduction stage. 
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6.3.4 Stage	3:	Questionnaire	design	

Recruitment 
These children were recruited by FG through personal contacts and had either 
been patients at the Charles Clifford Dental Hospital or attended a general 
dental practitioner for routine care.  This stage took place in January 2014. 

Method  
Children who did not participate in the interviews or focus groups were asked 
by FG to comment on the design of the questionnaire and the format of the 
response scale. They were also asked to rank the words used in the response 
options from best to worst, to ensure that the responses made sense to 
children.  This stage was designed to ensure that the resulting measure was 
easy for children of all ages to complete and that participant burden was 
minimised.  These children may or may not have had dental caries and, as 
such, no clinical data were collected. 
 
Six potential questions were formulated using two different methods.  The 
first version (V1) contained a lead-in with three statements as response 
options. This type of response format has been used in the CHU9D and the 
CAT-QoL successfully (Stevens, 2009; Carlton, 2013a). Participants select their 
preferred option using a tick in a box (Appendix H), while the second version 
(V2) had a statement with three response options which could be circled to 
indicate their answer (Appendix I).  A similar response format is used in the 
Oxford Foot and Ankle Questionnaire for Children measure, with tick boxes 
rather than circling (Morris et al., 2008).  However it was felt that a circling 
option was something which could be considered.  Children were asked to 
complete both questionnaires and state which format they preferred.  They 
were also shown other designs and response formats from other 
questionnaires (such as those discussed in Section 6.1.3) to see if they thought 
they were better than the options they had been presented with. 
 
Children were also asked to rank the potential response options from worst to 
best.  Finally children were asked whether they felt coloured or white paper 
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was best for the measure.  These sessions were audiotaped (Olympus Digital 
Voice Recorder WS-812) and transcribed verbatim. 

6.3.5 Stage	4:	Face	and	content	validity	

Recruitment 
Children attending the Charles Clifford Dental Hospital or Firth Park Salaried 
Dental Service Clinic were recruited by FG to this stage of the investigation. 
Children with and without dental caries participated in the analysis of face 
validity. All children who participated in the analysis of content validity had 
active caries or previous caries experience.  Analysis of face and content 
validity took place during the month of March 2014.  

Method 
It is important to ensure that potential participants understand the items in the 
final measure and that no important items have been omitted.  Children were 
asked to complete the questionnaire and discuss why they had chosen their 
answer, so that it could be assessed whether they actually understood the 
question.  This approach has previously been used with both adults and 
children to explore face and content validity of questionnaires (Mallinson, 
2002; Marshman et al., 2010). Changes to the wording of the questions was 
carried out where necessary to clarify the content.  Additional items were 
added where it became clear that an item of importance had been omitted.  
Clinical and some demographic information for those children who 
participated in this part of the analysis was not collected, as some of those who 
participated in the analysis of face validity did not have caries. Stages 5, 6 and 
7 will be discussed in Chapter Seven. 

6.4 	Results	

6.4.1 Stage	1:	Item	generation	

A total of 75 patients were approached to take part in either an interview or 
focus group (Figure 6.3). Of these, six children were invited to take part in the 



 125 

focus groups.  Five children and their parents returned their slip indicating 
that they would like to participate in the focus groups (response rate 83%).   
 
Forty-one families were given packs with reply slips for the interviews.  Only 
five were returned. It was therefore decided that where a family had expressed 
an interest, a follow-up telephone call would be made with their permission.  
This resulted in the recruitment of a further 10 children.  Ten declined to take 
part, six were unable to be contacted, one failed to attend the interview 
appointment and one cancelled.  The overall response rate was 27%.  
However, in the group where a follow-up telephone call was arranged, the 
response rate was 36%. 
 
Two focus groups (Focus group 1: 2 children both aged 12 years; Focus Group 
2: 3 children aged 8, 8 and 9 years) were convened to ensure the ages of the 
children in each were similar.  The accompanying parents (n=3) of the children 
in the younger group were included as this aided the discussion of events with 
the children.  The focus groups began by asking the children to think of a 
pseudonym and to discuss why they liked this name to act as an ice-breaker.  
Props to allow the children to draw or write were available, however, these 
were not used as the children were happy to talk and share their experiences 
immediately.  The focus groups were between 12 and 14 minutes in length. 
The information provided by these children formed the basis of the topic 
guide (Appendix J) for the interviews.  These were supplemented with themes 
which were identified from other OHRQoL measures to ensure all aspects of 
OHRQoL were explored during the interviews.  The transcripts of the focus 
groups were analysed along with those from the interviews. 
 
Interviews were held with 15 children by FG following which saturation was 
reached.  Fourteen interviews were held at the child’s home, with the majority 
wishing to have their parent present during the interview.  The participants 
ranged in age from 5-13 years of age and, despite the difficulties in recruiting 
participants, covered a wide range of ages and clinical presentations.  The 
characteristics of the sample are shown in Appendix K.  The interviews varied 
in length from 6 minutes to 16 minutes, with a mean duration of 6.58 minutes.  
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Data saturation was reached after two focus groups and 15 interviews, with no 
further impacts being discussed. 
 
The transcripts were initially analysed to gain a broad understanding of the 
areas covered.  The children described narratives of the impact of having 
caries and the treatment they had received.  Some of the younger (those aged 
5-7 years in general) children did not always express themselves in sentences 
but would nod or shake their head in response to questions or provide “yes” 
or “no” answers.  Gestures where noted were included in the transcripts.  
Their responses have not been quoted but their views included in the analysis 
where possible.  
 
The overarching theme related to pain, within this theme there were three 
subthemes: impacts related to pain, methods which were used to reduce pain 
and emotional aspects resulting from pain. Another theme related to the 
aesthetics of dental caries was also identified. These themes will be explored 
using quotes from the children to illustrate the impacts experienced and how 
the children described them.  
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Figure 6.3. Recruitment details for focus groups and interviews. 

Pain  
Not surprisingly pain was the impact that most bothered children.  Most 
children described pain as “hurting” or “it hurts”. Whereas others described 
the pain as toothache.  Some were prompted by their parents to call it 
toothache and some weren’t sure if it had a particular name.  
 

“Well, I wouldn’t call it toothache, but if that’s the name then, that’s what I 
would call it” (Mark, aged 8 years) 

 
When children were asked how they would describe toothache, as opposed to 
another type of pain, they described the quality and severity of the pain: 
 

“Like, it kept going on.” (Liam, aged 13 years) 
 
“… it’s where your tooth aches and hurts quite a lot.”  (Brodie, aged 9 years) 
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Children described the pain that they had experienced in a variety of ways, 
some using analogies to other sensations of discomfort: 
 

“… it felt like you wanted to itch it and pull it out.” (Mark, aged 8 years) 
 
“It was like sharp.” (Liam, aged 13 years) 
 
“… like it prodding.” (Lily, aged 12 years) 

 
The length of time the pain had lasted was mentioned only in relation to it 
stopping because they had taken analgesia. The location of the pain was 
described by some. 
 

“It’s the tooth, and then, my gum bit below.” (Lily, aged 12 years) 
 
Others described the pain as “earache”, which may be due to referred pain or 
because the child had heard of “earache” and used this to refer to any type of 
pain.  
 

“It were mainly earache.” (Leah, aged 6 years) 
 
Children were probed about the nature of the impacts and whether it was the 
frequency of the pain that bothered them most or whether it was how severe it 
was.  For example, they were asked what bothered them most, was it how 
often their tooth had hurt or how much it had hurt.  Those who hadn’t 
experienced dental pain were asked the same question about pain in another 
part of their body.  Generally it was the severity of the pain that bothered 
children. 

 
“Would it be how much it bothered you or would it be how often it hurt would 
it be the main thing for you do you think?” (FG, interviewer) 

 
“Erm, probably the how much it hurt.” (Jack, aged 11 years) 
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“Erm, how bad.” (Elizabeth, aged 7 years) 

 
However, some children did describe the frequency as bothering them. 

 
“Does it matter how often something hurts or is it how bad it hurts?” (FG, 
interviewer) 

 
“It’s how often.” (Isabelle, aged 7 years) 

 
The severity of pain was described as hurting “a lot” or “so much’.  
However, “a lot” was also used to describe the frequency of pain: 
 

“I keep getting toothache a lot.” (Lily, aged 12 years) 
 
However, pain was typically described in terms of severity rather than 
frequency. 

Impacts related to pain 
A number of impacts related to pain were reported, some of these were caused 
by pain and others were activities which were hampered because of the 
potential to incite pain, for example, eating. 
 
Children reported a variety of difficulties encountered such as not being able 
to bite with their sore teeth and not being able to eat some foods or finish their 
meals: 
 

“It did stop me eating on my teeth.” (Wayne, aged 9 years) 
 
“Yeah, like, I can’t eat some food…” (Lily, aged 12 years) 
 
“… but I didn’t always eat it all.” (Mark, aged 8 years) 
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In addition, they reported that foods often got stuck in the cavities in their 
teeth which caused pain, with some avoiding certain foods to stop this 
happening. 
 

“I couldn’t eat apples cos that, cos skin kept going in.” (Brodie, aged 9 years) 
 
The other main impact associated with pain, was being woken from sleep or 
not being able to sleep.   
 

“Yeah, I couldn’t get to sleep.” (Jack, aged 11 years) 
 
“I had like half an hours sleep then I kept waking up and it started hurting 
again.” (Lily, aged 12 years) 

 
Children who had pain during the day and at night, felt that it was worse at 
night.  This lack of sleep caused the children who had experienced this to 
sometimes feel tired the next day at school and some felt it interfered with 
their schoolwork.   
 

“Yeah, I get tired at school.” (Lily, aged 12 years) 
 
Other impacts which were experienced included not being able to do planned 
activities such as going out with friends or family, difficulty talking and pain 
when brushing their teeth. 
 

“When it’s that bad, I just sit there and go, like that, and I don’t eat and talk.” 
(Lily, aged 12 years) 

 
In terms of impact relating to eating, again descriptions were a mixture of 
severity and frequency.  Severity was described as “a bit”, “a little bit” and “a 
lot”, with frequency being described as “sometimes” especially regarding how 
often food got stuck in their teeth.  Discussions were predominantly about the 
severity of the symptoms they experienced or by how much they had to 
moderate their eating. 
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“When you were eating did you have to eat more carefully, or slower or anything like 
that?” (FG, interviewer) 

 
“A lot slower.” (Mark, aged 8 years) 
 

“Apart from sleeping, was there anything else that it stopped you from doing?” (FG, 
interviewer) 

 
“Erm, not too much, it hurt when I ate a little bit.” (Jack, aged 11 years) 

Steps taken to reduce pain and associated impacts 
Children used a variety of methods to alleviate or prevent pain.  Children who 
experienced pain while eating, discussed methods they used to prevent 
symptoms or food getting stuck in their teeth.  These included changing the 
way they ate or as mentioned previously, avoiding foods which were likely to 
cause pain. 
 

“Just, er, tried to eat carefully.” (Jack aged 11 years) 
 
“I just had to eat on the other side of my mouth.” (Precious, aged 11 years) 

 
Participants also discussed eating more slowly, but the predominant strategy 
was to eat on one side of their mouth, thus avoiding the painful tooth.  Where 
there was bilateral pain, this was not possible so soft foods like soup or 
sandwiches would be consumed. 
 
“Medicine” was also seen as something which could be used to alter the pain.  
Children discussed this as a generic term and did not always distinguish 
between analgesia and antibiotics.  Indeed, it is likely that the younger 
children were not aware of the type of medicine prescribed.  However some 
participants remarked that having “medicine” didn’t always relieve the pain 
when referring to analgesia, whilst others found it difficult to swallow tablets. 
 

“Well, cos it was hurting, I, I had some medicine.” (Annie, aged 8 years) 
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“Yeah, I don’t like taking tablets.” (Liam, aged 13 years) 

 
Medicine was also seen as something that could reduce the other impacts 
associated with pain, such as sleeping: 
 

“Well, before I went to bed my mum gave me some medicine.” (Precious, aged 
11 years) 

 
Both parents and children reported issues where children required analgesia 
during school hours, as schools required consent to administer pain relief or 
parents having to take time off work to bring analgesics to school. 
 
“Does it stop you doing your schoolwork quite as well?” (FG, interviewer) 
 

“Yeah so I go erm, medical tutor” (Lily, aged 12 years) 
 
“And do they give you some medicine?” (FG, Interviewer) 
 

“No, they ring my mum.” (Lily, aged 12 years) 
 
These impacts were not generally described using severity or frequency, 
although children did discuss that “sometimes” they took these measures to 
alleviate or avoid pain but this seemed be related to whether they needed to, 
rather than how often they did it. 

Emotional issues 
Children reported feeling “annoyed” by the pain in their teeth or by the effect 
the pain was having on their lives. 
 

“Yeah, annoyed cos it’s annoying me that I can’t do much things cos of pain, 
like I can’t eat and sleep and stuff.” (Lily, aged 12 years) 
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Children also reported feeling “sad”, “grumpy” and the pain causing them to 
cry.  “Annoyed” was typical term used to describe how children felt about 
their teeth.  Some children who did not use the word “annoyed”, were asked if 
they knew what “annoyed” meant and could readily give a definition for it. 
 

“Annoying means, em, you don’t like it much and …” (Danesh aged 6 years) 
 
There was a sense that some children felt that it was unfair that they were 
suffering and that they were “worse than most people”.  This sense of injustice 
was reiterated by parents who mentioned that their children often said things 
like “why does it have to be me”, when they were suffering pain from their 
carious teeth. 

Aesthetics  
Although several children had anterior caries, the way their teeth looked did 
not seem to bother them.  Children who had caries in their anterior permanent 
teeth did comment on the appearance of their teeth, stating that it was the 
appearance of “holes” before they were filled that had been noticed, but that 
they had not been worried about this.  Others reported not being bothered 
about the colour of the carious tooth but that it “looked better” following 
treatment. 
 

“Well after it’s done, it looked better.” (Brodie, aged 9 years) 

Relationship between the severity of caries and impacts 
There appeared to be no relationship between caries experience and the 
impacts experienced, indeed some children with a single carious tooth 
reported more severe impacts than those with multiple carious teeth.  Children 
who were in pain or who had experienced a significant episode of pain, were 
able to describe the impacts they had experienced in more depth than those 
who had not experienced pain or ongoing discomfort.  Interestingly, even 
children who had not reported any symptoms at their clinic visit, generally 
had experienced impacts related to food getting stuck in their teeth or having 
to eat on the other side of their mouth.  No differences were observed between 
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the impacts and the age of the participant; older children (8 years and above) 
were generally more able to describe the impacts in detail, whereas many of 
the younger (5-7 years) children would gesture or use one-word descriptions.   

 
The transcripts contained invaluable information about the language children 
used to describe the impacts they experienced.  Each impact that the children 
described is shown in Table 6.1. It was decided that “a bit”, “a little”, 
“sometimes”, “very much” and “a lot” would potentially form the basis of the 
response format as these descriptors had been most commonly used by the 
participants.  The next stage would verify which of these words would be 
most suitable.  As the children discussed similar issues regardless of age, it 
was decided that only one measure would be formulated incorporating the 
language used by the younger children.  The next stage determined which 
items were most relevant to children and these were included in the 
questionnaire to be tested for face and content validity. 

6.4.2 Stage	2:	Item	reduction	

Twenty-five children were invited to participate by FG in this part of the 
study, three declined to participate (two due to distress following radiographic 
examination and one due to time constraints).  Therefore twenty-two children 
with caries participated in this stage (a response rate of 88%).  The mean 
(range) age of participants was 9.4 (4.8-15.7) years with 41% (n=9) male and 
51% (n=13) female.  The recruited children were a representative sample of the 
patients attending paediatric dentistry clinics with a variety of different 
ethnicities and living in areas with varying levels of deprivation.  Sixty-eight 
percent (n=15) of the children who participated in this part of the study were 
from the most deprived quintile in England.   
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Table 6.1.  Items generated from interviews and focus groups. 

Potential items 

• Pain (hurts) 
• Difficulty eating some foods 
• Having to eat on one side 
• Getting food stuck in teeth 
• Being kept awake by pain 
• Feeling annoyed 
• Having to take medicine 
• Pain during toothbrushing 
• Having to eat more slowly 
• Having to eat more carefully 
• Crying 
• Front teeth looking brown 
• Feeling tired 
• Not being able to do schoolwork 
• Difficulty talking 
• Feeling grumpy 
• Not been able to do normal activities 

 
 
The mean (range) number of caries-related impacts was six (0-12).  Only one 
child had not experienced any of the impacts listed, this child had suffered no 
symptoms or any other negative effects of the disease.  Pain and getting food 
stuck in their teeth and having to eat carefully were the items which had 
affected most children (n=16, 72.7%).  Not being able to talk and not being able 
to do normal activities had each been experienced by only one child (4.5%). 
The results are shown in Table 6.2. 
 
Seven children (31.8%) could not identify what had been the worst impact that 
they had experienced.  Of those who responded, seven (46.7%) children 
reported that pain was the worst thing that had happened to them. The 
remainder chose getting food stuck in their teeth (n=4, 26.7%), being kept 
awake (n=3, 20%) and having to eat on the other side of their mouth (n=1, 
6.7%) as the worst impact.  Seven children (28%) could not identify which 
impact had happened most frequently.  Of those who responded, getting food 
stuck in their teeth was chosen by six (40%) as the impact they had suffered 
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most frequently.  The worst item correlated with the most frequently occurring 
item in five cases (Table 6.2). 
 
Having difficulty talking and not been able to do normal activities were 
endorsed the least.  Since these items were not chosen as having the highest 
impact or occurring with the greatest frequency, it was decided to omit them 
from the measure to be used for face and content validity testing. 
 

Table 6.2.  Number of children who endorsed each item and items reported 
as having the highest and most frequent impacts. 

Potential item 
 
 
 

Number (%) with 
experience  of 

impact 
(n = 22) 

Number (%) 
stating item had 
highest impact 

(n = 15) 

Number (%) 
stating item 

occurred most 
frequently 

(n = 15) 

Pain  16 (72.7%) 7 (46.7%) 4 (26.7%) 
Getting food stuck in teeth 16 (72.7%) 4 (26.7%) 6 (40.0%) 

Having to eat more 
carefully 

16 (72.7%)  1 (6.7%) 

Having to eat on one side 15 (68.2%) 1 (6.7%) 3 (20.0%) 

Having to take medicine 12 (54.5%)   

Having to eat more slowly 11 (50.0%)  1 (6.7%) 

Crying 9 (40.9%)   

Feeling annoyed 8 (36.4%)   

Being kept awake  7 (31.8%) 3 (20.0%)  

Difficulty eating some 
foods 

6 (27.3%)   

Feeling tired 6 (27.3%)   

Feeling grumpy 6 (27.3%)   
Not being able to do 
schoolwork 

5 (22.7%)   

Pain during toothbrushing 4 (18.2%)   

Front teeth looking brown 3 (13.6%)   

Difficulty talking 1 (4.5%)   

Not been able to do 
normal activities 

1 (4.5%)   
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6.4.3 Stage	3:	Questionnaire	design	

Ten children with a mean (range) age of 9.9 (6.4-15.5) years took part in this 
stage of the investigation which sought to elicit their preferences for the 
questionnaire format. All children who were invited to participate agreed to 
take part.  Seven were male and three female.  Four children lived in the least 
deprived quintile, three in the second least deprived quintile and three in the 
middle quintile, according to national statistics.  All but two of the children 
preferred V2 of the questionnaire, with one having no preference although he 
felt that V1 looked more “official”.  However, all children felt that V2 was 
easier to read.  Indeed, whilst observing children complete the two versions, it 
was clear that the V2 had fewer words to read and therefore seemed easier for 
the children to complete.  This version reduced participant burden, thus 
making it more accessible to those with low literacy levels.  The children also 
preferred V2 over the other examples they were shown.   
 
Several suggestions were made to improve clarity, such as changing the word 
“example” on the front page as this was difficult for younger children to read.  
It was also suggested that an additional box around the example on the 
instruction page would make it stand out.  Rewording of the sentence 
introducing the questionnaire was also suggested to make it easier to 
understand.   It was also suggested that “Please circle one answer” should be 
positioned at the top of each page to remind participants of what they had to 
do.  The question relating to “eating on the other side of your mouth” was 
reworded to make the sentence shorter as several children struggled to read it 
in the original format as it spanned two lines of text. 
 
Children were asked which of the words “not at all”, “a bit” or “ a little” and 
“a lot”, “sometimes” and “very much” they preferred and were asked to rank 
them from worst to best. Most children felt that “a bit” and “a lot” were words 
that they used most often with their friends and all were able to rank these 
consistently in the correct order.  “Very much” and “sometimes” were also 
popular but more so with the older children.  One child stated that he would 
never use “a little” and only used “very much” when he was talking about 
food!  The younger children also took longer to think about how to rank 
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“sometimes” or “a little” and “very much”, but the majority were able to do 
this. 
 
Some children felt it did not matter what colour the paper was.  However the 
majority of those who did express an opinion preferred coloured paper as they 
felt it made it easier to read or made it look more interesting. 
 
It was therefore decided to use V2 with the response options: “not at all”, “a 
bit” and “a lot” on coloured paper in keeping with the amendments suggested 
by the participants. 

6.4.4 Stage	4:	Face	and	content	validity	

A total of eight children took part in the analysis of face validity, with four of 
those with active caries also participating in the analysis of content validity 
(Table 6.3).  Twenty-five children with active caries or caries experience took 
part in analysis of content validity, including two with learning disabilities.  
Four children took part in the face validity investigation only (three girls aged 
8.9, 10.6 and 11.9 years and one boy aged 12 years).  Four boys (aged 6.5, 9.4, 
9.4 and 12.5 years) took part in both face and content validity. Twenty-one 
children with a mean (range) age of 8.2 (5.2-14.4 years) years took part in the 
analysis of content validity only.  All children who were invited to participate 
agreed to take part.  Thirty-eight percent (n=8) were male and 62% (n=13) 
were female.  The majority of children lived in the most deprived quintile in 
England (48%, n=12).  Twenty percent (n=5) lived in the second most deprived 
quintile, 16% (n=4) in the middle quintile, 4% (n=1) in the second least 
deprived quintile and 12% (n=3) in the least deprived quintile. Six children 
who participated in the content validity analysis were recruited from a 
primary care clinic, the remaining children were recruited from secondary care 
clinics at the Charles Clifford Dental Hospital.  The participants were a 
representative sample of the children who attend the clinics at the Charles 
Clifford Dental Hospital and Firth Park Clinic and included children with a 
range of different ethnicities and living in areas with varying levels of 
deprivation.  The testing took an iterative approach, with amendments being 
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made to the questions during the period of testing to allow these alterations to 
be evaluated by other children. 
 

Table 6.3.  Characteristics of participants involved face and content validity 
stage (n = 29). 

Study stage Gender Mean (range) age 
(years) 

Recruitment site 

Male Female CCDH CDS 

Face validity only 
(n = 4) 

1 3 10.84 (8.8 – 11.96) 4 0 

Face and content 
validity 
(n = 4) 

4 0 9.45 (6.45 – 12.5) 4 0 

Content validity only 
(n = 21) 

8 13 8.24 (5.19 – 14.35) 15 6 

Overall 
(n = 29) 

29 32 9.17 (4.82 – 15.72) 55 6 

CCDH = Charles Clifford Dental Hospital 
CDS = Firth Park Clinic 
 
 
Two participants who had caries affecting their anterior teeth stated that they 
had noticed holes in them.  They felt that a question related to this should be 
included.  One question was added to the questionnaire for subsequent face 
and content validity testing.  This was “I worry that I can see holes in my 
teeth”.   
 
Following further discussion with other participants it became clear that 
children were answering the question about having holes in their teeth 
positively, even if they could not see holes in their teeth.  They stated that 
although they couldn’t see any holes, it worried them that they might.  This 
question was reworded to remove the word “worry” to: “I can see holes in my 
teeth” to avoid this confusion.  Some children said that their teeth looked 
“black” not “brown”, therefore the wording of this question was altered to: 
“Do you think your front teeth look brown or black?”.  Subsequent testing of 
these questions showed that children understood them and answered as 
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expected.  The word “grumpy” was changed to “cross” as children felt that 
this was more indicative of how they felt. 
 
A global question was also formulated, based on that used in CPQ: “Overall, 
how healthy are your teeth?” (Jokovic et al., 2002).  Response options were 
“Not healthy”, “A bit healthy” and “Very healthy”.  The term “healthy” had 
been discussed with some children early in the face and content validity stage 
of development.  Children were able to define healthy and seemed to 
understand it in relation to their oral health.  However, during testing it 
became clear that the participants were not answering this question as 
expected.  When asked why they had answered “a bit healthy” or “very 
healthy”, those children who were able to offer an explanation stated that their 
response was based upon how often they brushed their teeth, how often they 
ate fruit, whether they sometimes forgot to brush their teeth or whether they 
ate sweets sometimes when they knew that these were not a healthy snack.  
None of their answers actually related to the current condition of their teeth, so 
even children who reported numerous impacts did not report that their teeth 
were not healthy.  In fact, no child chose the option “not healthy”.  There 
appeared to be a stigma associated with this term, which may be due to 
children being taught about the importance of health and to admit to not being 
healthy may not be viewed as socially acceptable.  As this question had poor 
face validity, two further global questions were tested.  The first was: “How 
much do your teeth bother you” and the second was: “How much of a 
problem are your teeth for you?”.  Both questions had the same response 
format as the other questions.  The second global question was felt to be better 
understood and was therefore included in the final version of the 
questionnaire. 
 
Further minor amendments were made to the introductory sentence and to the 
example on the front page following feedback from the participants.  No 
further items were added and no items were felt to be irrelevant.  Therefore 
the final version contained 16 questions, scored 0-2 (“not at all”=0, “ a bit”=1 
and “a lot”=2) and one global question using the same response format. The 
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questionnaire was printed on light lilac paper, as this colour was preferred by 
most children. 
 
The resulting questionnaire (Appendix L), named the Caries Impacts and 
Experiences Questionnaire for Children (CARIES-QC) took approximately 2-5 
minutes to complete depending on the reading ability of the child, with some 
younger children requiring assistance to read it.  CARIES-QC, including the 
instructions which are intended to be read with a parent, has a Simple 
Measure of Gobbledygook (SMOG) index of 5.3 and a Flesch-Kincaid grade 
score of 1.5 indicating a reading age of 6-10 years (Edit Central). 

6.5 Discussion	

This chapter has described the development process of CARIES-QC using 
child-centred methodologies. The input of children throughout the 
development of the measure was critical and has ensured that future young 
participants will find it easy to complete as it uses words which they are 
familiar with and with a simple response format.  The following discussion 
will now reflect on this first phase of the study and will critique the findings. 

6.5.1 Outcome	

The aim of this part of the study was to produce a caries-specific measure of 
OHRQoL for children aged 5-16 years of age in accordance with the definition 
of OHRQoL.  This was achieved through multiple stages and a measure has 
been produced which is able to be understood by children in the target age 
range and which covers the aspects of dental caries which are of concern to 
children. 
 
The specific objectives were to:  
1. Describe the impacts of dental caries from the child’s perspective 
2. Evaluate how children describe these impacts;  
3. Determine which of the reported impacts were of most concern to children;  
4. Evaluate which design and response format children prefer  
5. Assess face and content validity of the measure. 
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By employing the structured approach advocated by Guyatt and co-workers 
(1986), all of these objectives were fulfilled and they will be discussed in 
further detail in the following sections. 

6.5.2 Development	of	the	measure	

Ability to discuss the impacts 
Children who participated were competent in discussing the caries-related 
impacts that they had experienced.  It was noted that younger (aged 5-7 years) 
children often gave shorter answers with less depth, but they were still able to 
clearly describe their experiences.  The interviews and focus groups were 
relatively short, this was due to the focus of these being narrow.  In addition, it 
is recommended that interviews should be short when involving young 
children (Borgers et al., 2000).  Previous studies, described in Section 4.4.1, 
investigating children’s perceptions of their own illnesses have also found that 
children are capable of discussing how their condition affects them (Beales et 
al., 1983; Walsh and Bibace, 1991; Herrman, 2006).  Piaget and Innhelder (1969) 
in their description of cognitive theory (Section 4.2.1) reported that children 
from two to seven years are in the “pre-operational stage” and they only place 
meaning on the parts of their body that they can see.  They also find it hard to 
understand that there are parts of their bodies which they cannot see that 
might have an effect on their lives.  Whereas from seven years (concrete 
operational stage) they start to be able to appreciate cause and effect from their 
own experience and by around 12 years are capable of abstract thought 
(formal operational stage) (Piaget and Inhelder, 1969).  These concepts are 
linked to how children view illness and it has been found that children early in 
the pre-operational stage think of illnesses as having developed magically.  As 
they get older they gain understanding about the transmission of “germs” and 
finally acquire a more sophisticated understanding of illness involving internal 
structures and psychological aspects (Vacik et al., 2001).  However, more 
recent work has demonstrated that although there may be some systematic 
manner in which this knowledge is acquired, there are likely to be individual 
differences in understanding between children depending on their experiences 
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(Eiser and Kopel, 2013).  Although children’s understanding of caries was not 
explored in this study, several of these concepts could be seen in the way that 
older (aged 8 years and above) children described the impacts as having 
emotional as well as physical effects without probing.  The older children were 
also able to appreciate that they were sometimes given medicine by their 
parents to enable them to sleep, whereas the younger children knew that 
medicine would stop it hurting but didn’t discuss the wider context.  
 
Previous studies have reported that as children get older their description of 
pain becomes more sophisticated (Gaffney and Dunne, 1986; Harbeck and 
Peterson, 1992; Crow, 1997; Franck et al., 2010), however, others have found 
this not to be the case (Ross and Ross, 1984).  In this study, most of the children 
used the term “hurts”.  This was found to be one of the most common words 
used by North American Children to describe pain (Mills, 1989; Stanford et al., 
2005).  The word “hurt” was also found to be commonly used in a UK study 
where parents were asked about their child’s use of pain words (Franck et al., 
2010).  There did appear to be some differences between the description of 
pain by the older children who used more descriptive terms (“… it felt like you 
wanted to itch it and pull it out” Mark, aged 8 years; “It was like sharp” Liam, aged 
13 years and “… like it prodding” Lily, aged 12 years).  There was however, a lack 
of temporal terms, such as pulsing or throbbing, which has been found 
previously and was discussed in Section 4.4.2 (Savedra et al., 1995).  Dental 
pain is often described by adults as a “throbbing” pain and therefore it is 
interesting that none of the children in this study described their pain in this 
way.  There is little in the literature to account for how children learn the 
names for different diseases.  It has been reported that children learn to 
describe illness from what they learn from their family context (Campbell, 
1975).  However, young children often use terms such as “headache” or 
“tummy ache” inappropriately to describe pain in other areas of their bodies 
(Liossi et al., 2012).  It is therefore not surprising that some children were 
unaware of the term “toothache”. 
 
The use of the word “earache” to describe the pain was interesting as it was 
not possible to ascertain whether children thought that the pain had been near 
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their ear or whether this was just a word they used to describe any pain 
around that area.  Parents who were asked how their children expressed pain 
discussed that often they would use terms like “tummy ache” or headache” to 
describe pain in other parts of their bodies (Liossi et al., 2012), therefore the 
use of these types of description may be part of how children learn to express 
their pain experience. 
 
Some other reported impacts were, perhaps, not surprising as it is well known 
that eating and sleeping can be affected by dental pain.  However, the 
restrictions that the children described in terms of diet due to being unable to 
eat some foods because they got stuck in their teeth or because they were too 
hard to bite, is significant when it is considered that this may have been an 
issue for some time.  Children who described eating-related impacts had used 
some avoidance method, either avoiding certain foods or eating differently, to 
cope with the pain they were experiencing.  It was interesting to note that 
when some of the children were completing the questionnaires for the content 
validity stage, they answered that they had experienced some impacts related 
to eating, but their parents were unaware of this.  This may indicate that the 
children had found a coping mechanism and therefore had not discussed it 
with their parents, only reporting more acute symptoms.  This also highlights 
the importance of involving children in the item generation process but also 
the value of self, rather than proxy, reporting which has been highlighted 
elsewhere in the child pain and HRQoL literature (Zhou et al., 2008; Eiser and 
Varni, 2013). 
 
Most of the younger children required more probing to elicit their responses, 
but the information they provided was invaluable in ensuring that the 
language used in the final version was appropriate for younger as well as 
older children.  Although they described the impacts in less depth, their 
experiences were largely similar to the older respondents, supporting the 
development of a single measure.  A previous study found that children aged 
five to eight years were able to complete the short form version of CPQ which 
was designed for 11-14 year-olds (Foster Page et al., 2013a). 
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Language 
The children generally discussed the impacts in terms of severity rather than 
frequency which is similar to the findings of others (Stevens, 2009; Marshman 
et al., 2010; Carlton, 2013a). Whilst observing children complete the 
questionnaire, some seemed to consider the frequency and the severity with 
which an impact has occurred to help them arrive at their answer; for example, 
how often food gets stuck combined with how much it hurts when it does.  
These response options are similar to those described by Stevens (2009) and 
Carlton (2013b) following evaluation of the words children had used in their 
interview.  Although these studies all took place in Sheffield, the words used 
by the participants have appeared in other measures of HRQoL developed in 
other areas of the UK and in other countries for both adults and children 
(Guyatt et al., 1987b; Bradley et al., 1999; Wille et al., 2010).  However, further 
testing of the measure in other areas and countries will confirm if any 
alteration is required. 
 
A lack of face validity was discovered with the question “I worry that I can see 
holes in my teeth” when it was discussed with children.  Many children 
reported that they had answered “a bit” or “a lot” as although they could not 
see holes in their teeth, theoretically they would be worried if they could see 
them.  Therefore the wording of this question was changed to improve face 
validity. 
 
The format of the global question also posed some challenges.  Initially, a 
question which was similar to that used in CPQ was formulated (“How 
healthy are your teeth?”).  It became clear during the testing of face validity, 
that children were not completing this question as expected.  Their answers 
seemed to have little to do with the health of their teeth and be more related to 
their general health or oral health practices.  This may be due to how children 
perceive health at different ages.  Natapoff (1978) found that young children 
described health as series of specific practices such as eating meats and 
vegetables, exercising and being clean, when compared to older children who 
were more concerned with whole body states such as feeling good and being 
in good physical shape (Natapoff, 1978).  In addition, young children did not 
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believe that you could be part healthy and part unhealthy, therefore if children 
thought they were generally well, it would not be possible for their teeth to be 
unhealthy.  Children are taught about health and wellbeing in schools and 
learn through the media, and there may be some social stigma associated with 
not being healthy, therefore children may be reluctant to admit that their teeth 
are not healthy.  This may, in part explain weaker correlations with the CPQ 
total score and the global rating of oral health than with the global rating of life 
overall (Jokovic et al., 2002; Jokovic et al., 2004; Robinson et al., 2005; Goursand 
et al., 2008; Aguilar-Diaz and Irigoyen-Camacho, 2011; Gururatana et al., 2011; 
Kolawole et al., 2011). 
 
Despite these minor alterations to CARIES-QC, very little else required 
modification during the face and content validity testing stage.  This may be 
attributed to ensuring that the words children used were included in the 
questionnaire, thereby aiding comprehension.  The importance of asking 
children why they have picked a particular answer is essential in ensuring 
good face validity and proved extremely valuable in rewording the questions 
so that they made sense to the participants.  

Questionnaire format 
Children were involved in choosing between several different designs of 
questionnaire, two of which they could complete.  The majority preferred the 
version with a statement and separate response scale (V2) where the desired 
option was circled as there was less to read. It was interesting to watch the 
children complete the questionnaires, as the statement-based version (V1) took 
much longer for them to read.  They would read all of the words in each 
response option before deciding upon a response, whereas as adults we may 
skim read the options before honing in on the preferred option.  Younger 
children in particular, did not appear to realise that there was a format to how 
these were written and carried out the same procedure for each question.  It 
therefore took them almost twice as long to complete as the alternate version.  
As children with dental caries come predominantly from areas of high social 
deprivation or from minority ethnic groups where English is not the first 
language, reducing the number of words which have to be read is desirable.  
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Indeed, while assessing face and content validity some parents struggled to 
read the questions to their children. 
 
A three-point scale was chosen to aid completion by younger participants and 
also to reduce the overall volume of reading.  The CAT-QoL initially had a 
five-point Likert scale, however, following Rasch analysis this was redesigned 
as a three-point scale as it was clear that, despite the ranking exercise which 
had been used (Section 6.1.3), children could not reliably use the five-point 
version (Carlton, 2013c).  Gherunpong (2004a), in the development of the C-
OIDP also found that a four-point scale was more suitable for children than a 
five-point scale, while parents who commented on the SOHO-5 also felt that 
five responses would be difficult for children to comprehend (Gherunpong et 
al., 2004a; Tsakos et al., 2012).  Three-point Likert scales have been successfully 
used in other measures of HRQoL for use with children (Varni et al., 2001). 
However, reducing the number of response options may decrease the 
instrument’s ability to detect change and attenuate its test-retest reliability due 
to the limited number of values which can be chosen (Weng, 2004).  The 
reliability and responsiveness of CARIES-QC will be discussed in the next 
chapter.   
 
A recall period was not included in the measure, as it was felt that this would 
complicate the process for young children.  Others have suggested relatively 
short recall periods should be used (Matza et al., 2004).  However, it was felt 
that limiting the recall period to a week for example, would not be useful due 
to the often sporadic nature of symptoms from carious teeth. 

6.5.3 Study	design	

Participants and recruitment 
Recruitment to the interview stage of the study was challenging and yielded a 
relatively low response rate (27%).  The initial approach involved giving the 
family an information pack to take home with a reply slip and prepaid 
envelope for its return.  The majority of these patients were seen as new 
patients and therefore they may have had other information given to them on 
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the day (consent forms, information sheets, diet diaries etc.) and may have 
overlooked or forgotten to post the reply slip.  There was a sense that perhaps 
the families were overloaded with information at this time.  Non-return of 
reply sheets is a common occurrence in national dental surveys even when 
individuals are sent reminders by the school (Public Health England, 2012; 
Public Health England, 2013).  However, in this study the response rate did 
improve slightly with a follow-up telephone call.  As the parents were acting 
as “gatekeepers” it is difficult to know whether it was the child’s decision not 
to participate or that of their parents.  Reasons given by the parents were that: 
the child wasn’t interested, they would find it difficult to organise a 
convenient time due to work or their children’s extracurricular activities or 
that they had an illness in the family that would make it difficult to participate.  
It is clear that families are busy and have many competing activities to 
arrange.  Therefore it may be best in similar populations to perform interviews 
along with scheduled appointment visits, in a room away from the clinic to 
make the environment more comfortable and less intimidating.  This was not 
possible in the majority of cases for the present study as most of the eligible 
participants were returning for treatment under GA only.  Despite the low 
response rate, bias is likely to be low as children living in areas with varying 
levels of deprivation, of different ages and with varying clinical presentations 
were recruited.  However, it is unknown if those who chose not to participate 
may have had different experiences than those who did choose to take part. 
This is an acknowledged limitation of the study design and may have 
introduced some bias within the study group. Interestingly, recruitment to all 
other stages was found to be high.  This is likely to be due to minimising the 
burden for the families by asking them to participate during scheduled clinic 
appointments. 

Ethical issues 
During the planning of these stages consideration was given to how to reduce 
power imbalance, confidentiality and interviewer safety as described in 
Section 4.3.  FG undertook a three-day training course in in-depth interviewing 
techniques (National Centre for Social Research, London), which ensured 
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adequate preparation for the technical, theoretical and ethical aspects. No 
ethical or governance concerns arose during the study conduct.   
 
As FG had approached the children and their families in the clinical 
environment, they were aware that they were being interviewed by a dentist.  
However, FG was not involved in their care nor actively involved in clinical 
activities when they were invited to participate, this perhaps made FG’s 
clinical role less apparent.   In addition, although the participants were 
purposively sampled to have a range of presentations, FG did not look at their 
clinical notes until after the transcripts had been analysed to minimise any 
preconceptions about their experiences. The interviews were either held in the 
participant’s homes or in a non-clinical area, ensuring distance from the 
clinical setting.  Children and their parents chose where to conduct the 
interviews within their homes and were given a choice of seating areas when 
these were conducted in non-clinical settings.  This aimed to give the 
participants some control over the situation and to reduce the power 
imbalance. The children did not seem to be inhibited by the fact that FG was a 
dentist and were happy to discuss their experiences of dental caries and the 
treatment they had received to manage it.  In fact, although comments about 
the dental profession and the treatment they received were generally positive, 
both children and their parents were openly critical at times, indicating that 
they did not feel inhibited by FG’s status as a dentist.   
 
During the interviews and focus groups, no issues were raised which required 
safeguarding procedures to be followed.  The majority of interviews took place 
in the participant’s homes, there were no safety issues and the interviewer was 
made to feel very welcome at all times. 

6.5.4 Limitations	

A limitation of this part of the study was that the participants were from only 
one city in the UK and therefore the language used may be specific to children 
from Sheffield.  Colloquialisms such a “kinda” (to describe severity) and 
“dint” (to describe a hole) were not included in the measure.  Therefore it is 
hypothesised that the words used and experiences are generalisable but 
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further testing would be required to confirm this.  The children who 
participated in the focus groups and interviews had a variety of clinical 
presentations; some were in pain while others were not, some had experience 
of dental treatment for caries, whilst others had limited dental experience and 
they had differing numbers of carious teeth with varying extents.  It can 
therefore be assumed, that although they were predominantly recruited from a 
secondary care environment, the experiences they discussed have 
representational and inferential generalisability, as they reflected the different 
presentations seen in clinical practice (Ritchie et al., 2003).   It would be 
expected that the experiences of children in this population would be similar 
to those in the rest of the UK and indeed further afield; although there may be 
slight differences in the way children from other areas or countries may 
describe these impacts.  However, it should be noted that these findings may 
be different from those found in a population sample where there are lower 
levels of caries experience.  
 
The reliability and validity of the qualitative data may be affected by the large 
number of non-responders and as it was not possible to compare these non-
responders with the participants due to ethical constraints, it is unclear 
whether these non-responders may have differed from those who did respond 
in some way.  However, the fieldwork and analysis were conducted in a 
robust and consistent way, ensuring the reliability of the data obtained (Ritchie 
et al., 2003).  The transcripts were analysed by dentists, this may have imposed 
a clinical perspective upon the data, although none of the analysts were aware 
of the child’s clinical presentation which attempted to minimise the impact of 
this.   The findings of the interviews and focus groups are not unexpected and 
relate to issues that children report to be symptoms of dental caries which 
would also tend to imply their reliability and validity.  This study did not set 
out to validate children’s descriptions, rather it aimed to discover the language 
they used in order to create questionnaire items that were meaningful and 
relevant to them.   
 
Only children who could speak English were included in all parts of the study, 
as undertaking qualitative data collection through interpreters is difficult and 
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costly.  As the aim was to discover the words which children used, it would 
have been inappropriate to include those provided by adult interpreters.  
Children from families where one or both parents did not speak English were 
included, where appropriate consent was attained, to ensure that as many 
children from ethnic minorities were involved as possible.  
 
The focus groups involved a small number of children as is advised when 
conducting focus groups with young children (Hoppe et al., 1995).  This may 
limit the range of views which are expressed, but may aid the inclusion of 
young, quiet children.  Although the number of children in the focus groups 
was small, the issues that individual children raised were then discussed with 
the group to elicit whether they had similar experiences.  In this study, the 
data from the focus groups were used, in part, to inform the topic guide and 
therefore acted as a guide to important themes and the vocabulary which 
could be explored in the interviews. The interviews were also relatively short 
in length, this reflects the narrow focus of the topic (i.e. impacts related to their 
experience of caries only) and the fact that some children had experienced few 
impacts as a result of dental caries.  It should also be noted that the recorded 
duration of the interviews did not include time spent providing introductory 
information, gaining of consent, choosing of pseudonym or post-interview 
debriefing and therefore relates entirely to the time spent talking about the 
topic.  Further in-depth qualitative enquiry may allow greater understanding 
of the impacts discussed in this study and their relative importance to be 
explored in more detail.  
 
The focus groups and interviews were guided using the sociology of 
childhood as a theoretical underpinning (Holland et al., 2008).  This allows the 
data to be taken at face value and does not impose any restrictions upon the 
data.  This approach was chosen as the aim was to understand how children 
describe the impacts of caries in order to create questionnaire items which 
reflected these in the language children used.  Theoretical models commonly 
used within oral health-related quality of life research, such as the Wilson and 
Cleary model (Wilson and Cleary, 1995), would have imposed a structure 
upon the data rather than allowing the focus to be on how children described 
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their experiences.  Further analysis of the interview data using such a model 
may allow further insights to be gained in the future, however, this was 
outwith the remit of this study. 
 
A further limitation of the study was that some demographic and caries 
experience data was not collected from children in Stages 2, 3 and 4 as consent 
for this was not sought.  As these children were recruited consecutively, they 
were felt to be representative of the children who attended the clinics at Firth 
Park and the Charles Clifford Dental Hospital who had caries experience.  
There may be reasons why this would not be the case and therefore it is not 
possible without this data to confirm that these participants were a 
representative sample, although the deprivation data would suggest that they 
were.  The children were however, a representative range of ages and they 
suggested changes to the wording and addition of items which were then 
further discussed with other children.  It can therefore be assumed, that a 
range of views were obtained. 

6.5.5 Novel	aspects	

This is the first study to involve young children at all stages of the 
development of a measure of OHRQoL.  The value of this approach is 
evidenced by the limited number of changes required during the face and 
content validity stages, as not only the concepts the children discussed were 
used but also their terminology, enabling the questions and response format to 
be understood. It has also demonstrated that young children are capable of 
discussing their experiences of dental caries. 
 
Discussion of the items with children throughout the study and the reasons for 
their responses provided insight into how children evaluate the different 
options.  This was particularly important during development of the global 
question, as it became clear that children were not choosing the expected 
responses when asked about the ”health of their teeth”. This may explain why, 
when CPQ has been used in other studies with children with caries, the global 
question on life overall has been shown to have a higher correlation with the 
total score, than with the global rating of oral health (Jokovic et al., 2002; Foster 
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Page et al., 2008).  This finding has important implications for development of 
future measures which may wish to include a global measure of oral health.   
 
However, development of a measure in this way does take considerable time 
and was described by Guyatt (1986) as the “Rolls Royce model”.  This may 
explain why some of these steps have been omitted in the development of 
existing OHRQoL measures for children (Guyatt et al., 1986). 

6.5.6 Summary	

A 16-item questionnaire has been developed to measure the impact of caries 
using child-centred methodologies, and has been found to have good face and 
content validity.  Children have been involved at all stages of development 
which has resulted in a measure which is relevant to children and has 
acceptable readability for the intended audience.  The next stage will test the 
measure for reliability, validity and responsiveness. 

6.6 Publications	arising	from	the	work	presented	in	this	chapter	

6.6.1 Peer-reviewed	journal	article	

• Gilchrist F, Rodd HD, Deery C, Marshman Z.  The impact of dental caries 
on children and young people: what they have to say. International Journal 
of Paediatric Dentistry 2015; 25: 327-338. 

6.6.2 Published	abstract	

• Gilchrist F, Deery C, Rodd HD, Marshman Z.  Child-reported Impacts of 
Dental Caries.  Journal of Dental Research 2014; 93(Sp Issue B): 1200. 
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Chapter Seven	

Evaluation	of	CARIES-QC	

7.1 Introduction	

The previous chapter discussed the development of CARIES-QC using child-
centred methodologies.  This chapter will report on the testing of this measure 
in terms of its validity, reliability and responsiveness (Stages 5-7 Figure 6.1, 
page 110). 
 
The findings of the systematic review presented in this thesis found that item 
response theory (IRT) had not been used to evaluate any of the included 
measures.  Unidimensionality is an important property as CARIES-QC has 
been developed to measure change following interventions for the 
management of dental caries and this can only be evaluated accurately where 
an interval scale can be created.  To ensure that CARIES-QC is unidimensional, 
a form of IRT (Rasch analysis) will be used.  A description of this technique 
will be described in detail in this chapter.   As discussed in Chapter Five, the 
COSMIN checklist can be used to ensure robust evaluation of these elements 
and has been used successfully in the development and validation of several 
PROMs (Thorborg et al., 2011; Kwakkenbos et al., 2012; Malliaropoulos et al., 
2014).  The COSMIN group recommends that a number of aspects should be 
reported and evaluated, these will be detailed in the following sections and 
CARIES-QC evaluated using this framework (Mokkink et al., 2010a). 
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7.1.1 Item	response	theory	

Where studies use an item response theory method, the type used should be 
stated. IRT encompasses a group of models which examine latent trait theory. 
Trait level estimates depend on both the participant’s responses and the 
properties of the items administered (Embretson and Reise, 2013).  This 
produces an item characteristic curve which models the participant’s response 
to an item and their level on the construct measured by the scale (Edelen and 
Reeve, 2007).  An example is shown in Figure 7.1.  Several models are available 
where polytomous scales are used. IRT and the Rasch model vary in their 
approaches.  IRT models examine the data and find a model which fits 
whereas Rasch provides one mathematical model to guide the production of a 
linear scale (Cano and Hobart, 2011).  Production of a linear scale enables 
accurate calculation of change scores and therefore may be more suitable for 
measurements relating to health interventions.   
 

 
Figure 7.1.  Example of an item characteristic curve.   
This shows a participant’s expected score depending on their location (level of 
impact) on the logit scale, with a higher level of impact indicated by a higher positive 
logit location. 
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Rasch measurement model 
The Rasch measurement model was originally used in educational testing, but 
more recently has been used in the development and validation of PROMs 
(Batcho et al., 2012; Chien et al., 2014; Shelton et al., 2015).  Internal consistency 
of a scale is usually represented by Cronbach’s alpha, however, approaches 
based on the Rasch model of measurement have also been applied to 
accurately assess unidimensionality of patient-reported scales (Tennant and 
Conaghan, 2007). Rasch analysis allows formal testing of a scale against a 
mathematical model as first proposed by Georg Rasch (Rasch, 1960). Data 
from questionnaires which are intended to be used to achieve an overall score 
are tested against the measurement model’s expectations.  These expectations 
are based on the probabilistic form of a Guttman scaling and a variety of 
statistics show how well the responses fit the model (Guttman, 1950; Smith, 
2000).  Thus, the model expresses the probability of an item that represents a 
given level of impact (difficulty) being endorsed by people with a given level 
of experience of that impact (ability), as a logistic function of the difference 
between the person’s ability and the item difficulty (Rasch, 1960).  These 
values are expressed in logits (log odds probability units), which allows the 
scores achieved by participants to be evaluated as an interval scale, rather than 
the ordinal scores obtained from the raw data.  This transformation allows 
more meaningful interpretation of the original ordinal data, as all raw scores 
are non-linear and therefore the values at the margins of the curve cover a 
wider part of the underlying trait than those at the centre (Figure 7.2) (Tennant 
and Conaghan, 2007).  Thus, change scores can be accurately calculated using 
the interval scale produced. 
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Figure 7.2.  Raw score to linear measurement transformation.   
Raw scores of CARIES-QC are shown on the y-axis and logit scores on the x-axis.  
Distortions can be seen in the raw score due to the sigmoid curve, therefore a five-
point raw score difference in upper tail is equal to 7.1 logits compared with a five-
point difference in the mid-part being equal to 2 logits.   
 
 
Using Rasch analysis in the development and validation of a measure ensures 
fit to the model from the outset.  Items which are chosen for the final measure 
should be unidimensional, free from differential item functioning (i.e. the 
items function in the same way across groups, for example: gender, age) and 
fit the model expectations (Tennant and Conaghan, 2007).  The method for 
exploring each of these aspects is described below. 
 

• Local independence:  To be valid, a scale must demonstrate local 
independence.  That is, responses to previous items should not influence 
those that follow.  This can be examined using residual correlations 
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between items, which should be no more than 0.2 – 0.3 above the average 
residual correlations (Marais and Andrich, 2008). 

 

• Unidimensionality: The Rasch model requires the questionnaire to measure 
only one construct.  This can be examined using two subsets of items, one 
subset where items load positively and the other where items load 
negatively following principal components analysis of the item residuals.  
Unidimensionality is then analysed using an independent t-test on the 
estimates derived from the subtests (Smith Jr, 2005; Tennant and Pallant, 
2006).  

 

• Invariance: It is important that item difficulty remains stable amongst 
participants of different groups, e.g. age and gender.  This is examined 
using analysis of variance using the group as the main factor.  Where 
variance is observed, this is termed Differential Item Functioning (DIF).  
DIF can be uniform (bias is present across the trait) or non-uniform (bias is 
not consistent across the trait) (Holland and Wainer, 1993; Grimsby, 1998).  
Items where DIF is demonstrated should be removed from the measure. 

7.1.2 Internal	consistency	

Assessment of internal consistency can be undertaken using factor analysis, 
CTT or Rasch analysis.  Exploratory factor analysis can be used to identify 
domains within a scale, assess unidimensionality and reduce the number of 
items (Williams et al., 2010). However, the method for doing this involves 
some arbitrary and subjective criteria to select the appropriate number of 
factors.  As noted in Section 7.1.1, Rasch analysis incorporates the person 
ability estimate into the item-parameter assessment and vice versa, thus 
allowing generalisability beyond the original sample.  In contrast, exploratory 
factor analysis cannot separate the person and item characteristics and 
therefore is only relevant in the context of the original sample (Cosco et al., 
2012). Where CTT is used, Cronbach’s alpha should be calculated using data 
from at least 30 participants. 
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7.1.3 Reliability	

Reliability should be tested using test-retest reliability expressed as the 
intraclass correlation coefficient (ICC).  The two administrations of the 
questionnaires should be independent, within an appropriate time interval 
and with at least 30 participants whose condition has remained stable.  The 
appropriate time interval depends upon the condition under scrutiny.  For 
example, a short period may be desirable for patients in palliative care where 
deterioration may be rapid, however one to two weeks is usually suitable for 
most clinical conditions (Mokkink et al., 2010a). 

7.1.4 Construct	validity		

Hypotheses regarding the correlations should be made a priori with regard to 
the direction and magnitude of these.  In addition, for convergent validity, the 
comparator instrument should be adequately described.  

7.1.5 Responsiveness	

Responsiveness should be tested by assessing correlations between change 
scores using the instrument and those in the global rating score.  Hypotheses 
should be presented regarding the magnitude of these correlations.  The MID 
can be calculated to aid clinical interpretation. 

7.1.6 Interpretability	

Information should be provided regarding the demographics of the sample, 
floor and ceiling effects, mean scores for different groups and the MID to allow 
the results to be interpreted adequately. 

7.1.7 Missing	items	

In addition to the above factors, the proportion of missing items should be 
reported along with details regarding how these were dealt with. There are a 
variety of methods available to deal with missing values.  These include 
insertion of sample or individual mean values, single regression and multiple 
imputation (Shrive et al., 2006).  Multiple imputation is based on a technique 
proposed by Rubin (1976) and aims to estimate a missing value.  The missing 
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data are predicted using existing values, these are imputed multiple times 
resulting in a data set which can then be analysed separately resulting in 
multiple analyses from which a final value can calculated (Wayman, 2003).  
This method is said to reflect variability which would be expected within any 
survey data (Shrive et al., 2006). Shrive and colleagues (2006) found that while 
multiple imputation was usually the most accurate method to replicate 
missing values, individual mean imputation also performs in a similar manner 
in some circumstances.  Individual mean imputation is simpler to perform and 
may be easier for clinicians to interpret.  Individual mean imputation is 
recommended where participants have answered over half of the questions 
and where the scale is unidimensional (McIver and Carmines, 1981; de Haes et 
al., 1996; Fayers et al., 1998). It is important to assess the nature of the missing 
responses as they may introduce bias or indicate questions which are difficult 
for participants to understand or which participants are unwilling to answer. 

7.1.8 Order	effect	

The order in which questions are presented may influence the way 
participants answer future items in the measure (Perreault Jr., 1975).  This may 
occur where participants wish to be consistent and therefore base subsequent 
answers on what came before (Perreault Jr., 1975).  Completion of 
questionnaire items requires complex cognitive processes involving 
interpretation and memory (Krosnick, 1999).  Therefore, this requires great 
effort, especially if there are a large number of questions.  Participants who are 
willing to put this effort in to “optimise” their responses and produce high 
quality responses (Krosnick, 1991).  However, where this effort becomes too 
hard to sustain, participants may become fatigued and distracted and answer 
less thoughtfully.  This may mean that they choose the middle response option 
or may choose an answer randomly (Krosnick, 1999).  This is termed 
“satisficing” and is more likely to occur where the items are difficult, with 
participants with lower reading ability and where motivation is low (Krosnick, 
1991).  As it may take a considerable effort for young children to read through 
a questionnaire, they may be at risk of satisficing.  Therefore, where two 
questionnaires are compared, the order in which they are answered should be 
allocated randomly and the effect of this analysed.  
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7.1.9 Summary	

To ensure that CARIES-QC is unidimensional, free of local dependence and 
DIF, Rasch analysis will be performed.  Internal consistency, reliability, 
construct validity, responsiveness and order effect will then be assessed and 
reported in detail to ensure interpretability. These steps will be used to 
ascertain which of the original items should be retained and to validate 
CARIES-QC. 

7.2 Aim	

The overall aim of this stage of the research project is to assess the validity, 
reliability and responsiveness of CARIES-QC.  In addition, raw scores will be 
transformed to an interval level scale which can be used in future studies. 
 
The specific objectives are to: 
1. Produce a unidimensional measure which is free from DIF using Rasch 

analysis. 
2. To apply the COSMIN checklist to the analysis to ensure all elements are 

tested robustly. 

7.3 Method	

Ethical approval was gained from the South Yorkshire Regional Ethics 
Committee as previously detailed in Section 6.3.1. 

7.3.1 Recruitment	

A convenience sample of participants was recruited from new patient clinics in 
the paediatric dental department of the Charles Clifford Dental Hospital 
(CCDH) and from Sheffield Salaried Primary Dental Care Services at Firth 
Park Clinic, Sheffield. Participants were recruited by FG, HR, CD, CB and VW 
at CCDH and JH at Firth Park Clinic between July 2014 and January 2015.  
Children and their parents were provided with age-appropriate information 
sheets. Instructions were given to the families who wished to participate.  
Parents were advised that they could help the children to read the questions if 
required but that it was the children’s responses which were desired.  FG, HR, 
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CD, VW or CB read the questions to children where the parent could not read 
English.  Inclusion and exclusion criteria were similar to those applied during 
the development process. 

 
Inclusion criteria 

• Children aged 5-16 years at recruitment 

• Children with active dental caries present 

• Children who are able to understand spoken English 
Exclusion criteria 

• Children with other pre-existing medical conditions (American Society of 
Anesthesiologists’ Physical Status Classification System Grade 3 or greater 
(American Association of Anesthesiologists, 1974)) 

• Children with dental conditions other than dental caries (e.g. hypodontia, 
cleft lip and palate) 

• Children with severe learning difficulties who would be unable to 
participate with the intended activities even with support  

7.3.2 Questionnaires	

Data were collected at three time points where possible.  These were:  

• Baseline (T0), for example, at new patient clinic appointment 

• Prior to the start of dental treatment to allow test-retest reliability (T1)  

• Following dental treatment for dental caries (T2).   

Baseline responses (T0) 
At T0, participants were asked to complete two questionnaires: CPQ11-14-ISF:16 
and CARIES-QC.  CPQ11-14-ISF:16 contains 16 items and two global questions 
(Jokovic et al., 2006).  Participants are asked how often (never, once or twice, 
sometimes, often, everyday or almost everyday) they have experienced the 
listed impacts during the past three months.  As discussed in Section 4.6.1, the 
questions are scored on a 5-point Likert scale from 0-4, with increasing score 
indicating increased impact (possible total score thus ranges from 0–64).  This 
version of the short form of the CPQ11-14 has been used successfully in children 
aged 5-8 years (Foster Page et al., 2013a).   
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CARIES-QC contains 16 items and one global question as described in the 
previous chapter.  The items are scored on a 3-point Likert scale and scored 0-
2, with increasing score indicating increased impact (possible total score thus 
ranges from 0–24).  Participants were randomised (research randomizer) to 
receive either Questionnaire A (CARIES-QC followed by CPQ11-14-ISF:16) or 
Questionnaire B (CPQ11-14-ISF:16 followed by CARIES-QC) to control for order 
effect.  Clinical and demographic data were collected including: age; gender; 
ethnicity; postcode (to assign Index of Multiple Deprivation (IMD) 
score/rank); dmft/DMFT; presence of anterior caries; pain and pulpal 
involvement.  DMFT/dmft were assessed by experienced clinicians using a 
combination of clinical and radiographic evidence where available.  Caries was 
judged to be present where there was caries into dentine clinically or 
radiographically. Where a tooth had a restoration and caries, the tooth was 
judged to be carious rather than restored.  A tooth was judged to have pulpal 
involvement where the pulp was exposed, there were clinical signs of infection 
(sinus, swelling etc.) and/or where it was judged restoration of the tooth 
would require root canal therapy either clinically or radiographically.  FG 
discussed the criteria with clinicians who were to collect the data and FG was 
available during clinical sessions in the first month of data collection to ensure 
that clinicians applied the criteria correctly. 

Prevention visit (T1) 
Participants who returned for a prevention visit prior to treatment were asked 
to complete only CARIES-QC (Questionnaire C) for test-retest reliability.  This 
questionnaire contained a supplementary global rating of change question 
which asked whether the participant’s teeth felt “the same”, “better” or 
“worse” compared with the previous administration.  Only those who 
reported that their oral condition had remained stable were included in 
analysis of test-retest reliability.  At this visit children either read the questions 
themselves or had a parent or FG read the questions to them. 
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Follow-up on completion of treatment (T2) 
Participants were invited to return following their last treatment visit to 
complete the final questionnaire (Questionnaire D), which was identical to 
Questionnaire C.  At this visit, data relating to the treatment that the patient 
had received and the date of the final treatment visit were recorded. At this 
visit children either read the questions themselves or had a parent or FG read 
the questions to them. 

7.3.3 Data	analysis	

The RUMM2030 (RUMM Laboratory Pty Ltd, Perth, Australia) software was 
used for all Rasch analyses, which were based on the unrestricted or partial 
credit model (Masters, 1982; Andrich et al., 2009).  All other analyses were 
undertaken using SPSS 20 (IBM, New York, United States).  The Index of 
Multiple Deprivation score/rank (2010) was calculated using GeoConvert 
applied to the participant’s postcodes (The UK Data Service). 

Missing items 
Where greater than two values were missing from CPQ11-14-ISF:16, the 
individual questionnaire was excluded from further analysis.  Where greater 
than two questions were unanswered in CARIES-QC, the participant was 
eliminated from further analysis.  This threshold was chosen, as it eliminated 
participants who failed to answer entire pages and was equivalent to 
approximately 10% of the items.  This value (10%) was shown by Shrive and 
co-workers (2006) to produce a Kappa of 0.88 when individual mean 
imputation was used compared to the original value.  Therefore, where fewer 
than two missing values were present, the individual mean for that participant 
was used (i.e. values were filled with the computed mean of the participant’s 
completed items) (Shrive et al., 2006).  This was not required for the Rasch 
analysis, as the calculations take account of missing values and therefore mean 
values are not substituted. 

Item response theory 
Rasch analysis was performed for the data pertaining to the initial 
administration of CARIES-QC.  Items demonstrating misfit to the model, local 
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dependence or DIF were removed to create a unidimensional scale.  A sample 
size of at least 150 participants is recommended to give 99% confidence that 
the estimate is within 0.5 logits (Linacre, 1994).  
 
The category structure of the scale was analysed to ensure that participants 
had used the response options as expected.  An ordered set of response 
thresholds for each item should be present (Tennant and Conaghan, 2007).  
That is, the response options (“not at all”, “a bit” and “a lot”) should 
discriminate as expected.  Where there are disordered categories, this indicates 
that participants were unable to distinguish between response options 
adequately.  This may be due to having too many response options or that the 
labeling of the options is confusing and difficult for participants to 
discriminate between the different levels (e.g. sometimes, often, frequently).  
Figure 7.3 and Figure 7.4 show examples of ordered and disordered categories.   
 

 

Figure 7.3.  Example of ordered response categories.   
Each response category (“Not at all”, “a bit” or “a lot”) systematically has a point 
along the continuum where it is the most likely response (i.e. the peak). 
 
 

nNot at all 
nA bit 
nA lot 
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Figure 7.4.  Example of disordered response categories.   

Responses for the second option (“a bit”) is never the most likely to be endorsed at 
any point along the underlying trait. 
 
 
To overcome this, adjacent categories may be collapsed to reduce the response 
options or the question removed.  Where disordered thresholds were detected, 
these questions were removed, as there were only three response options and 
therefore collapsing options was not appropriate. Local dependency was 
deemed to be present if residual correlations were greater than 0.2 above the 
average residual correlation (Kersten et al., 2014). DIF was checked for by age 
(5–7 years, 8–11 years, 12–16 years), gender, ethnicity (white British and non-
white British) and deprivation.  For analysis, three equal groups were created 
using the IMD scores of the sample (lower one-third of scores, middle third of 
scores, higher third of scores). 
 
If the data fit the Rasch model, each item and person fit residual should be 
within the range +/- 2.5 and the mean item and person fit statistics should be 
close to zero with a standard deviation of one (Kersten et al., 2014).  Finally, 
the individual items and summary chi-square interaction statistics should be 
non-significant (>0.05), although these are subject to Bonferroni adjustment 
based on the number of items.    Strict unidimensionality was then examined 
using an independent t-test on two subsets of items (those which load 
positively and those which load negatively) identified using principal 

nNot at all 
nA bit 

nA lot 
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component analysis of the items residuals.  If the 95% confidence interval of 
these t-tests includes 5%, then unidimensionality is confirmed.   
 
Reliability can also be assessed using the Person Separation Index (PSI).  This 
is equivalent to Cronbach’s alpha, however the logit value is used instead of 
the raw score (Tennant and Conaghan, 2007).  It is interpreted in the same 
manner, i.e. a value of 0.7 is recommended.   
 
As most OHRQoL measures are ordinal in nature, this precludes simple 
addition and subtraction of raw scores (Svensson, 2001).  As CARIES-QC 
focuses on attributes which are not directly measurable, such as pain and 
emotional impacts, the raw score will only be indicative of a rank along the 
scale (Tennant et al., 2004).  In order, to use the raw score to accurately 
measure change, conversion to an interval level scale is required.  This can be 
achieved by transforming the ordinal score to a logit score (Tennant et al., 
2004).  Following fit to the model, a transformation from raw score to interval 
data was undertaken.  All further analyses, where appropriate, were based on 
the scale created from this analysis. 
 

Interpretability 
Floor and ceiling effects were defined to be present if more than 15% of 
participants reported the best or worst possible score (Terwee et al., 2007).  The 
mean, range and standard deviation (SD) of scores were calculated for all 
subgroups (gender, age, ethnicity and deprivation group). Independent t-tests 
and one-way ANOVA were used to test for differences between the 
transformed interval CARIES-QC score (CIS) according to clinical and 
demographic variables as this data was normally distributed.  Mann-Whitney 
U Tests and Kruskal-Wallis tests were used to identify differences between the 
clinical and demographic subgroups as the total CPQ11-14-ISF:16 score was not 
normally distributed.    
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Internal consistency, reliability and construct validity 
In addition to the Rasch analysis, to allow comparison with similar scales, 
Cronbach’s alpha was calculated for both CARIES-QC and CPQ11-14-ISF:16. 
Cronbach’s alpha >0.7 is recommended to indicate a homogenous scale 
(Terwee et al., 2007). 
 
ICC was calculated for all participants who remained stable between T0 and 
T1.  A value >0.7 is deemed acceptable (Terwee et al., 2007). 
 
A one-way ANOVA was performed to check for order effect (between 
Questionnaire A and B).  Construct validity was tested using the appropriate 
bivariate correlations between CARIES-QC total score and: CPQ11-14-ISF:16 total 
score; the presence of pain; pulpal involvement; anterior caries; total number 
of carious teeth; total caries experience and the global scores of both  
CARIES-QC and CPQ11-14-ISF:16.  It was hypothesised that there would be 
positive correlations with CPQ11-14-ISF:16 (especially the oral symptoms, 
functional and emotional wellbeing domains) and the global questions from 
both CARIES-QC and CPQ11-14-ISF:16.  It was also hypothesised that there 
would also be positive correlations between CARIES-QC total score and 
clinical data (the total number of carious teeth, the presence of pain and pulpal 
involvement).  These hypotheses were based on the information obtained from 
the qualitative data described in Chapter Six.   

Responsiveness 
This was analysed using correlations between the mean change score at T2 and 
the global change score reported by the participant (-1=worse, 0=same, 
+1=better).  It was hypothesised that change score (difference between T0 and 
T2) would correlate with the global score, with those feeling there had been an 
improvement in their condition having a lower total score than those who felt 
they had stayed the same or felt worse.  It was also hypothesised that those 
who felt that they had improved would have lower mean scores than those 
who felt their dental condition had deteriorated or remained unchanged 
following treatment. 
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7.4 Results	

Of those who were approached to participate, only one child declined 
(response rate 99%).  A total of 202 participants were recruited between July 
2014 and January 2015.  Two (1%) participants did not complete CARIES-QC 
(the pages containing CARIES-QC were omitted) and therefore were 
eliminated from further analysis. There were 95 (47.5%) males and 105 (52.5%) 
females with a mean (range) age of 8.01 (5.01–16.02) years.  The majority of 
children were reported to be white British (65%, n=130).  IMD scores ranged 
from 5.01-75.31 (mean=37.83).  The IMD rank scores ranged from 81-29897 
(mean = 8015), with 59.5% (n=119) of participants living in the most deprived 
quintile according to national IMD ranking scores (McLennan et al., 2011).  
Further demographic information is shown in Table 7.1. 
 
Twenty-two (11%) children were in the permanent dentition, 72 (36%) in the 
primary dentition and 106 (53%) were in the mixed dentition.  The mean 
(range) dmft was 6.22 (0-16), with two (1%) children having no caries in their 
primary teeth.  The mean (range) DMFT was 1.6 (0-13) with 57 (46%) children 
having no caries in their permanent teeth.  Further details of caries experience 
are shown in Table 7.2.  Anterior caries was present in 41 (20.5%) of the 
participants.  Pulpal involvement was present in 160 (80%) and pain reported 
in 145 (72.8%) of participants.  
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Table 7.1.  Demographic characteristics of the participants (n=200). 

Variable Proportion Number 

Gender 
Male 
Female 

47.5% 
52.5% 

95 
105 

Ethnicity 
Asian background  
Black background  
Mixed background  
White British background 
Other background 
Unknown background 

15.5% 
2.5% 
4.5% 

65.0% 
4.5% 
8.0% 

31 
5 
9 

130 
9 

16 
Socioeconomic status 

Most deprived 
More deprived 
Average 
Less deprived 
Least deprived 

59.5% 
18.5% 
10.0% 

6.5% 
5.5% 

119 
37 
20 
13 
11 

 
 

Table 7.2.  Caries experience of included participants (n = 200). 

 Minimum Maximum Mean (SD) 

dmft 0 16 6.24 (3.45) 
Number of carious primary teeth 0 14 5.74 (3.40) 
Number of missing primary teeth 0 10 0.27 (1.15) 
Number of filled primary teeth 0 4 0.22 (0.69) 
DMFT 0 13 1.57 (2.18) 
Number of carious permanent teeth 0 9 1.38 (1.77) 
Number of missing permanent teeth 0 4 0.05 (0.38) 
Number of filled permanent teeth 0 7 0.13 (0.74) 
Total number of carious teeth 1 14 6.01 (3.27) 
Total number of missing teeth 0 10 0.27 (1.12) 
Total number of filled teeth 0 7 0.28 (0.89) 
SD = standard deviation 
dmft = total number of decayed, missing and filled primary teeth 
DMFT = total number of decayed, missing and filled permanent teeth 
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7.4.1 Missing	data	

At baseline, a total of 11 (5.5%) participants had missing values for  
CARIES-QC. Three (1.5%) participants had greater than two missing values in 
CARIES-QC and were eliminated from the following analyses with the 
exception of the Rasch analysis.  Seven participants had one missing value and 
one had two missing values in CARIES-QC.  There was no discernable pattern 
to these missing values.  Missing values for these eight participants were 
replaced with the participant’s overall mean value.  One participant omitted 
the global question, this was not replaced by a mean value and therefore 
correlations with the global score excluded this participant. There were no 
missing values at T1 and only one missing value at T2.  The missing value at 
T2 was replaced with the participant’s overall mean value. 
 
A total of 8.5% (n=17) of participants had missing values for CPQ11-14-ISF:16.  
Nine (4.5%) participants had greater than two missing values in CPQ11-14-ISF:16, 
one had two missing values and seven one missing value.  Of these, two had 
omitted the global question regarding the effect on life overall.  These values 
were not replaced and therefore not included in correlations with total score.  
Mean participant values were used to replace the missing data, with the 
exception of the global questions. Those with more than two missing 
responses generally related to entire pages being omitted.  Of those where 
isolated values were absent, three participants had not answered the question 
relating to having “sores”.  No other items had more than two missing values.  
 
It was noted that on both questionnaires, participants had occasionally 
supplied two responses to a question.  Where one of these had not been 
indicated as an error by the participant, these values were assigned as missing. 

7.4.2 Rasch	analysis	

Two hundred participants were included in the Rasch analysis.  One item 
(“feeling tired”) had a disordered threshold and three items demonstrated 
misfit to the model (“taking medicine”, “front teeth looking brown or black” 
and “being able to see holes”).  A residual correlation > 0.13 was seen between 
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the items “being kept awake” and “interfering with schoolwork”.  However, 
removal of either of these items did not improve the overall fit. No DIF was 
observed. Seven participants did not fit the Rasch model and were therefore 
removed.  This resulted in acceptable fit statistics (Table 7.3).  Table 7.4 shows 
the item fit statistics for the 12 retained items which are ordered from ”easiest” 
(“food stuck”) to “most difficult” (“interfering with schoolwork”).  The mean 
person location is -1.12 when the items are centred on zero.  This demonstrates 
that the scale is targeted to a population with slightly more impacts than the 
participants, which may be due to the number of participants who reported no 
or low levels of impacts. Figure 7.5 shows the person-item threshold map 
which shows that participants are distributed in a similar pattern to the items, 
indicating that the items measure the impacts of caries along the construct 
from least to most.  As the items fit the Rasch model, a transformation from the 
raw score to interval scaling is shown in Table 7.5. 
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 T
able 7.3.  C

A
R

IES-Q
C

 fit to the R
asch m

odel. 

A
nalysis nam

e 
Item

 residual 
Person residual 

C
hi-square 

R
eliability 

U
nidim

ensionality 

 
M

ean 
SD

 
M

ean 
SD

 
V

alue (df) 
P 

 
Percentage of 

tests > 5%
 

95%
 C

I 

Initial analysis 
-0.39 

1.62 
-0.23 

1.04 
112 (32) 

0 
0.86 

4%
 

1.96 – 14.04 
R

em
ove item

 “tired” 
-0.41 

1.66 
-0.21 

1.03 
92 (30) 

0 
0.85 

4.5%
 

3 – 15.04 
R

em
ove item

s “holes”, 
“brow

n” and “m
edicine” 

-0.04 
0.90 

-0.25 
1.00 

39 (24) 
0.03 

0.85 
4%

 
2 – 14.04 

R
em

ove 7 participants 
w

ith m
isfit 

-0.37 
0.86 

-0.21 
0.89 

38 (24) 
0.04 

0.85 
4.15%

 
2.07 – 13.93 

Ideal 
0 

1 
0 

1 
 

>0.004* 
>0.7 

<5%
 

LC
I <5 

*Bonferroni adjusted for 12 item
s; SD

=standard deviation; df=degrees of freedom
; C

I=confidence interval; LC
I=Low

er confidence 
interval. 
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Figure 7.5.  T
argeting of C

A
R

IES-Q
C

.   

The upper section of the graph show
s the distribution of participants and the low

er part the distributions of thresholds (category 
transitions) of the item

s.  The x-axes display the location (severity of im
pact) of the participants and the item

 location (difficulty) of the 
item

 thresholds.  The y-axes show
 the frequency of item

 thresholds and participants. 
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T
able 7.4.  Fit of the 12 item

s of C
A

R
IES-Q

C
 to the R

asch m
odel in location order. 

Item
 

Location 
Standard 

error 

Fit residual 
D

egrees of 

freedom
 

C
hi-square 

Probability 

Food stuck 
-1.88 

0.14 
0.57 

162.04 
5.62 

0.060 
Eating on 
one side 

-0.79 
0.13 

-0.75 
161.14 

0.61 
0.738 

H
urts 

-0.69 
0.14 

-0.70 
162.95 

5.03 
0.081 

A
nnoyed 

-0.45 
0.13 

-1.69 
162.04 

8.42 
0.015 

Eating 
carefully 

-0.34 
0.13 

-1.68 
164.76 

4.44 
0.108 

C
ried 

-0.22 
0.14 

1.17 
164.76 

4.68 
0.097 

D
ifficult to 

eat 
0.16 

0.15 
0.11 

162.04 
1.05 

0.593 

C
ross 

0.33 
0.14 

0.08 
164.76 

2.80 
0.247 

Eating 
slow

ly 
0.35 

0.14 
-0.85 

163.85 
1.83 

0.400 

Brushing 
teeth 

0.39 
0.14 

0.35 
163.85 

1.42 
0.492 

K
ept aw

ake 
1.15 

0.16 
-0.48 

162.95 
0.54 

0.762 
Interfering 
w

ith 
schoolw

ork 

2.00 
0.19 

-0.61 
163.85 

1.45 
0.485 

Ideal 
 

 
+/- 2.5 

 
 

>0.004* 

*Bonferroni adjustm
ent based on 12 item

s. 
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T
able 7.5.  T

ransform
ation of raw

 (ordinal) score to interval score. 

R
aw

 score 
Interval score 

R
aw

 score 
Interval score 

0 
0 

13 
13.03 

1 
2.63 

14 
13.62 

2 
4.50 

15 
14.22 

3 
5.84 

16 
14.84 

4 
6.90 

17 
15.48 

5 
7.80 

18 
16.17 

6 
8.60 

19 
16.92 

7 
9.32 

20 
17.76 

8 
10.00 

21 
18.75 

9 
10.64 

22 
19.96 

10 
11.26 

23 
21.65 

11 
11.86 

24 
24.00 

12 
12.45 
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7.4.3 Interpretability	

One hundred and ninety-seven participants were included in the analysis of 
CARIES-QC, three were excluded as they had omitted more than two 
questions. One hundred and eighty-eight participants were included in the 
analysis of CPQ11-14-ISF:16 as nine of the remaining participants had omitted 
more than two questions. 

CARIES-QC 
At baseline, nine (4.6%) participants scored the lowest possible score (possible 
range 0–24) and one (0.5%) the highest, which is within an acceptable range for 
floor and ceiling effects.  The mean (range) raw score was 8.08 (0–24) and the 
CIS mean score was 9.34.  Mean CIS for the different subgroups are shown in 
Table 7.6.  Statistically significant higher mean scores were found for children 
who reported pain (p=0.00) compared those who had not.  This was also true 
for those who had anterior caries (p=0.03) when compared with those without 
anterior caries and those who had pulpal involvement (p=0.03) when 
compared with those without pulpal involvement.  A statistically significant 
difference was found between ethnic groups (p=0.03), with those from non-
white British backgrounds having higher scores than those from white British 
backgrounds.  This was despite there being no significant difference between 
the number of carious teeth, the presence of pain or pulpal involvement 
between subgroups.   
 
At T1 (n=70), the mean (range) raw score was 6.34 (0–20) with three (4.5%) 
participants scoring the lowest possible score.  The CIS mean (range) score was 
8.00 (0–17.76).  Where participants reported that they had experienced no 
change (n=30) since T0, the mean (range) CIS was 8.03 (2.63–16.17).  This was 
contrasted with a lower mean (range) CIS of 7.08 (0–17.76) in those who 
reported that their teeth felt better and a higher mean (range) CIS of 12.14 (8.6–
14.84) in those who felt their teeth had deteriorated (n=7). 
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Table 7.6.  Mean, range and standard deviation of transformed interval level 
CARIES-QC baseline scores. 
Participants/subgroups CARIES-QC interval score 

Participants Number (%) Mean score Range SD 

Overall  197 9.34 0 - 24 4.44 
Gender    

Female  103 
(52.3%) 

9.71 0 - 24 4.59 

Male  94 
(47.7%) 

9.05 0 – 18.75 4.28 

Age group    
5 – 7 years 114 

(57.9%) 
9.82 0 - 24 4.51 

8 – 11 years 66 
(33.5%) 

8.91 0 – 18.75 4.55 

12 – 16 years 17 
(8.6%) 

8.90 2.63 – 16.17 3.49 

Pain    
Yes  142 

(72.1%) 
10.49a** 0 - 24 4.09 

No 55 
(27.9%) 

6.57 0 – 17.76 4.10 

Pulpal involvement    
Yes  157 

(79.7%) 
9.86b* 0 - 24 4.26 

No 40 
(20.3%) 

7.56 0 – 17.76 4.72 

Anterior caries    
Yes  41 

(20.8%) 
10.72c* 0 – 24 4.71 

No 156 
(79.2%) 

9.04 0 – 19.96 4.32 

Ethnicity    
White British 
background  

130 
(66.0%) 

8.91 0 – 18.75 4.29 

Other background 53 
(34.0%) 

10.57d* 0 - 24 4.82 

Deprivation    
Deprivation group 1 
(lowest)  

67 
(34.0%) 

9.20 0 – 24 4.92 

Deprivation group 2 
(middle) 

65 
(33.0%) 

9.93 0 – 19.96 4.35 

Deprivation group 3 
(highest) 

65 
(33.0%) 

9.04 0 – 17.76 4.02 

SD=standard deviation; a**=children who reported pain had significantly higher 
mean CARIES-QC interval score than those who did not report pain (p<0.01); 
b*=children who had pulpal involvement had significantly higher mean CARIES-QC 
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interval score than those who had no pulpal involvement (p<0.05); c*=children with 
anterior caries had significantly higher mean CARIES-QC interval score than those 
who did not have anterior caries (p<0.05); d*=children from non-white British 
backgrounds had significantly higher mean CARIES-QC interval score than those 
from white British backgrounds (p<0.05). 
 
The impact which was most commonly reported by participants at baseline 
was “food stuck” (n=173, 87.5%) and the least reported impact was 
“interfering with schoolwork” (n=34, 17.3%).  The majority of items were 
reported by greater than 50% of participants.  Further details are displayed in 
Table 7.7.  Interestingly, there were 62 (31.5%) children who answered that 
they had experienced no pain.  However, 53 (26.9%) of these children reported 
other impacts related to their caries experience with CARIES-QC total scores 
ranging from 1–11 (mean=2.97).  This compared with scores of 1–24 
(mean=10.24) for those answering that they either had “a bit” or “a lot” of 
pain.  A statistically significant difference in mean CIS was found between the 
pain and non-pain subgroups (p=0.00, independent t-test).  At baseline 64.5% 
(n=127/196) reported that their teeth were “a bit” or “a lot” of a problem with 
respect to the global question.  
 
Table 7.7.  Number and proportion of participants responding positively (“a 
bit” or “a lot”) to each item at baseline (n=197). 

Item Number with impact Proportion with impact 

Food stuck 173 87.5% 
Hurts 135 68.5% 
Eating on one side 123 62.4% 
Cried 121 61.4% 
Annoyed 118 59.9% 
Eating carefully 111 56.3% 
Difficult to eat some 
foods 

111 56.3% 

Eating slowly 87 44.2% 
Brushing teeth 84 42.6% 
Feeling cross 80 40.6% 
Kept awake 64 32.5% 
Interfering with 
schoolwork 

34 17.3% 
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CPQ11-14-ISF:16 
One hundred and eighty-eight participants were included in the analysis of 
data derived from CPQ11-14-ISF:16.  Three (1.5%) participants scored the lowest 
possible score (possible range 0–64) and there were no participants who scored 
the highest score, which is within an acceptable range for floor and ceiling 
effects.  The mean (range) raw score was 15.06 (0–44).  There were statistically 
significant differences between the mean CPQ11-14-ISF:16 score in participants 
who reported pain versus those who had not reported pain and between those 
who had pulpal involvement and those who did not have any pulpal 
involvement (p<0.05 Mann-Whitney U test). Mean scores for the different 
subgroups are shown in Table 7.8. 
 
  The most frequently reported impact in CPQ11-14-ISF:16 was “food stuck” 
(n=167, 88.8%) and least frequently experienced was “difficulty saying words” 
(n=30, 16%).  Further detail regarding the impacts reported using CPQ11-14-ISF:16 
is shown in Table 7.9. 
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Table 7.8.  Mean, range and standard deviation CPQ11-14-ISF:16 scores. 
 CPQ11-14-ISF:16 score 

Participants Number 
(%) 

Mean Range SD 

Overall  188 15.06 0 - 44 9.50 
Gender    

Female  
Male  

99 
(52.7%) 

89 
(47.3%) 

14.79 0 - 44 9.72 
14.79 2 – 40 9.29 

Age group    
5 – 7 years  108 

(57.4%) 
15.05 2 – 44 9.18 

8 – 11 years 63 
(33.5%) 

14.90 0 – 39 9.94 

12 – 16 years  17 
(9.0%) 

15.76 4 – 38 10.31 

Pain    
Yes  136 

(72.3%) 
16.64a* 0 – 40 9.13 

No 52 
(27.7%) 

10.94 0 – 44 9.28 

Pulpal involvement    
Yes 148 

(78.7%) 
15.82b* 0 – 40 9.36 

No  40 
(21.3%) 

12.25 0 – 44 9.59 

Anterior caries    
Yes 40 

(21.3%) 
15.30 4 – 31 7.7 

No  148 
(78.7%) 

15.00 0 – 44 9.95 

Ethnicity (n=175)    
White British background  124 

(71.0%) 
14.06 0 – 44 8.94 

Other background 51 
(29.0%) 

17.22 0 – 38 10.37 

Deprivation    
Deprivation group 1 (lowest) 64 

(34.0%) 
15.75 0 – 44 11.13 

Deprivation group 2 (middle) 61 
(32.4%) 

15.74 0 – 36 8.65 

Deprivation group 3 (highest) 63 
(33.5%) 

13.71 2 - 38 8.43 

SD=standard deviation; a*=children who reported pain had higher mean scores when 
compared to children who did not report pain (p<0.05 Mann Whitney U test); 
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b*=children who had pulpal involvement had higher mean scores when compared to 
children who did not have pulpal involvement (p<0.05 Mann Whitney U test). 

 
Table 7.9.  Proportion of children who responded positively (once or twice, 
sometimes, often, everyday or almost everyday) to items in CPQ11-14-ISF:16. 

Item Proportion (number) with impact 
(n=188) 

Food stuck 88.8% (167) 
Pain 82.4% (155) 
Taken longer to eat 64.9%(122) 
Difficult to bite foods 60.1% (113) 
Bad breath 56.9% (107) 
Sores 54.8% (103) 
Felt upset 54.3% (102) 
Feeling irritable 53.2% (100) 
Pain with hot and cold 48.9%(92) 
Felt shy 36.7% (69) 
Worried about what others think 36.2% (68) 
Argued with family 30.3% (57) 
Been asked questions 21.8% (41) 
Avoided smiling/laughing 20.2% (38) 
Been teased 18.1% (34) 
Difficulty saying words 16.0% (30) 

7.4.4 Internal	consistency,	reliability	and	construct	validity	of	measures	

CARIES-QC 
Participants (n=5) who had omitted more than two answers from CARIES-QC 
were excluded from these analyses, therefore a sample of 197 was available for 
analysis.  Cronbach’s alpha was found to be 0.9.  This did not increase if any 
items were deleted, as would be expected following the Rasch analysis.  Item 
total correlations ranged from 0.509 (food stuck) to 0.719 (eating carefully). 
 
A total of 65 participants participated in the test-retest analysis at a mean 
(range) of 29 (3–127) days.  Thirty participants reported that their condition 
had remained stable. Those participants who remained stable had similar 
characteristics at baseline to the participants at T0 (Table 7.10).  Their mean 
(range) age was 8.21 (5.61-13.72) years and 48.4% were male.  The mean 
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(range) dmft was 6.32 (1-13) and mean (range) DMFT was 0.90 (0-4).  In terms 
of clinical presentation 22.6% (n= 7) had anterior caries, 71% (n=22) had pulpal 
involvement and 67.7% (n=21) had reported pain. The ICC was 0.68, which is 
slightly lower than the desired value of 0.7 (Terwee et al., 2007). 

Table 7.10.  Characteristics at presentation for participants involved in each 
stage. 
 Baseline Test-retest Follow-up 
Mean (range ) 
age in years 

8.01 (5.01-16.02) 8.21 (5.61-13.72) 7.9 (5.33-12.56) 

Mean (range) 
dmft 

6.22 (0-16) 6.32 (1-13) 6.26 (1-12) 

Mean (range) 
DMFT 

1.6 (0-13) 0.90 (0-4) 1.09 (0-4) 

Proportion 
(number) with 
anterior caries 

20.5% (41) 22.6% (7) 19.0% (8) 

Proportion 
(number) with 
pulpal 
involvement 

80% (160) 71.0% (22) 88.1% (37) 

Proportion 
(number) who 
had reported 
pain  

72.8% (145) 67.7% (21) 76.2% (32) 

 
 
No order effect was present (p=0.732). A strong correlation was found between 
CARIES-QC total and the global question (r=0.734) (p<0.01). Weaker but 
significant (p<0.01) correlations were found between the total CARIES-QC 
score and pain (r=0.392), the total number of carious teeth (r=0.188) and with 
the presence of pulpal involvement (r=0.187). Further details are shown in 
Table 7.11. No significant correlation was found between CARIES-QC total 
score and dmft or DMFT.  Significant (p < 0.01) correlations were also found 
between CARIES-QC total score and the total CPQ11-14-ISF:16 score (r=0.733), the 
global oral health rating from CPQ11-14-ISF:16 (r=0.291) and life overall rating 
from CPQ11-14-ISF:16 (r=0.392).  Statistically significant correlations were found 
with CARIES-QC total score and all domains of CPQ11-14-ISF:16 with the highest 
correlation being between the oral symptoms (r=0.646), functional limitations 
(r=0.665) and emotional wellbeing (r=0.630) domains. 
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As data from seven participants did not fit the Rasch model, these were 
removed to ascertain if there was an effect on these estimates of reliability and 
validity.  Removing these participants’ data resulted in Cronbach’s alpha 
remaining stable at 0.9.  The ICC based on 26 participants was 0.69.  
Correlations with clinical data, global scores and CPQ11-14-ISF:16 were similar 
but no further statistically significant correlations were discovered (Table 7.11).  
It can therefore be seen that while these aberrant cases altered the correlation 
values, they did not affect the overall psychometric properties.  

CPQ11-14-ISF:16 
A total of 10 participants had not answered more than two items from  
CPQ11-14-ISF:16, however one of these had already been eliminated as they had 
also not answered more than two items from CARIES-QC, therefore a sample 
of 188 was available for analysis.  Cronbach’s alpha was found to be 0.84 and 
this was shown to increase if the item “argued with family” was removed.  
Inter-item correlations ranged from 0.248 (argued) to 0.620 (irritable).  
Correlations with clinical data are shown in Table 7.11.  There were also 
statistically significant (p<0.01) correlations with the global ratings of oral 
health (r=0.397), global rating of life overall (r=0.403) and CARIES-QC global 
question (r=0.612). 
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7.4.5 Responsiveness	

Data from 42 participants were available following a comprehensive course of 
treatment (T2).  These participants had a similar profile (Table 7.10), although 
a higher proportion had pulpal involvement at baseline to those included at 
T0.  Their mean (range) age was 7.90 (5.33-12.56) and 40.5% were male.  The 
mean (range) dmft was 6.26 (1-12) and mean (range) DMFT was 1.09 (0-4).  In 
terms of clinical presentation, 19% (n=8) had anterior caries, 88.1% (n=37) had 
pulpal involvement and 76.2% (32) had reported pain.  All but two of the 
children had no remaining carious teeth at T2.   
 
Of the children who participated at T2, 33 (78.6%) reported an improvement 
since baseline, 6 (14.3%) reported no change and 3 (7.1%) reported a 
deterioration in their oral condition.  The mean (range) raw score was 4.17 (0–
17), with six participants (14.3%) scoring the lowest possible score.  Extraction 
of teeth under GA (XGA) was the most common treatment provided (n=22, 
52.4%), followed by the provision of Hall technique PMCs (provided prior to 
the GA) in combination with XGA (n=9, 21.4%).  A total of 31 (73.8%) 
participants had some of their treatment provided under GA.  Details of the 
treatment provided are shown in Table 7.12.  The mean (range) time between 
the final treatment session and T2 and between T0 and T2 was 62.6 (0–177) 
days and 134.7 (48–261) days respectively. 
 
 Impacts were reported in relation to all items following treatment. The most 
frequently reported impact at T2 was “food stuck” (n=26, 61.9%), followed by 
“hurts”, “hard to eat some foods” and “eating carefully” (n=16, 38.1%). 
Responses of “a bit” or “a lot” to the global CARIES-QC question accounted 
for 28.6% (n=12) answers.  With the exception of the item “interfering with 
schoolwork”, the number of children who reported experience of each impact 
decreased between baseline and follow-up in those who reported an 
improvement.  For those who reported improvement, the item “annoyed” was 
associated with the largest reduction in the proportion of participants 
experiencing it between baseline and follow-up (60.6%), followed by “hurts” 
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(45.5%) and “eating on one side” (42.5%).  Comparisons with baseline data are 
shown in Table 7.13 and Table 7.14. 

Table 7.12.  Treatment provided to participants. 

Treatment provided 
Numbe

r 
Proportion 

GA extractions 21 50.0% 
Hall crowns (placed prior to GA) and GA extractions 9 21.4% 
IS extractions 3 7.1% 
Hall crowns 2 4.8% 
Hall crowns with symptomless carious primary teeth 

left to exfoliate 
2 4.8% 

LA restoration 1 2.4% 
IS extraction and restoration  1 2.4% 
IS extraction and Hall crowns 1 2.4% 
IS pulpotomy/PMC and Hall crown 1 2.4% 
Restorations and extractions under GA 1 2.4% 

GA = General anaesthetic; IS = Inhalation sedation with local anaesthesia; LA = Local 
anaesthesia. 
 
 
The mean (range) raw score for those who reported an improvement (n= 33) 
was 2.94 (0–14) compared to 6.67 (2–12) for those who reported no change and 
12.67 (9–17) for those who felt they were worse.  The mean difference in CIS 
between baseline and follow-up for those who felt they had improved was 
minus 4.46 (range=minus 12.45–plus 2.76), thus indicating a MID of 4.46 
points.  There was a statistically significant difference between the mean score 
at baseline and follow-up in those who reported an improvement (p=0.00, 
paired t-test).  A strong statistically significant correlation (p=0.01) was found 
between the global rating of change and the CIS change score (r=0.601, 
Pearson correlation).   Comparisons between the groups can be seen in Table 
7.15. 
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Table 7.13.  Number and proportion of participants responding positively 

(“a bit” or “a lot”) to each item in CARIES-QC following treatment at 

baseline and follow-up. 

Item and response Proportion (number) with 

impact at baseline (n = 197) 

Proportion (number) with 

impact at follow-up (n = 42) 

Food stuck 
A bit 
A lot 

87.8% (173) 
55.3% (109) 

32.5% (64) 

61.9% (26) 
50.0% (21) 

11.9% (5) 
Hurts 

A bit 
A lot 

68.5% (135) 
51.3% (101) 

17.3% (34) 

38.1% (16) 
35.7% (15) 

2.4% (1) 

Eating on one side 
A bit 
A lot 

62.4% (123) 
36.5% (72) 
25.9% (51) 

33.3% (14) 
16.7% (7) 
16.7% (7) 

Cried 
A bit 
A lot 

61.4% (121) 
47.7% (94) 
13.7% (27) 

31.0% (13) 
26.2% (11) 

4.8% (2) 
Annoyed 

A bit 
A lot 

59.9% (118) 
40.6% (80) 
19.3% (38) 

19.0% (8) 
16.7% (7) 
2.4% (1) 

Eating carefully 
A bit 
A lot 

56.3% (111) 
38.1% (75) 
18.3% (36) 

38.1% (16) 
31.0% (13) 

7.1% (3) 
Difficult to eat some foods 

A bit 
A lot 

56.3% (111) 
46.7% (92) 

9.6% (19) 

38.1% (16) 
35.7% (15) 

2.4% (1) 
Eating slowly 

A bit 
A lot 

44.2% (87) 
33.5% (66) 
10.7% (21) 

28.6% (12) 
19.0% (8) 

9.5% (4) 
Brushing teeth 

A bit 
A lot 

42.6% (84) 
32.0% (63) 
10.7% (21) 

19.0% (8) 
19.0% (8) 

0 

Feeling cross 
A bit 
A lot 

40.6% (80) 
28.4% (56) 
12.2% (24) 

14.3% (6) 
11.9% (5) 

2.4% (1) 
Kept awake 

A bit 
A lot 

32.5% (64) 
27.4% (54) 

5.1% (10) 

11.9% (5) 
9.5% (4) 
2.4% (1) 

Interfering with schoolwork 
A bit 
A lot 

17.3% (34) 
14.7% (29) 

2.5% (5) 

11.9% (5) 
7.1% (3) 
4.8% (2) 

Global question 
A bit 
A lot 

64.5% (127) 
49.0% (96) 
15.7% (31) 

28.6% (12) 
26.2% (11) 

2.4% (1) 
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Table 7.14.  Number and proportion of participants who reported an 

improvement responding positively (“a bit” or “a lot”) to each item 

following treatment at baseline and follow-up (n = 33). 

Item Proportion (number) with 
impact at baseline 

Proportion (number) with 
impact at follow-up 

Difference in proportion 
(number) between 

baseline and follow-up 

Food stuck 90.9% (30) 63.6% (21) 27.3% (9) 

Annoyed 72.7% (24) 12.1% (4) 60.6% (20) 

Cried 63.6% (21) 24.2% (8) 39.4% (13) 

Hurts 69.7% (23) 24.2% (8) 45.5% (15) 

Eating on one side 66.7% (22) 24.2% (8) 42.5% (14) 

Difficult to eat 
some foods 

57.6% (19) 30.3% (10) 27.3% (9) 

Eating carefully 51.5% (17) 33.3% (11) 18.2% (6) 

Brushing teeth 45.5% (15) 9.1% (3) 36.4% (12) 

Feeling cross 39.4% (13) 6.1% (2) 33.3% (11) 

Eating slowly 39.4% (13) 18.2% (6) 21.2% (7) 

Kept awake 21.2% (7) 3.0% (1) 18.2% (6) 

Interfering with 
schoolwork 

6.1% (2) 6.1% (2) 0% (0) 

Global question 62.5%   
(20/32) 

18.2% (6) 44.3% (14) 

 
 
Further analysis of those participants who reported that they had improved, 
but whose scores did not show improvement, revealed that two participants’ 
scores had stayed the same between baseline and follow-up and two 
participants’ scores had increased. The two participants who had increased 
scores, had undergone their treatment (extractions under GA) less than one 
month previously, which may account for why they were still experiencing 
impacts.   
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Table 7.15.  Mean (range) and change scores calculated using CARIES-QC 

interval scores (n=42). 

Reported 

condition at 

follow-up 

Mean (range)  

CARIES-QC interval 

score at baseline 

Mean (range) 

CARIES-QC interval 

score at follow-up 

Mean (range) change score 

All follow-
up 
participants 
(n=42) 

9.48 (2.63 – 19.96) 5.99 (0– 5.48) -3.48 (minus 12.45–4.10) 

Improved  
(n=33) 

9.33 (2.63 – 19.96) 4.87 (0–13.62) -4.46 (minus 12.45–2.76) 

Unchanged  
(n=6) 

8.32 (4.5 – 12.45) 8.74 (4.5 – 12.45) 0.42 (minus 1.52–4.10) 

Deteriorated  
(n=3) 

13.44 (11.86 -14.84) 12.86 (10.64 – 15.48) -0.58 (minus 1.22–0.64) 

  

7.5 Discussion	

The aim of this chapter was to describe how a unidimensional scale was 
derived and to evaluate this scale in terms of its reliability, validity and 
responsiveness.  The combination of modern psychometric techniques and 
classical test theory following the COSMIN guidelines have demonstrated that 
CARIES-QC has the potential to be a useful measure of the impacts 
experienced by children with dental caries. 

7.5.1 Interpretability	

Caries experience 

As expected, this population had high levels of caries experience.  The NHS 
DEP 2011/12 found that the mean dmft in 5-year-olds in Sheffield was 1.30 
and the mean dmft for Sheffield children who had caries experience was 3.62 
(Public Health England, 2012).  This is 42% lower than the mean dmft of 6.24 
for children in the present study. The mean DMFT in this study was 1.57, 
compared with 0.90 in Sheffield in the NHS DEP 2008/2009.  However, of the 
children in Sheffield who had caries experience, the mean DMFT was 2.35 
which is higher than the mean DMFT of 1.57 in this study (Rooney et al., 2010). 
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This may reflect the case-mix of children referred to a specialist service. Young 
children with extensive caries in primary teeth are often referred to specialist 
services for treatment under GA, whereas it would be expected that the 
majority of children with caries in permanent teeth would be treated within 
primary care.   

Deprivation and ethnicity 

The majority of participants (59.9%) in this study were from the most deprived 
areas in England according to national statistics (McLennan et al., 2011).  This 
is disproportionately higher than the demography of Sheffield, where around 
35% reside in the most deprived areas of England (Public Health England, 
2014e).  Around 35% of the participants were from black and ethnic minority 
groups, which slightly exceeds the figure reported for school-aged children in 
Sheffield (29%) (Public Health England, 2014a). Previous studies have shown 
that dental caries is unequally distributed with higher levels found in those 
living in deprived areas and those from ethnic minority groups (Lader et al., 
2004; Conway et al., 2007; Marcenes et al., 2013; Steele et al., 2015).  This study 
also found that children from non-white British backgrounds had significantly 
higher mean CARIES-QC scores than those who were white British despite the 
fact that there was no significant difference between their clinical status and no 
questions displaying DIF.  However, full regression analysis has not been 
undertaken and there may be other underlying factors such as social 
deprivation and the disparity of the sample sizes which may account for this 
finding.  Some studies have found that OHRQoL and HRQoL may be affected 
by ethnicity and it would be useful to explore this association in the future 
(Quittner et al., 2010; Nanayakkara et al., 2013; Kumar et al., 2014). 

Acceptability and missing values 

The acceptability of the measures appeared to be good, with very few missing 
responses and all of the questionnaires returned (Fitzpatrick et al., 1998; Fayers 
and Machin, 2006).  Acceptability was not formally assessed, although it was 
discussed with both parents and children informally where possible.  Children 
reported that they enjoyed completing CARIES-QC and parents reported that 
the child had found it easy to complete. Another measure of acceptability is 
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the time that it takes to complete.  This was not assessed in this stage as it was 
completed away from the clinic.  However, the time taken to complete was 2-5 
minutes when measured during the development stage.  Measures should be 
short and thus participants are able to be complete them relatively quickly to 
prevent fatigue.  Therefore a completion time of 2-5 minutes would be 
assumed to be acceptable for children aged 5-16 years (Matza et al., 2004). A 
final measure of acceptability is that the measure uses language which is 
familiar to the participants (Patient Reported Outcomes Measurement Group, 
Unknown).  By ensuring that the measure used the language adopted by 
children and refining this throughout the development stage, this criteria was 
fulfilled.   
 
In the case of a missing response, the majority related to entire pages being 
omitted, rather than individual questions.  It is difficult to know why pages in 
the booklet were missed, but as most participants completed the 
questionnaires while waiting for radiographs to be taken, it is speculated that 
they were interrupted whilst completing them.  One way of reducing 
participant burden and missing data is through the use of Computer Adaptive 
Testing (CAT). CAT utilises software which allows the selection of questions 
which are appropriate to the participant’s level of impact by using responses 
to the previous questions to provide a latent trait estimate (Wainer, 2000).  
While participants answer different questions, the items are calibrated, 
therefore allowing comparison between individuals (Haley et al., 2009).  The 
items are calibrated using values obtained through Rasch analysis or other 
types of IRT.  The use of this type of testing in HRQoL has shown that 
participant burden is reduced compared to the use of a static version of the 
same questionnaire (Allen et al., 2008; Coster et al., 2008; Chien et al., 2009).  
Recently, Kids-CAT, based on the generic HRQoL instrument, has shown that 
seven items were required to be administered to achieve measurement 
precision of 0.8-0.9 when compared to the static version (Devine et al., 2014).  
Thus it is possible to reduce the number of items whilst retaining the original 
measure’s precision.  As CARIES-QC has only 12 items, there may be little 
additional benefit to creating a CAT. However, future work could investigate 
this possibility.  If the creation of a CAT is not possible, provision of  
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CARIES-QC on a tablet or similar electronic device may be advantageous, to 
increase efficiency and reduce errors (Vinney et al., 2012).  This would have 
been of benefit, as some of the missing data in this study were related to 
children filling in two responses to some questions (i.e. ticking or circling 
multiple responses to the same question).  While observing children 
completing the questionnaire, there were occasions when children circled an 
option from the preceding or following question by accident, as they lost their 
place while considering their answer.  Development of the questionnaire in a 
computerised format would prevent this type of error.   
 
Although there were few missing responses in CPQ11-14-ISF:16, some parents 
reported that their children had struggled to understand the 5-point Likert 
scale.  In particular, parents of young children and those with autism and 
learning difficulties felt that the question structure and response options were 
confusing for their children.  The questions regarding “having sores” was the 
most frequently missed question.  A number of children and parents reported 
that either they did not know what this meant or found it difficult to explain to 
their children.  It would be useful in future for the response options to be 
analysed to evaluate whether there are any disordered thresholds in  
CPQ11-14-ISF-16 and whether adjacent categories could be collapsed to simplify 
the scale. 

7.5.2 Rasch	analysis	

The use of Rasch analysis produced a unidimensional set of items by removing 
items which did not fit the mathematical model.  The first of these was the 
item “tired” which showed a disordered thresholds, implying that participants 
were unable to distinguish between their teeth causing “a bit” or “ a lot” of 
tiredness.  It may be that rewording of this question and its response options 
would remedy this.  However, the aim was to produce a measure where the 
response options were consistent, to reduce participant burden and therefore 
changing the response options would be inconsistent with this approach.  
Thus, it was felt that removal of this item would be the preferred strategy as it 
had a high residual correlation (implying it was examining the same concept) 
with the item “kept awake”.    
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The items regarding dental aesthetics were shown to be a poor fit to the model.  
This perhaps was not an unexpected finding, as two separate themes emerged 
during the item generation stage.  One theme related to pain and its related 
impacts and the other theme was associated with aesthetics.  The results of the 
Rasch analysis would appear to confirm that these are indeed separate 
constructs.  The impacts related to the aesthetic impact of dental caries are not 
unimportant, however, the majority of treatment performed is to relieve or 
prevent pain and infection, not primarily to improve aesthetics.  It was also 
noted during completion of the questionnaire that many participants who had 
anterior caries, did not endorse the aesthetic items.  This may be because of the 
young age of the sample and therefore many of the children were not bothered 
by their appearance at this stage.  
 
The other item that was removed related to having to take medicine.  This was 
a question which was observed to have caused difficulty for the participants to 
complete.  In many cases they had to ask their parents if this had occurred.  It 
may be that they had been given analgesia for other conditions and were not 
able to remember why they had been given it.   
 
The resulting scale showed good unidimensionality with only a few 
participants appearing to have completed the questionnaire in an unexpected 
way.  These participants had a variety of demographic characteristics and 
clinical features and it was not clear why their answers were different to what 
was expected.  In any sample it can be anticipated that some participants will 
answer differently, but as these were only a small proportion (3.5%) of the 
overall sample, it is not cause for concern.  This is further highlighted by the 
fact that the psychometric properties were not significantly changed when 
these participants were removed from the analysis. The PSI 0.85 was within an 
acceptable range.  PSI of 0.85 indicates that the measure is suitable for use at 
the individual level, that the reliability of the fit statistics produced is high and 
that statistically the measure can discriminate between three groups (in terms 
of severity of the impact) of patients (Fisher  Jr, 1992).  
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It could be argued that using a statistical method to reduce the items in the 
measure is contrary to the inherent child-centred nature of this measure.  
However, it should be noted that Rasch analysis can be used to complement 
participant-generated information.  The use of Rasch analysis allows 
individual items to be assessed in terms of their discriminative properties and 
whether they may be redundant as they are asking a similar question to that 
asked by another item (Tennant and Conaghan, 2007).  Thus ensuring that the 
best items to examine the construct under scrutiny can be retained, and 
shortening the measure without losing important information.  This level of 
detail cannot be obtained using CTT methods such as item impact analysis 
(Tennant and Conaghan, 2007).  For example, the item regarding “difficulty 
doing schoolwork” was endorsed by few participants (17.3%), however, in the 
Rasch analysis it was shown that a participant who experienced this impact 
was one with a high level of impact and that it was associated with being 
“kept awake”.  The item “kept awake” was endorsed by less than one-third of 
children, but similarly was shown by the Rasch analysis to be a highly 
discriminative item indicating a high level of impact.  Therefore, using CTT 
these items may have been eliminated but would have reduced the breadth of 
information obtained from the children’s responses.   

7.5.3 Internal	consistency,	reliability	and	construct	validity	

CARIES-QC had a high Cronbach’s alpha of 0.9 indicating a high level of 
internal consistency.  This would be expected following the creation of a 
unidimensional scale using Rasch analysis.  The test-retest reliability 
(ICC=0.68) was a little lower than the ideal of >0.7 (Terwee et al., 2007).  There 
may be several explanations for this.  
1. Small sample size (n=30)   

Although 70 children participated in this stage of the study, only 30 stated 
that their dental condition had remained stable during this period.  This is 
unsurprising given the sporadic nature of toothache.  Many children (n=33) 
stated that their teeth already felt better at their second appointment, 
despite not having received any treatment.  On some occasions this was 
attributed to the pain they had experienced subsiding, but others felt that 
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their teeth had improved because they had been brushing them more 
frequently.     

2. Difficulty in interpretation of the question asking if their teeth felt “the same”, 
“better” or “worse” than before 
Some of the children found it difficult to answer this question.  For children 
where there had been a definite increase or decrease in symptoms, there 
appeared to be no difficulty in answering.  Whereas for those with lower 
level symptoms, it seemed difficult for them to formulate an answer.  In 
addition, it appeared that some children felt that they should say they had 
improved, as they had been trying hard to follow the preventative advice 
they had been given at their first visit.  

3. Length of time between appointments (mean 29 days) 
The length of time between appointments may have made it more difficult 
for children to recall how they had felt at their first visit.  The majority of 
dental studies have used a period of two weeks.  However, this was not 
possible in the present study due to the availability of appointments, and 
reflects a ‘real-life” clinical context.   

 
It may therefore be useful for test-retest reliability to be tested in a larger 
sample with a more consistent recall period.   
 
Both CARIES-QC and CPQ11-14-ISF:16 had a similar proportion of participants 
who reported impacts related to getting “food stuck”, “pain” and “difficulty 
eating”.  Construct validity was good with all correlations in the hypothesised 
direction.  Significant correlations were found between CARIES-QC total score 
and CPQ11-14-ISF:16 total score, CARIES-QC global score, the global oral health 
rating and global life overall rating of CPQ11-14-ISF:16, pain, pulpal involvement, 
total number of carious teeth and presence of anterior caries indicating that 
CARIES-QC is a valid measure of caries-related impacts.  

7.5.4 Comparison	of	CPQ11-14-ISF:16	with	previous	studies	

Cronbach’s alpha for CPQ11-14-ISF:16 was 0.84, which is comparable to values 
reported in the original validation study (Jokovic et al., 2006).  The mean score 
was 15.06 with a range of 0–44.  This mean score is similar to that found in 
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children with caries in New Zealand and Brazil, although the children in these 
studies were older than those in the present study (Torres et al., 2009; Foster 
Page et al., 2013b).  The mean score in the present study was higher than found 
in 5–8-year-olds in another study in New Zealand with children who had 
similar caries experience to those in this study (Foster Page et al., 2013a).  
Many of the children included in this study had been referred for treatment 
specifically because of the impacts they were experiencing and therefore this 
may account for the higher scores achieved in this population.  Correlations 
with the global rating of oral health (r=0.397) and global rating of life overall 
(r=0.403), were also similar to those found in the original validation study, 
although the correlation with oral health was slightly stronger (r=0.397 
compared with r=0.21) (Jokovic et al., 2006).  Stronger correlations were also 
found with the rating of life overall than with the global rating of oral health 
when the measure was used in New Zealand (Foster Page et al., 2008).  
However, Torres and co-workers found stronger correlations with the overall 
score and the global oral health rating (Torres et al., 2009).  In contrast a study 
in Thailand did find lower mean CPQ11-14-ISF:16 scores than in the present study 
(Gururatana et al., 2011).  However, although the children had a comparable 
caries experience in their permanent dentition to those in the present study, 
children with carious primary teeth were not included.  This may account for 
the difference in mean scores between the two studies. It appears that  
CPQ11-14-ISF:16 functioned similarly in the present study compared to previous 
studies. However, the majority of children in these studies were older and 
therefore it is not possible to draw direct comparisons. 

7.5.5 Responsiveness	

An initial analysis of responsiveness was performed with a relatively small 
sample, the majority of whom felt that their dental condition had improved.  
However, there were significant correlations with the global rating of change 
score and the CIS total score at follow-up.  In addition, the mean CIS for those 
who reported an improvement was lower than for those who did not report an 
improvement.  This would indicate, that despite the small sample size, scores 
appear to be responding in the expected direction.   
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The impact which decreased most from baseline to follow-up was “feeling 
annoyed” in those who reported an improvement.  Reduction in this 
emotional aspect is an interesting finding, as one might have expected 
functional impacts to be most improved following treatment.  This shows the 
value of including all aspects that are important to patients and not just 
focusing on functional aspects.  Large reductions were also found in the 
impacts “crying”, “hurts”, “brushing teeth”, “eating on one side” and “feeling 
cross”, demonstrating the breadth of impacts which were perceived to have 
reduced following dental treatment.  Not surprisingly, given that the majority 
of patients had teeth extracted as part of their treatment, there were lower 
reductions in some of the reported impacts relating to eating which might be 
expected following multiple extractions.  There was also a 44.3% reduction in 
the proportion of children who responded “a bit” or “a lot” to the global 
CARIES-QC question where an improvement in oral condition was reported at 
follow-up.  
 
Future studies investigating different treatment modalities may be able to 
evaluate which treatments most reduce the impacts experienced from the 
patient’s perspective. 

7.5.6 Strengths	and	limitations	

Strengths 

There was an excellent response rate with only one child declining to complete 
the questionnaire.  This study demonstrates the feasibility of administering 
questionnaires to young children in the clinical setting. Indeed, many 
participants stated that they had enjoyed completing the questionnaires and 
were excited about completing them again.  The involvement of trained 
research nurses was invaluable in the recruitment process, as this allowed 
participants to be recruited during sessions where FG was engaged in other 
activities.  As CARIES-QC is designed to be administered in English, children 
who could not understand spoken English were not included. However, the 
availability of a number of trained staff meant that where parents were unable 
to read English sufficiently, help could be given to ensure the inclusion of as 
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many children from minority ethnic groups as possible. A higher proportion 
of participants were from minority ethnic groups when compared to the 
Sheffield population, therefore it would appear that these groups had good 
representation.  However, further cross-cultural adaptation of the measure 
into different languages would aid inclusion of minority ethnic groups in 
future studies. 
 
Discussion with children when they completed the questionnaires at T1 and 
T2, allowed some insights to be gained into why children thought their teeth 
were “better”, “the same” or “worse”.  This is important for future research, as 
many children felt that their teeth had improved, despite no improvement in 
symptoms and where no treatment was provided, because they had been 
trying hard to adhere to the dietary and oral hygiene advice provided at their 
initial visit.  Therefore, as was found in this study, it may be difficult to recruit 
adequate numbers of participants who report that their dental condition is 
unchanged in order to assess test-retest reliability in this type of environment. 

Limitations 

The limitations of this part of the study were that the vast majority of 
participants were recruited from a secondary referral centre.  Only two 
children were recruited from primary care in this sample.  This was due to 
recruitment starting within primary care after the process had been established 
in the hospital environment.  Recruitment within the hospital was higher than 
expected with only one child refusing to participate. Due to waiting list 
pressures, several additional new patient clinics were available, thus 
increasing the number of potential participants within the recruitment period.  
Due to ethical constraints it was not possible to recruit further patients once 
the target had been achieved.  Additionally, recruitment in primary care 
proved challenging as there were few patients who attended who met the 
inclusion criteria.   
 
Recruitment from the secondary care environment resulted in the engagement 
of mostly younger children with high levels of untreated dental caries as this 
reflects the referral pattern to this unit.  Despite this, there were still children 
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who reported no impacts resulting from their dental caries and there was a 
wide range of scores on both CARIES-QC and CPQ11-14-ISF:16.  Therefore it is 
likely that the participants reflected the range of impacts experienced by 
children with dental caries.  However, further testing in other areas and 
settings is required to confirm its validity.  
 
Rasch analysis revealed that the participants had slightly fewer impacts than 
where the scale was centred.  However, the range of questions and 
participants was similar, indicating that the scale measures the impact of 
dental caries.  This can be expected as many children reported few impacts, 
which is consistent with clinical observations that some children report few 
impacts even when they have extensive disease.  However, further testing in 
populations with lower caries levels is required to test the suitability of the 
scale in these populations. 
 
CPQ11-14-ISF16 was not used at follow-up which does not allow the 
responsiveness of the two measures to be compared.  This is a limitation as it 
cannot be assumed that CARIES-QC is more responsive than CPQ11-14-ISF:16 
following treatment for dental caries.  The reason CPQ11-14-ISF:16 was not used 
at follow-up was twofold.  First, CPQ11-14-ISF:16 has not been shown to be  
unidimensional and therefore it was not known whether accurate change 
scores could be calculated for this measure, therefore it would not have been 
possible to directly compare the two measures in this way.  Additionally, a 
number of parents had reported that their children had not been able to 
understand or found it difficult to complete CPQ11-14-ISF:16 and that they would 
not wish to complete this a second time.  As it was not possible to directly 
compare the two measures, it was felt to be preferable to maximise retention of 
participants at follow-up by including only one measure.  Future studies with 
defined follow-up periods and treatment schedules may be able to compare 
the raw scores of the two measures in future, although it would be 
recommended that efforts were made to ensure that accurate change score 
could be calculated for CPQ11-14-ISF:16. 
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As discussed in Section 7.5.5Error! Reference source not found. only a few 
participants returned for their review visit at T2.  Attempts were made to 
enable further participants to return at this stage but many of the participants 
were not contactable.  The children who did return were representative of the 
original sample and the majority had extractions under GA.  It would be 
expected that children who had such treatments may experience reductions in 
the caries-related impacts they had previously experienced.  However, it is not 
clear whether they may then experience different impacts as a result of their 
treatment (for example, multiple extractions).  Children who had less invasive 
treatments (Hall crowns), also experienced reductions in the number of 
impacts they experienced.  Therefore it would appear that any reduction in 
impacts was not limited solely to those who had extraction of carious teeth.  It 
should be noted that these finding relate only to a small number of children 
and were only intended to give an initial assessment of whether the measure 
appeared to responding in the expected direction.  Future studies are required 
to investigate the measure’s responsiveness in a more robust fashion and in 
populations with lower levels of caries experience. 

7.5.7 Conclusions	

In conclusion, CARIES-QC proved to have acceptable psychometric properties 
and appears to be acceptable to participants. It had strong correlations with  
CPQ11-14-ISF:16 but had stronger correlations than CPQ11-14-ISF:16 with clinical 
indicators and the global ratings, indicating the value of a disease-specific 
measure of OHRQoL.  Initial testing of responsiveness was promising, but 
future studies with larger samples and more consistent treatment regimens are 
required to confirm this finding and to accurately calculate the MID.  Further 
testing in larger and more diverse populations would be beneficial as would 
the development of a computer-based or online version. 
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7.6 Publications	arising	from	the	work	presented	in	this	chapter	

Published	abstract	

• Gilchrist F, Rodd HD, Deery C, Marshman Z.  Development of  
CARIES-QC: a caries-specific measure of oral health-related quality of life.  
Accepted for presentation at IAPD, Glasgow 2015. 
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Chapter Eight	

Discussion	

8.1 Outline	

This thesis has presented three interlinked studies which contributed to the 
development of CARIES-QC, a child-centred, caries-specific measure of 
OHRQoL.  This chapter will consider the key findings, important aspects of 
the study design and the strengths and limitations of these.  This will be 
followed by discussion of the implications of the research for clinical care and 
oral health policy.  Finally, recommendations for future research will be 
proposed. 

8.2 Overview	

The narrative review described in Error! Reference source not found. 
confirmed that dental caries was a disease of public health significance.  A gap 
in the literature was identified regarding the description of the impacts of 
caries from the child’s perspective.  Various impacts had been reported 
following use of different child self-report measures of OHRQoL.  However, 
there had been no comprehensive review of the properties of these measures 
and it was often unclear whether they had been validated for the purpose for 
which they were being used.  In addition, the measures were generic and there 
was no existing caries-specific measure which would be suitable for use in 
clinical trials evaluating treatment for dental caries.  Therefore the three 
interlinked studies aimed to address these issues.  The next section will discuss 
the key findings from each part of the study. 
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8.3 Key	findings	

The aim of this research was to develop a child-centred caries-specific measure 
of OHRQoL which has been achieved by fulfilling the following objectives: 
1. Perform a review of the most commonly used self-report measures of OHRQoL for 

children against existing criteria, to assess strengths and weaknesses which will 
aid the development of the new measure.   
This objective was met by performing the systematic review of child self-
report measures of OHRQoL in Chapter 5.  This study identified 
deficiencies in the development and evaluation of existing measures of 
OHRQoL. The COSMIN checklist was found to be a useful tool and was 
used as a framework to develop CARIES-QC.  In addition, Rasch analysis 
was chosen to ensure that CARIES-QC had been evaluated using modern 
psychometric techniques, which was lacking in the evaluation of existing 
measures. 
 

2. Explore, through qualitative methods, the impacts of dental caries on children.   
This objective was met in the item generation stage described in Chapter 6.  
Children described a wide variety of impacts, principally related to pain. 
The impacts discovered during this exploration were used to develop a 
caries-specific measure of OHRQoL, which used the language and 
descriptions adopted by children themselves. 

 
3. Involve children in the design and content of the measure to ensure that it is 

meaningful and relevant to them.  This objective was met by involving 
children throughout the questionnaire development process and making 
changes to the structure and wording of the measure following their 
suggestions.  
 

4. Test the measure for validity, reliability and responsiveness using modern 
psychometric techniques and existing criteria.  
This objective was fulfilled by using the COSMIN checklist as the 
framework to validate the measure and Rasch analysis to produce a 
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measure which is unidimensional and free of DIF.  CARIES-QC was found 
to be valid, reliable and responsive. 

 
Further details of the key findings for each part of the study will now be 
discussed. 

8.3.1 Systematic	review	

The systematic review used criteria proposed by Locker and Allen (2007) and 
the COSMIN initiative to assess the three most commonly used self-report 
measures of OHRQoL for children (Terwee et al., 2007; Mokkink et al., 2010a).  
These measures had been widely used, but there had been little critical 
evaluation of them and no refinement of the measures in their original 
language. 
 
This is the first study to evaluate OHRQoL measures using the COSMIN 
checklist.  The COSMIN initiative recommends that the checklist is used in the 
development of measures and in systematic reviews of health measurement 
instruments to standardise reporting of measurement properties (Mokkink et 
al., 2010a). The COSMIN checklist has been used successfully in systematic 
reviews of other health measurement instruments (Schellingerhout et al., 2012; 
Chow et al., 2013; Park et al., 2013; Pusic et al., 2013; Weldam et al., 2013; 
Haywood et al., 2014). In the present study, the COSMIN checklist, in 
combination with the measurement property quality criteria, allowed the 
psychometric properties of the three measures to be objectively assessed.  In 
addition, the evidence for each measure could be synthesised allowing the 
strength and weaknesses of each to be identified (Table 5.3).   
 
Both the COSMIN checklist and the measurement criteria had high intra- and 
inter-examiner reproducibility (weighted Kappa >0.9) in the present study.  
The level of agreement between reviewers was higher than has been reported 
elsewhere (Mokkink et al., 2010b).  This may be due to the limited number of 
reviewers involved (FG and ZM) and the use of a training and calibration 
exercise prior to the start of the study as recommended by Mokkink and co-
workers (2010b).  As the COSMIN checklist and quality criteria proved useful 
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tools, it was decided to use them as a framework for the development of the 
new measure, thereby ensuring that the psychometric properties were 
adequately evaluated.  
 
The majority of studies in the review reported cross-sectional studies in 
various populations and the three included measures had been translated into 
several different languages. The review found that it was difficult to compare 
studies due to omissions in the data presented and the variety of non-
validated versions of the measures which were used.  In particular, there were 
omissions relating to: the proportion of missing items and how these were 
handled; how the scores for different subgroups were presented, and the 
prevalence of the condition under scrutiny.   In addition, some of the measures 
had been used longitudinally, without being validated for this purpose.  
 
The measures included in the systematic review were all developed prior to 
the existence of the criteria used to assess them, which may account for some 
of the deficiencies identified.  There was a lack of involvement of children in 
the early stages of development of the measures which may affect their face 
and content validity.  Only one study was identified which had evaluated face 
and content validity and this found that children with malocclusion in the UK 
found some of the questions in CPQ11-14-ISF:16 irrelevant and the response 
format was not based on how they would describe the impacts of malocclusion 
(Marshman et al., 2010). Further evaluation of face and content validity of 
these measures is required to ensure that they are relevant to the populations 
in which they are used.  Furthermore, modern psychometric techniques were 
seldom used to confirm the unidimensionality of the scales.  Techniques such 
as Rasch analysis are able to estimate this and provide information enabling 
evaluation of the suitability of the response format. However, despite these 
deficiencies the majority of measurement properties were adequate and 
therefore there is value in using existing measures in appropriate populations.  
The availability of more modern psychometric techniques does offer scope for 
these to be further refined to improve their measurement properties.  
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8.3.2 Development	of	the	measure	

Children were capable and willing to discuss the impacts they had 
experienced.  Previous studies have found that young children are able to 
report on aspects related to their general health (Otley et al., 2002; Young et al., 
2004; Detmar et al., 2006; Morris et al., 2007; Carlton, 2013b).  Not surprisingly, 
the overarching theme identified was related to pain.  However, there were 
many impacts which were related to pain and children discussed mechanisms 
that they used to avoid pain, such as altering their eating patterns and 
avoiding certain foods.  It became obvious during the testing of the resultant 
measure that parents often were not aware of some of these difficulties that 
children reported, reinforcing the importance of directly seeking children’s 
views rather than relying on parental reports.  Long-term avoidance of certain 
foods may have other general health effects in growing children, such as have 
been reported elsewhere (Acs et al., 1999; Clarke et al., 2006; Monse et al., 2012; 
Schroth et al., 2013).  Children generally discussed the impacts they had 
experienced in terms of their severity, rather than the frequency with which 
they occurred.  This is an important finding as some of the existing measures 
of OHRQoL (CPQ and COHIP) rely on a frequency-based response format 
which does not appear to reflect how children describe the impacts they 
experience.  However, severity-based response formats have been used by 
others who have utilised children’s terminology to develop response formats 
(Stevens, 2009; Carlton, 2013a). 
 
Conducting the analysis of face and content validity gave an insight into how 
children read and answer questions. The analysis of face validity was essential 
as it revealed problems with the way some of the questions were worded.  In 
particular, children’s perception of their oral health was interesting, as it 
appeared to have little to do with the condition of their teeth or the symptoms 
they had experienced.  This is an important finding, as it may explain why 
previous studies have found relatively low correlations with global oral health 
ratings and total CPQ scores in children with caries (Jokovic et al., 2002; 
Jokovic et al., 2004; Robinson et al., 2005; Goursand et al., 2008; Aguilar-Diaz 
and Irigoyen-Camacho, 2011; Gururatana et al., 2011; Kolawole et al., 2011).  In 
the present study there was a strong (r = 0.734) correlation between the global 
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oral health rating in CARIES-QC and the total CARIES-QC score.  This 
strength of correlation between CARIES-QC total score and the global oral 
health question in CPQ11-14-ISF:16 was not seen, demonstrating that although 
they both seek to address the same construct, they do not appear to ask the 
same question.  
 
Recruitment to the interview stage was challenging and there was a low 
response rate (27%).  There may be a number of reasons for this including: 
families forgetting to post reply slips due to the amount of information 
received at their initial dental appointment; family commitments including 
extracurricular activities and parent work schedules or that some families 
would prefer not to have a researcher visit their home.  Families were offered a 
choice of venue, however, as many of the children did not have follow-up 
appointments at the hospital, this option was unlikely to be popular as it 
would have required time to be taken off school and for the family to travel to 
the hospital.  The addition of a telephone call to follow-up the invitation, did 
result in an increased response rate, indicating that this method is likely to 
result in increased recruitment when compared to simply supplying a reply 
slip.  The recruitment rate for this part of the study is similar to other 
qualitative studies which have been carried out in Sheffield with children 
requiring tooth extraction under GA and with children with cleft lip and 
palate (Hall et al., 2012; Rodd et al., 2013). Despite these difficulties, children 
from different ethnicities, socioeconomic status and clinical presentations were 
recruited.  These difficulties were not encountered in the other parts of this 
stage of the investigation, the majority of which took place during routine 
clinic visits, thus reducing the burden for the participants and their families. 

8.3.3 Ethical	considerations	

Conducting qualitative studies such as these with children requires 
consideration of a number of ethical issues, such as power imbalance, assent, 
confidentiality, as discussed in Section 4.3.  Efforts were made to reduce the 
power imbalance by ensuring that interviews took place where children were 
comfortable and emphasising that they could stop the interview at any time.  
The interviewer (FG) is a paediatric dentist, and therefore has a wealth of 
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experience in assessing children’s body language and adapting to it.  This 
experience was used to assess if children were showing signs of distress or if 
they wanted to stop the process but did not verbally express this.  None of the 
children showed any distress, but observation of their body language or 
changes in the way they answered questions did allow the interviewer to 
change the subject if they appeared to be becoming bored with a particular line 
of enquiry or to close the interview if they were becoming fatigued.  Children 
were asked to give their assent to participate in the focus groups and 
interviews following discussion with the interviewer.  No safeguarding 
concerns were raised in any of the interviews, however, normal procedures 
would have been followed if any had arisen. To reduce preconceptions of the 
child’s dental condition and allow the children’s reports to be taken at face 
value, the case-notes were not examined by FG until after data analysis had 
taken place. Steps were taken to ensure the interviewer’s safety, however, the 
interviewer was made to feel very welcome in each of the homes that were 
visited and no personal safety issues arose. 

8.3.4 Evaluation	of	CARIES-QC	

Children as young as five years of age were able to complete the 
questionnaires, with their parents or one of the research team helping them to 
read the questions. This concurs with previous observations that five-year-old 
children are able to reliably report their HRQoL given the opportunity to do so 
using an age-appropriate instrument (Varni et al., 2007).  
 
The children who participated in the evaluation stage of the study had higher 
caries experience, than those reported for the general population in Sheffield 
(Public Health England, 2012), which was to be expected from a secondary 
care case mix.  However, the same trend was not seen for the caries experience 
of children in the permanent dentition.  This may be because young children 
are more likely to be referred for treatment of caries under GA, while older 
children may be more able to accept treatment in primary care.    
 
This study found that children from ethnic minority groups had higher mean 
CARIES-QC total scores than their white-British counterparts, despite their 



 210 

being no significant difference in their caries experience.  While it is not 
possible to draw any conclusions from these data, others have found similar 
findings using child self-report measures (Meeske et al., 2007; Wallander et al., 
2012).  However, Wallander and Colleagues (2012) reported that when family 
context and socioeconomic status were controlled these differences were 
reduced, concurring with the view that investigating ethnicity alone may fail 
to consider the relevance of social class and low income as contributing factors 
(Bedi and Uppal, 1995; Watt and Sheiham, 1999).   
 
Construct validity was tested using correlations with the total CARIES-QC 
score and clinical data, the global rating of CARIES-QC and CPQ11-14-ISF:16 total 
score.  CARIES-QC had stronger correlations with clinical data than  
CPQ11-14-ISF:16 indicating that it may be more sensitive to assessing those 
impacts specifically associated with dental caries.  CPQ11-14-ISF:16 was designed 
to be generic and be able to evaluate the impacts of a variety of oral conditions, 
thus it may be that some of the included items it contains are irrelevant to 
children with caries.   
 
Rasch analysis allowed a unidimensional measure to be produced and 
identified questions which did not fit the mathematical model.  Indeed, the 
question relating to taking medicine, was one which many children seemed to 
seek confirmation from their parents. Children appeared to be unsure if they 
had taken medicine for problems with their teeth and it may be that children 
are often given analgesia for other problems and therefore cannot remember 
why they were given it. This question was subsequently removed following 
Rasch analysis, as it had poor fit statistics, indicating that indeed, it did not 
work as intended.   
 
A three-point Likert scale was adopted as the response format for CARIES-QC. 
This was chosen as others have suggested that young children tend to choose 
extremes and other measures for young children have also used a three-point 
scale (Varni et al., 2001; Carlton, 2013c). Furthermore, young children have 
also expressed a preference for three-point scales, while older children prefer 
more options (Detmar et al., 2006).  With the exception of one question 
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(“feeling tired”), Rasch analysis demonstrated that children were able to 
distinguish between the three different response options.  It was also in 
keeping with the ethos to minimise participant burden and to allow children 
with low literacy levels to participate.  There is some debate about the number 
of response options which should be used, with some suggesting sensitivity 
increases with increasing number of options, whilst others argue that 
reliability is increased with fewer response options (Weng, 2004).  It has been 
found that the number of response options may have less of an effect where 
the items are homogenous, such as in a unidimensional scale (Weng, 2004). 
Despite the use of a three-point scale, CARIES-QC was able to differentiate 
between participants with differing clinical presentations and to evaluate 
changes following treatment.     
 
Thirty-three of the 42 participants who completed CARIES-QC at follow-up 
felt that their oral condition had improved following their treatment, with only 
three feeling it had got worse. There was a large reduction in some of the 
impacts experienced following treatment (in those who felt there had been an 
improvement), notably those relating related to pain and emotions. 

8.4 Strengths	

8.4.1 Systematic	review	

This is the first study to report a comprehensive review of child self-report 
measures of OHRQoL against existing criteria. The original versions of the 
measures were found to have some limitations, as discussed in Section 8.3.1.  
The majority of measurement properties were found to be adequate, although 
refinement of these measures using modern psychometric techniques is 
recommended. The present study demonstrated the feasibility of using the 
COSMIN checklist and quality criteria and recommends its use as a 
framework for reporting future development or validation studies to ensure 
consistency. 

 	



 212 

8.4.2 Development	

This is the first study to investigate the impacts of dental caries from the 
child’s perspective using the theoretical framework of the new sociology of 
childhood.  Children as young as five years were able to describe the impacts 
they had experienced.  While younger children provided less descriptive 
answers than their older counterparts, it was clear that they were capable of 
discussing the impacts they had encountered.   
 
Children were involved throughout the development process and their views 
were taken on board and modifications made based on their suggestions.  
Although this study was designed by adults, children’s involvement could be 
classified as lying somewhere between “Assigned but informed” and 
“Consulted and informed” on Hart’s Ladder of Involvement (Table 4.1) as 
children’s views were acknowledged at all points (Hart, 1992).  However, the 
level of understanding of their overall contribution will have varied 
depending on age and developmental stage, with some of the older children 
being more able to understand how their views were being used to design and 
alter the questionnaire.  At the conclusion of data collection, all children who 
participated will be sent a report detailing the findings and how each stage of 
the investigation contributed to the final measure.  It is hoped that this report 
will aid their understanding of how their views influenced the development of 
the measure. 
 
During the design process, children were seen to put a great effort into reading 
every word in a statement and hence it became obvious that the number of 
words should be kept to a minimum to reduce participant burden and to allow 
those with low literacy levels to participate.  This approach was used 
throughout the study to maximise children’s involvement.  Previous studies 
have used an item reduction questionnaire, to choose the final item pool 
(Juniper, 1997a; Jokovic et al., 2002).  However, in the present study the 
method was simplified by allowing children to choose cards with the impacts 
they had experienced and then choosing which of these had most bothered 
them or had occurred most frequently.  This method was chosen as it was felt 
that it would allow children with different reading abilities and whose first 
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language was not English to participate.  A similar strategy was employed 
during item reduction of the Canadian Hemophilia Outcomes-Kids Life 
Assessment Tool (Young et al., 2004). 

8.4.3 Evaluation	

Recruitment to the evaluation stage of the investigation was excellent and an 
adequate sample size was obtained to perform an initial evaluation of 
CARIES-QC.  Children were enthusiastic participants and many reported 
enjoying completing the questionnaire, indeed some felt sad that they could 
not complete it at each visit.  There were very few isolated missing responses 
in CARIES-QC, suggesting that the children who completed it understood the 
questions and the response format.  A higher proportion of isolated missing 
responses was found in CPQ11-14-ISF:16, which concurred with some parents’ 
admittance that their children had found it difficult to understand the 
response format of this measure.  In addition, parents whose first language 
was not English, also required help to read and explain CPQ11-14-ISF:16 to their 
children. 
 
This is the first study to use Rasch analysis to develop a measure of OHRQoL 
for children.  This technique showed that the two items related to aesthetics 
(“being able to see holes” and “front teeth looking brown or black”) did not fit 
the mathematical model.  This finding concurred with that of the qualitative 
part of the study, where two themes (pain and aesthetics) were identified.  The 
use of Rasch analysis also demonstrated that the response format did not seem 
to work for the item “tired” although there were clear boundaries between the 
thresholds for each of the other items. Use of Rasch analysis has produced a 
unidimensional scale which is free from DIF.  The production of an interval 
scale means that change scores can be accurately calculated if CARIES-QC is 
used in future clinical trials. 
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8.5 Limitations	

8.5.1 Systematic	review	

The systematic review included articles which had used CPQ, COHIP or C-
OIDP as these were the most commonly used self-report measures.  Only 
studies which were published in English were included, therefore some 
relevant studies may have been excluded.  However, two of the three 
measures (CPQ and COHIP) were developed in English.  Therefore, as the 
quality criteria and COSMIN checklist were only applied to the original 
versions of the measure, it is unlikely that studies reporting validation of the 
original versions of these measures were omitted.  Since the systematic review 
was performed, SOHO-5 has been used more frequently, however, the 
majority of published studies have used the Brazilian version of this measure 
and therefore would not have been included in the analysis using the 
COSMIN checklist and the quality criteria (Abanto et al., 2013b; Abanto et al., 
2013a).  The COSMIN checklist was developed after the included measures 
were developed and therefore it is not surprising that the included measures 
may not have met all the criteria, in what is a rapidly developing field.  The 
aim was not to criticise the existing measures, as they were developed with the 
best techniques available at the time, but rather to assess objectively their 
deficiencies.  This will allow these measures to be refined in future and the 
critique provides information regarding their limitations.  Using up-to-date 
criteria also informed the development of CARIES-QC to ensure that it was 
developed robustly using modern techniques. 

8.5.2 Development	of	the	measure	

Recruitment to the in-depth interviews was difficult, but as the children were 
purposively sampled to include a range of ethnicities and clinical 
presentations this did not result in under-representation of specific groups.  
However, it should be noted that the group who participated were self-
selecting and therefore the experiences of those who did not participate may 
differ.  In addition, as only English speaking families could be recruited to this 
stage, the views of children with parents who did not speak English were not 
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included. This group is likely to have included families of recent immigrants, 
such as families of Roma descent (an increasing population in Sheffield), who 
may have high levels of dental caries (Sheffield City Council, 2012). Although 
the interviews and focus groups did not include any Roma children, they were 
included in the other stages of the investigation where informed consent could 
be obtained from their parents.   
 
This stage of the investigation aimed to retain the language children used in 
the resultant measure.  Therefore, while the measure reflects the language 
children use in Sheffield, it remains to be seen whether this language is 
appropriate outwith this geographical location.  Attempts were made to 
ensure local colloquialisms were not included and certainly it would appear 
that the language the children used to describe pain was similar to that found 
throughout the UK and in the US (Mills, 1989; Stanford et al., 2005; Franck et 
al., 2010).  The CHU9D, which was also developed in Sheffield, incorporates 
similar words in its response format and has been used successfully in other 
parts of the UK and in Australia and New Zealand (Stevens and Ratcliffe, 
2012; Canaway and Frew, 2013; Page et al., 2014).  Therefore it is hoped that 
CARIES-QC would also be understood elsewhere, however, testing in other 
populations is required to evaluate its properties in other English speaking 
countries.    
 
CARIES-QC is designed to be used with children over the age range of 5-16 
years, as the impacts that children described were similar regardless of age.  It 
had initially been hypothesised that at least two versions would be required to 
cover the wide age range, but as the impacts were similar it was decided to 
have one measure allowing it to be used longitudinally in trials.  The items 
were worded using the language used by the youngest children to ensure that 
it could be understood by all.  The design stage included a range of children 
aged 6-15 years, who commented on the wording and layout.  The oldest 
children did not feel that the language or layout was too “babyish” and the 
youngest children were able to read the questions and understood the 
response format.  These opinions were reiterated during the testing of face and 
content validity.  Indeed, there were some 14-16-year-olds who found reading 
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the items challenging during those stages.  Further qualitative enquiry with 
children in the permanent dentition is required to assess whether the aesthetic 
items would be useful addition as this may be something which is more 
important to children in this age group.   

8.5.3 Evaluation	of	CARIES-QC	

CARIES-QC had good construct validity and unidimensionality in this 
population.  However, it is acknowledged that only two children were 
recruited from primary care, and the participants had a high caries prevalence 
and extensive disease.  Although the majority of participants had extensive 
disease (80% had pulpal involvement), a number reported that they had not 
experienced pain and few other impacts.  It should be noted that the findings 
may be different in a population with less extensive disease.  Children with 
lower levels of caries may have very low scores on CARIES-QC and therefore 
it may be difficult to detect differences following less invasive treatment 
modalities.  Therefore, it would be useful for the measure to be tested in 
populations with lower levels and less extensive disease to confirm its validity, 
reliability and responsiveness in those populations.  However, it should be 
recognised that the measure was primarily designed to evaluate change in 
those who require interventions for dental caries and not to discriminate 
between children with different levels of disease.  Therefore, it is likely that 
those who require treatment, will have some impacts which may improve 
following an intervention. 
 
The ICC for test-retest reliability was slightly lower than ideal, and this may be 
due to the length of time between the two administrations of the measure, the 
low number of children who felt that their oral condition had remained stable 
or the fact that use of a three-point response scale may reduce test-retest 
reliability (Weng, 2004).  Testing of this element in a larger population with a 
shorter and more consistent time period between administrations is required.  
Responsiveness was only tested in a very small proportion of the participants 
(n=42) to give an indication of whether it responded as expected. However, 
the initial results are promising with those who felt they had improved having 
lower mean scores than those who did not report an improvement.  An 
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estimation of the MID was made for this population, however, additional 
testing in a larger population is required to further test the responsiveness of 
the measure. Larger populations would also allow the calculation of effect 
sizes and the standardised response mean, which would aid the clinical 
interpretation and calculation of future sample sizes (Guyatt et al., 1987a).  
 
The following sections will discuss the implications of the research for clinical 
care, policy and future research. 

8.6 Implications	for	clinical	care	

The findings in these studies have several implications for clinical care of 
children with caries.  Firstly, understanding the language children use can 
help clinicians to ask better questions when taking histories from children.  For 
example, there may be little point in asking if a child has had toothache, as the 
results of the qualitative study demonstrated that many young children do not 
know or use this term.  The most commonly used word to describe pain, was 
“hurts” and so adopting this terminology may help children to express their 
experiences.  Whilst others have reported that children may be able to choose a 
number of different words from a list to describe pain (Wilkie et al., 1990), in 
this study some of the children used terms such as “prodding” to describe the 
pain, whilst others just described it as “hurting”.  As the aim was not to 
produce a pain measure, the word “hurts” was chosen for CARIES-QC, rather 
than attempting to describe the quality of the pain.  In addition, some children 
did not report pain, but had experienced other impacts of which their parents 
were not always aware.  Discussing aspects such as difficulties eating may 
help clinicians to more accurately assess a child’s need for treatment, as while 
they might not report pain, caries may be having other effects on their daily 
lives, which may improve following treatment.  In addition, the routine use of 
CARIES-QC in the clinical environment may help clinicians better understand 
the impacts that young children are experiencing, allowing treatment to be 
tailored to reducing these. 
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Secondly, participants reported an overall reduction in impacts following 
treatment and the majority of children reported that they felt the condition of 
their teeth had improved following treatment.  Although this was finding was 
in a limited sample, it does demonstrate the benefit of treating dental caries.  
Others have cast doubt upon the benefit of treatment for dental caries in the 
primary dentition when analysing only pain as an outcome (Levine et al., 2002; 
Tickle et al., 2002). Impacts on eating improved less than other impacts, which 
is not surprising given the large number who had tooth extractions as part of 
their treatment.  While extraction of some teeth may be the only feasible option 
due to the extent of the disease, future studies may be able to ascertain which 
treatments reduce impacts most from the child’s perspective. 

8.7 Implications	for	policy	

The results of this investigation clearly show that caries has multiple effects on 
children’s lives, which appear to improve following treatment. Children’s oral 
health should be a national priority and policies developed to help prevent 
development of this disease, to minimise the impacts experienced by children.  
Caries shares common risk factors with obesity and Type II diabetes, therefore 
public policy should adopt a common risk factor approach to reducing the 
incidence of these conditions, which is more cost-effective than disease-specific 
approaches (Sheiham and Watt, 2000). Indeed, the WHO has issued guidance 
recommending the reduction of free sugars to below 10% of total energy 
intake, due to the association of free sugar intake and non-communicable 
diseases, such as dental caries, diabetes and obesity (World Health 
Organization, 2015a).  The majority of the children in the evaluation study 
lived in the most deprived areas, according to the IMD score. Population-
based interventions, including school toothbrushing and fluoride varnish 
schemes, such as Childsmile have been shown to reduce the effect of social 
inequalities on the prevalence of caries and should be given further 
consideration in England (McMahon et al., 2011). 
 
The new prototype dental contracts in England have a focus on prevention 
with remuneration for this activity (Department of Health, 2015).  It is essential 
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that any dental contract reform adequately remunerates general dental 
practitioners for providing preventive interventions and allows them to 
perform clinically effective treatments for their patients.  The evaluation study 
showed that 80% of children who participated had caries which extended to 
the pulp. Earlier treatment with non-invasive techniques such as the Hall 
technique, may have arrested the progression of caries and prevented many of 
the impacts the children had suffered.  In addition, commissioners must 
ensure that families can access appropriate dental services, as this study shows 
that young children in particular may require specialist services for treatment 
under general anaesthesia.  There were reductions in the majority of impacts 
following treatment, however, this reduction was less apparent for impacts 
related to eating, which is not surprising given that most of the children had 
undergone tooth extraction.  Future studies are required to identify which 
treatments are associated with the most positive outcomes, but perhaps 
restoration of teeth would improve impacts associated with eating when 
compared to tooth extraction. 
 
Part of the new prototype dental contract aims to develop PROMs and Patient-
reported Experience Measures (PREMs) (Department of Health, 2015).  
CARIES-QC could be considered for inclusion in these new contract 
monitoring arrangements. However, if not found to be suitable, this study 
demonstrates that young children are competent in discussing their conditions 
and should be involved in the development of any future PROMs or PREMs 
for this purpose.  

8.8 Implications	for	future	research	

This study has produced a valid caries-specific measure of OHRQoL.  
CARIES-QC had higher correlations with clinical data and global ratings of 
oral health than CPQ11-14-ISF:16 indicating the potential benefits of using a 
disease-specific measure in studies investigating the effectiveness of 
interventions for dental caries.   Future studies investigating the effect of 
different interventions for caries in children would benefit from the inclusion 
of CARIES-QC to assess effectiveness from the child’s perspective. Further 
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testing of CARIES-QC in large populations would allow responsiveness and 
test-retest reliability to be assessed and would permit calculation of the MID, 
effect sizes and the standardised response mean which would aid future 
sample size calculation.  
 
There are limitations to using only a disease-specific measure in clinical trials, 
as this means that any reductions in impact cannot be compared with 
reductions seen in other conditions.  The limitations of this can be mitigated by 
also including a generic measure or a health utility measure which allows 
comparison with other conditions.  However, as funding for dentistry in the 
UK is separate from that of general health conditions, the use of a disease-
specific measure would provide valuable information to commissioners 
regarding which dental treatments to support. 
 
Whilst using CARIES-QC may provide information regarding the effectiveness 
of different interventions from the child’s perspective, it does not allow 
economic evaluation to be performed.  Preference-based measures (PBMs) of 
HRQoL, such as the CHU9D, permit cost utility analysis to be performed by 
producing a single summary measure, usually the quality adjusted life year 
(QALY) (Stevens, 2010).  The QALY can then be used to assess the cost-
effectiveness of different interventions. To date, one study has investigated the 
use of CHU9D as an outcome measure for child dental health (Page et al., 
2014).  Although CHU9D showed promise, it was less sensitive to caries as a 
variable than CPQ11-14-ISF:16.  The development of a condition-specific 
preference-based measure based on CARIES-QC may be more sensitive to 
changes associated with caries than a generic health measure such as CHU9D. 
Condition-specific PBMs have been successfully developed from existing 
HRQoL measures (Brazier et al., 2008; Yang et al., 2011).  It has been reported 
that condition-specific PBMs may not be comparable with their generic 
counterparts, as they may not be sensitive to side-effects which are not covered 
by the condition-specific measure due to the narrow focus (Versteegh et al., 
2012).  However, this is less relevant for caries-related interventions which are 
less likely to have side-effects outwith the oral cavity, when compared with 
drug interventions.  
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Researchers using existing measures of OHRQoL should be aware of their 
deficiencies and ensure that they are used for the purposes for which they 
were developed and validated. As yet, they have not been validated 
appropriately to assess their evaluative properties and therefore caution 
should be used when interpreting change scores, especially as their 
unidimensionality has not been confirmed.   In addition, correlations with 
CPQ total scores and the CPQ global ratings of oral health should be 
interpreted with caution, as it appears that children may not rate their oral 
health based on the condition of their teeth, but rather on broader aspects of 
general health.  This may have implications for the construct validity of this 
measure. 
 
In conclusion, the studies contained within this thesis have added knowledge 
about the impact of caries on children’s everyday lives.  Additionally they 
have also demonstrated that children are able to discuss the impact of caries 
and contribute to the development of a measure to investigate this.  The 
resultant measure, CARIES-QC, has been evaluated using a mixture of 
qualitative and quantitative methods using the criteria suggested in the 
COSMIN checklist and been found to be valid and reliable.  The use of Rasch 
analysis has ensured that CARIES-QC is unidimensional and can accurately be 
used to evaluate change.  Future studies are required to further evaluate its 
responsiveness. 
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Chapter Nine	

Conclusions	and	recommendations	

The studies presented within this thesis aimed to produce a child-centred 
caries-specific measure of OHRQoL.  The objectives were to: 
1. Perform a review of the most commonly used self-report measures of 

OHRQoL for children against existing criteria, to assess strengths and 
weaknesses which will aid the development of the new measure 

2. Explore, through qualitative methods, the impacts of dental caries on 
children 

3. Involve children in the design and content of the measure to ensure that it 
is meaningful and relevant to them 

4. Test the measure for validity, reliability and responsiveness using modern 
psychometric techniques and existing criteria 

These objectives were fulfilled in the three interlinked studies using a variety 
of novel methods.  The research presented in this thesis provides additional 
knowledge regarding existing self-report measures of OHRQoL, the impact of 
caries on children’s everyday lives and their ability to report these.  The main 
outcome of these studies is CARIES-QC, a caries-specific measure of OHRQoL 
for children which was developed using child-centred methodologies.  This 
chapter summarises the findings and recommendations arising from the 
studies. 

9.1 Summary	of	findings	

• Studies which used existing child self-report measures of OHRQoL were 
difficult to compare as vital information affecting their generalisability and 
interpretability were omitted. 
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• Existing child self-report measures of OHRQoL involved children only at 
the latter stages of their development which may compromise their face 
and content validity.  The use of modern psychometric techniques to 
develop and validate these measures was lacking. 

• The COSMIN checklist and measurement quality criteria proposed by 
Terwee and co-workers (2007) proved a useful and reliable tool to 
objectively review the quality of studies reporting validation of the 
measures and their associated measurement properties. 

• Children reported a number of impacts of dental caries.  These were mainly 
related to the pain they experienced and its associated effects.  Children 
also discussed how they adapted their eating habits to minimise the pain 
they experienced.   

• Children mainly discussed the impacts they experienced in terms of their 
severity rather than their frequency.  

• Involving children in the design and face and content validity of the 
measure ensured that the response format made sense to them and that 
questions were worded appropriately. 

• The use of Rasch analysis allowed items which did not fit the model to be 
removed and demonstrated that the response format was being used as 
expected.  The resultant 12-item measure is unidimensional and free of 
DIF.  The conversion to an interval scale allows accurate calculation of 
change scores. 

• CARIES-QC has good construct validity and significant correlations were 
found with global ratings of change which indicate it can be used to 
evaluate change. 

• The majority of children reported improvement following treatment.  
Reduction was greatest for emotional impacts and pain.  Impacts on eating 
were reduced but to a lesser extent.  Potential reasons for this were 
discussed. 
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9.2 Recommendations	for	clinical	care	

• Clinicians may be better able to understand the impacts children 
experience by using the terminology that children use.  For example, some 
children in this study were not aware of the term “toothache”. 

• Pain should not be the only symptom assessed, as it is clear that other 
impacts may be present even when children do not report pain.  Treatment 
may reduce these other impacts, therefore treatment should not be 
restricted to only those in pain. 

• Children generally reported an improvement in their oral condition 
following treatment, indicating the benefits of treating dental caries in both 
primary and permanent teeth.  Future research may be able to determine 
which treatments are most effective at reducing impacts. 

9.3 Implications	for	policy	

• It is clear that caries has multiple impacts on children’s lives.  Prevention of 
caries using a common risk factor approach may be an appropriate way to 
reduce these impacts. 

• The majority of children in the evaluation study came from the most 
deprived areas of England.  Population-based prevention schemes may 
help to reduce social inequalities associated with dental caries. 

• PROMs and PREMs need to be used in general dental practice.   
CARIES-QC should be considered for inclusion but if it is not found to be 
suitable, then children should be included in the development of these to 
ensure that they are relevant to young patients. 

9.4 Recommendations	for	future	research	

• Future clinical trials investigating interventions for dental caries should 
include CARIES-QC to assess the effectiveness from the child’s perspective 
and also permit further analysis of the measure’s responsiveness. 

• Consideration should be given to the conversion of CARIES-QC into a 
condition-specific PBM to allow cost-utility analysis of different 
interventions. 
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• Future studies reporting the results of studies using OHRQoL should 
ensure that information allowing them to be interpreted and generalised is 
included. 

• Refinement of existing measures using Rasch analysis may result in 
improvement of their measurement properties and allow shorter versions 
to be developed. 

• Future qualitative enquiry of the impacts of other dental conditions may 
promote greater understanding of what the important issues are for 
children. 

 
In conclusion, the studies within this thesis have demonstrated the wide-
reaching impact of caries on children’s lives and have allowed the 
development of a valid child-centred caries-specific measure.  Future studies 
are required to evaluate which interventions for dental caries are most 
effective from the child’s perspective. 
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The	COSMIN	checklist	with	4-point	

scale6	
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Appendix	B	

Studies	which	used	a	version	of	the	

Child	Perceptions	Questionnaire	
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

A
gou

a (A
gou et 

al., 2008) 
2008 

C
PQ

11-14  
 

English 
C

anada 
C

linical 
3-73 

 
Low

 socioeconom
ic status = 

28.4  
H

igh socioeconom
ic status = 

19.4 
A

gou
a (A

gou et 
al., 2011) 

2011 
C

PQ
11-14  

 
English 

C
anada 

C
linical 

0-80 
 

O
rthodontic treatm

ent group 
at baseline = 21.05,  
A

t follow
 up = 16.16 

O
rthodontic w

aiting list 
group baseline = 24.07 
A

t follow
-up = 23.14 

A
guilar-D

iaz
b 

(A
guilar-D

iaz 
and Irigoyen-
C

am
acho, 2011) 

2011 
C

PQ
8-10  

25 
Spanish 

M
exico 

School 
 

16.42 
Low

 m
alocclusion = 6.39 

M
oderate m

alocclusion = 
10.93 
Severe = 21.03 

Baker
a (Baker et 

al., 2010) 
2010 

C
PQ

11-14  
37 

M
alay 

M
alaysia 

School 
 

 
 

Barbosa
a,b 

(Barbosa et al., 
2009) 

2009 
C

PQ
 

8-10  
C

PQ
11-14  

25 
37 

Portuguese 
Brazil 

School 
 

 
  

Barbosa
a,b 

(B
arbosa et al., 

2011) 
 

2011 
C

PQ
8-10  

C
PQ

11-14  
25 
37 

Portuguese 
Brazil 

School 
 

  
C

PQ
8-10  TM

D
 group = 20.6 

C
ontrol = 13.5,  

C
PQ

11-14  TM
D

 group = 27.6 
C

ontrol = 16.3 
Bekes

a (Bekes et 
al., 2011) 

2011 
C

PQ
11-14  

35 
G

erm
an 

G
erm

any 
H

om
e 

survey 
 

12.6 
 

Bendo
c (Bendo 

et al., 2010) 
2010 

C
PQ

11-14 -ISF:16 
16 

Portuguese 
Brazil 

School 
 

 
 

Benson
a (Benson 

et al., 2008) 
2008 

C
PQ

11-14  
31 

English 
U

K
 

C
linical 

 
20.4 

 

Brow
n

a (Brow
n 

and A
l-K

hayal, 
2006) 

2006 
C

PQ
11-14  

36 
A

rabic 
Saudi A

rabia 
C

linic 
0-102 

24.22 
N

o m
alocclusion = 17.38  

M
oderate/severe 

m
alocclusion = 25.38.  
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

C
heretakis

a,b 
(C

heretakis et 
al., 2007) 

2007 
C

PQ
 

8-10  
C

PQ
11-14  

25 
English 

C
anada 

C
linic 

0-58  
 

N
eutropenia = 14.2 

C
ontrol = 2.5 

C
osta

c (C
osta et 

al., 2011) 
2011 

C
PQ

11-14 -
ISF:16 

 
Portuguese 

Brazil 
School 

0-42 
 

Fixed appliances = 9.5 
N

o active treatm
ent = 11.5 

de O
liveira

a (de 
O

liveira et al., 
2008) 

2008 
C

PQ
 

11-14   
C

-O
ID

P 
 8 

English 
U

K
 

C
linic 

 
C

PQ
 = 

18.41  
 

D
o

a,b (D
o and 

Spencer, 2007) 
2007 

C
PQ

8-10 

C
PQ

11-14 

 
English 

A
ustralia 

School 
 

 
C

PQ
8-10 :  

dm
fs/D

M
FS 0 =10.8 

dm
fs/D

M
FS 1-2 =9.2  

dm
fs/D

M
FS 3-4 =12.4  

dm
fs/D

M
FS 5+=10.2 

Fluorosis 0=10.4  
Fluorosis 1 =10.7 
Fluorosis 2=10.1  
Fluorosis 3=15.7  
D

A
I ≤34=9.6 

D
A

I ≥35=12.6  
C

PQ
11-14 :  

dm
fs/D

M
FS 0 =11.8  

dm
fs/D

M
FS1-2=14.5  

dm
fs/D

M
FS 3-4=15.4 

dm
fs/D

M
FS 5+=14 

Fluorosis 0=15.1  
Fluorosis 1=9.2  
Fluorosis 2=6.4 
Fluorosis 3=12.3 
D

A
I ,34=13  

D
A

I 35+=13.8 
D

o
a,b (D

o and 
Spencer, 2008) 

2008 
C

PQ
8-10 

C
PQ

11-14   
25 
31 

English 
A

ustralia 
C

linic 
C

PQ
 

8-10  = 0-60 
C

PQ
 

11-14  = 0-77 
C

PQ
8-10 = 

10.7 
11-14 = 
13.3 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Fakhruddin
a 

(Fakhruddin et 
al., 2008) 

2008 
C

PQ
11-14  

(abbreviated 
version)  

10 
English 

C
anada 

School 
 

 
 

Fergus
a (Fergus, 

2010) 
2010 

C
PQ

 
(assum

e 
C

PQ
11-14 ) 

 
 

M
ontserrat 

School 
 

24 
M

ales = 24.28 
Fem

ales = 23.44 

Ferreira
c 

(Ferreira et al., 
2012) 

2012 
C

PQ
 

(abbreviated 
version) 

14 
Portuguese 

Brazil 
School 

0-37 
11.32 

 

Foster Page
a 

(Foster Page et 
al., 2005) 

2005 
C

PQ
11-14  

35 
English 

N
ew

 Zealand 
School 

0-103 
17.3 

M
ale = 15.8 

Fem
ale = 18.9 

D
M

FS 0 = 14.4 
D

M
FS 1 = 16.9 

D
M

FS 2/3 = 16 
D

M
FS ≥4 = 21.8 

M
alocclusion: 

M
inor/none = 14.8 

D
efinite = 17.2 

Severe = 19.6 
H

andicapping = 21.6 
Foster Page

a,c 
(Foster Page et 
al., 2008) 

2008 
C

PQ
11-14  C

PQ
11-

14 -ISF/RSF:16 
C

PQ
11-14-

ISF/RSF:8 

37 
16 
 8 

English 
N

ew
 Zealand 

School 
C

PQ
11-14  = 0-110  

RSF:16 = 0-52 
RSF:8 = 0-23 
ISF:16 = 0-47 
ISF:8 = 0-24 

C
PQ

11-14  = 
18.1 RSF:16 
= 9.6    
RSF:8 = 4.2 
ISF:16 = 9.6  
ISF:8 = 4.9 

 

Foster Page
a 

(Foster Page et 
al., 2010) 

2010 
C

PQ
11-14  

37 
English 

N
ew

 Zealand 
School 

 
 

 

Foster Page
c 

(Page et al., 
2011) 

2011 
C

PQ
11-14 –

ISF:16 
16 

English, 
M

alay, 
Portuguese 

N
ew

 Zealand, 
Brunei, Brazil 

School 
0-49 

 
N

orthland = 11.5 
Brunei = 16.8 
Brazil = 12.4 
O

tago = 14.6 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Foster Page
a 

(Foster Page 
and Thom

son, 
2012) 

2012 
C

PQ
11-14  

 
English 

N
ew

 Zealand 
School 

 
A

t 13 years 
= 17.1  
A

t 16 years 
= 17 

A
t 13 years: 

D
M

FS 0 = 15.2 
D

M
FS 1,2,3 = 17.1 

D
M

FS ≥4+ = 17.9 
A

t 16 years: 
D

M
FS 0 = 15.7 

D
M

FS 1,2,3 = 16.9 
D

M
FS 4+ = 19.1 

Foster Page
c 

(Foster Page et 
al., 2013b) 

2013 
C

PQ
11-14 - 

ISF:16 
16 

English 
N

ew
 Zealand 

School 
 

14.4 
M

ale = 13.2 
Fem

ale = 15.7 
M

aori = 11.1 
N

on-M
aori = 14.7 

D
M

FS 0 = 13.3  
D

M
FS 2 = 15.4 

D
M

FS ≥3 = 16 
M

alocclusion: 
m

inor/none = 13.5 
definite = 14 
severe = 14.3 
handicapping = 15.6 

G
oursand

a 
(G

oursand et 
al., 2008) 

2008 
C

PQ
11-14 

37 
Portuguese 

Brazil 
C

linic 
0-88 

16.23 
W

ithout untreated = 12.89 
W

ith untreated = 24.50 

G
ururatana

a,c 
(G

ururatana et 
al., 2011) 

2011 
C

PQ
 

11-14  
C

PQ
11-14-

ISF/RSF:16 
C

PQ
11-14 -

ISF/RSF:8 

37 
16 
 8 

Thai 
Thailand 

School 
C

PQ
11-14  = 1-61 

ISF:16 = 1-29 
RSF:16 = 1-31  
ISF:8 = 1-14 
RSF:8 = 0-15 

C
PQ

11-14  = 
24.3 ISF:16 
= 13.4 
RSF:16 = 
14.1  
ISF:8 = 6.8 
RSF:8=6.9 

 

H
um

phris
b 

(H
um

phris et 
al., 2005) 

2005 
C

PQ
 

8-10  
25 

English 
U

K
 

School 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Jokovic
a 

(Jokovic et al., 
2002) 

2002 
C

PQ
 

11-14  
37 

English 
C

anada 
C

linic 
1-80 

26.3 
Paediatric group = 23.3 
O

rthodontic group = 24.3 
O

rofacial group = 31.4 
Jokovic

a 
(Jokovic et al., 
2003a) 

2003 
C

PQ
 

11-14  
31 

English 
C

anada 
C

linic 
2-56 
 

26.2 
 

 

Jokovic
b 

(Jokovic et al., 
2004) 

2004 
C

PQ
 

8-10  
25 

English 
C

anada 
C

linic 
1-55 

18.6 
Paediatric group = 18.4 
O

rofacial group = 19.1 

Jokovic
a 

(Jokovic et al., 
2005) 

2005 
C

PQ
 

11-14  
37 

English 
C

anada 
C

linic 
 

 
 

Jokovic
a,c 

(Jokovic et al., 
2006) 

2006 
C

PQ
11-14 

C
PQ

11-14 -
 

ISF:16 
C

PQ
11-14 -ISF:8  

37 
16 
 8 

English 
C

anada 
C

linic 
ISF:16 = 1-40 
RSF:16 = 1-37  
ISF:8 = 0-24 
RSF:8 = 0-22 

ISF:16 = 
13.8 RSF:16 
= 13.6 
ISF:8 = 7.4 
RSF:8 = 6.6 

Paediatric group:  
ISF:16 = 11.9 
RSF:16 = 11.9 
ISF:8 = 6.8 
RSF:8 = 5.3 
O

rthodontic group: 
ISF:16 = 13  
RSF:16 = 13 
ISF:8 = 7.7 
RSF:8 = 6.4 
O

rofacial group:  
ISF:16 = 16.5  
RSF:16 =15.9  
ISF:8 = 8.8 
RSF:8 = 8 

K
adkhoda

c 
(K

adkhoda et 
al., 2011) 

2011 
C

PQ
11-14 -RSF:8 

8 
Farsi 

Iran 
C

linic and 
school 

0-22 
 

Functional appliance = 6.9 
H

eadgear = 6.5 
N

o m
alocclusion = 2.2 

K
ohli

a (K
ohli et 

al., 2011) 
2011 

C
PQ

11-14  
29 

English 
U

SA
 

C
linical 

2-80 
31.6 

M
ales =27  

Fem
ales = 39.4 

K
ok

a (K
ok et al., 

2004) 
2004 

C
PQ

11-14  
37 

English 
U

K
 

School 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

K
olaw

ole
a 

(K
olaw

ole et al., 
2011) 

2011 
C

PQ
11-14  

37 
English 

N
igeria 

School 
0-81 

23.44 
M

ale = 22.7,  
Fem

ale = 24.17 
D

M
FT 0 = 23.55 

D
M

FT 1 = 18.57 
D

M
FT 2 = 38  

D
ental A

esthetic Index: 
M

inor = 25.11 
D

efinite = 20.19  
Severe = 20.47  
H

andicapping = 25.77 
K

oposova
a 

(K
oposova et 

al., 2010) 

2010 
C

PQ
 

(assum
e 

C
PQ

11-14 ) 

 
N

orw
egian 

Russian 
N

orw
ay 

Russia 
School 

 
  

Russia = 20.2 
N

orw
ay = 14.2 

D
M

FT 0 = 14.8 
D

M
FT >0 = 20.2 

K
oposova

a 
(K

oposova et 
al., 2012) 

2012 
C

PQ
11-14  

37 
Russian 
N

orw
egian 

Russia 
N

orw
ay 

School 
N

orw
ay = 0-34 

Russia = 0-85 
N

orw
ay = 

9.9 
Russia = 
19.5 

D
M

FT 0 = 15.8,  
D

M
FT >0 = 18.6 

K
um

ar
a (K

um
ar 

et al., 2011) 
2011 

C
PQ

 
(assum

e  
C

PQ
11-14 ) 

31  
(scored  
1-5) 

 
India 

School and  
orphanage 

 
 

W
ith parents = 132.92 

 

Laing
a (Laing et 

al., 2010) 
2010 

C
PQ

 
11-14  

37 
English 

U
K

 
C

linic 
2-80 

 
H

ypodontia = 26.82 
C

ontrol = 28.52 
Lau

a,c (Lau et al., 
2009) 

2009 
C

PQ
11-14 

C
PQ

11-14 -
 

ISF/RSF:16 
C

PQ
11-14 -

ISF/RSF:8 

37 
 16 
 8 

C
hinese 

H
ong K

ong 
School 

 
 

 

Locker
a (Jokovic 

et al., 2005) 
2005 

C
PQ

11-14  
37 

English 
C

anada 
C

linic 
1-80 

27.8 
O

rofacial group = 31.4 
D

ental = 23.2 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Locker
a,c (Locker 

et al., 2007) 
2007 

C
PQ

 
11-14 

C
PQ

11-14 -ISF:16 
C

PQ
11-14 -ISF:8 

35 
16 
 8 

English 
C

anada 
C

linic 
C

PQ
11-14  = 1-75 

ISF:16 = 1-41 
ISF:8 = 0-19 

C
PQ

11-14  = 
21.1 
ISF:16 = 8.9 
ISF:8 = 8.9 

M
alocclusion (C

PQ
11-14) : 

M
inor/none = 16.1 

D
efinite = 19.6 

Severe = 17.7 
H

andicapping = 24.5 
 

Locker
a (Locker, 

2007) 
2007 

C
PQ

 
11-14  

(abbreviated 
version) 

10 
English 

C
anada 

School 
10-32 

12.9 
N

um
ber of carious teeth: 

0 = 12.8 
1 = 12.9 
≥ 2 = 14.6 
A

esthestic com
ponent IO

TN
: 

1-4 = 12.7 
5-7 = 13.1 
8-10 = 13.8 
Fluorosis: 
N

one = 12.7 
V

ery m
ild = 13.5 

M
ild = 11.9 

Locker
a (Locker 

et al., 2010) 
2010 

C
PQ

11-14  
37 

English 
C

anada 
C

linic 
4-69 

22.3 
 

Luoto
a (Luoto et 

al., 2009) 
2009 

C
PQ

11-14  
37 

Finnish 
Finland 

C
linic/schoo

l 
 

 
A

ttending dentist:  
Fear = 35.4 
N

o fear = 25 
G

eneral fear: 
Fear = 25.3  
N

o fear = 29.9 
Fear of treatm

ent: 
Fear = 33.2 
N

o fear = 24 
M

arshm
an

a 
(M

arshm
an et 

al., 2005) 

2005 
C

PQ
11-14  

37 
English 

U
K

 
C

linic 
3-53 

18.07 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

M
arshm

an
c 

(M
arshm

an et 
al., 2010) 

2010 
C

PQ
11-14 -ISF:16 

16 
English 

U
K

 
C

linic 
 

 
 

M
artins

b 
(M

artins et al., 
2009) 

2009 
C

PQ
8-10  

25 
Portuguese 

Brazil 
C

linic 
 

 
C

aries = 14.77 
M

alocclusion = 10.7 
Both = 21.29 

M
artins-Junior

b 
(M

artins-Junior 
et al., 2012a) 

2012 
C

PQ
 

8-10  
29 

Portuguese 
Brazil 

School 
 

 
 

M
artins-Junior

b 
(M

artins-Junior 
et al., 2012b) 

2012 
C

PQ
8-10 

25 
Portuguese 

Brazil 
School 

C
aries = 0-54 

N
o caries = 2-

28 

 
C

aries = 23.1 
N

o caries = 12 

M
assarente

a 
(M

assarente et 
al., 2011) 

2008 
C

PQ
 

11-14  
37 

Portuguese 
Brazil 

C
linic 

2-90 
28.5 

 

M
cG

rath
a 

(M
cG

rath et al., 
2008) 

2008 
C

PQ
11-14  

37 
C

hinese 
H

ong K
ong 

C
linic 

7-67 
23.1 

Paediatric group = 19.3 
O

rthodontic group = 26.9 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

O
'Brien

a 
(O

'Brien et al., 
2006) 

2006 
C

PQ
11-14  

36 
English 

U
K

 
School 

 
 

M
edians: 

M
ale = 50,  

Fem
ale = 54 

Tow
nsend deprivation score: 

Low
 = 52  

H
igh =52 

C
hild’s A

esthetic com
ponent 

of IO
TN

 score: 
1-3 = 51 
4-10=54 
D

entist’s aesthetic 
com

ponent score of IO
TN

: 
 1-5 = 51 
 6-10 = 53  
D

ental health com
ponent of 

IO
TN

: 
2-3 = 51 
4-5 = 54 
N

o orthodontic treatm
ent = 

51 
Previous orthodontic 
treatm

ent = 60  
C

urrent orthodontic 
treatm

ent = 58 
O

n w
aiting list = 50 

O
'Brien

a 
(O

'Brien et al., 
2007) 

2007 
C

PQ
11-14  

 
English 

U
K

 
C

linic 
0-57 

M
alocclusi

on group = 
17.6 
(m

edian) 
C

ontrol 
group = 14 
(m

edian) 

C
row

ding = 17.1 (m
edian) 

O
verjet = 20 (m

edian) 
H

ypodontia = 18 (m
edian) 

Paula
a (Paula et 

al., 2012b) 
2012 

C
PQ

11-14   
35 

Portuguese 
Brazil 

School 
0-106 

23.24 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Paula
b (Paula et 

al., 2012a) 
2012 

C
PQ

8-10 
 

Portuguese 
Brazil 

School 
C

ontrols = 0-
51 
C

aries = 3-96 
Post treatm

ent 
= 0-100 

 
C

ontrols = 19 
C

aries = 42 
Post treatm

ent = 29 

Piovesan
a 

(Piovesan et al., 
2010) 

2010 
C

PQ
11-14  

37 
Portuguese 

Brazil 
School 

0-99 
20.9 

 

Piovesan
a 

(Piovesan et al., 
2011) 

2011 
C

PQ
11-14  

37 
Portuguese 

Brazil 
School 

 
 

 

Piovesan
a 

(Piovesan et al., 
2012) 

2012 
C

PQ
11-14  

37 
Portuguese 

Brazil 
School 

 
18.4 

Traum
a = 21.03,  

N
o traum

a = 20.85 

Porritt
c (Porritt 

et al., 2011) 
2011 

C
PQ

11-14 -ISF:16 
16 

English 
U

K
 

C
linic 

0-51 
15.5 at 
baseline 
12.1 at 
follow

 up 

 

Ram
os-Jorge

b,c 
(Ram

os-Jorge et 
al., 2012) 

2012 
C

PQ
8-10, 

C
PQ

11-14 -ISF:8 
25 
8 

Portuguese 
Brazil 

School 
 

 
Interview

 1
st: 

C
PQ

8-10 = 13.5 
ISF:8= 8.7 
Interview

 2
nd: 

C
PQ

8-10 = 21.9 
ISF:8

 = 8.9 
Self com

pletion 1
st: 

C
PQ

8-10 = 12.4 
ISF:8

 = 8.2 
Self com

pletion 2
nd  

C
PQ

8-10  = 15.8 
ISF:8

 = 7.9 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Robinson
a 

(Robinson et al., 
2005) 

2005 
C

PQ
11-14  

37 
Luganda 

U
ganda 

School 
 

 
Fluorosis score: 
 >2 = 33.1,  
0-2 = 25.4 
D

M
FT 0 = 21.9,  

D
M

FT >0 = 32.5 
Taylor

a (Taylor 
et al., 2009) 

2009 
C

PQ
11-14  

37 
English 

U
SA

 
C

linic 
 

 
  

Torres
c (Torres 

et al., 2009) 
2009 

C
PQ

11-14 -ISF:16 
C

PQ
11-14 -ISF:8 

16 
 8 

Portuguese 
Brazil 

School 
ISF:8 = 0-18 
ISF:16 = 0-38 

ISF:8 = 6.8 
ISF:16 = 
11.9 

 

Traebert
a 

(Traebert et al., 
2012) 

2010 
C

PQ
11-14  

37 
Portuguese 
and English 

Brazil and 
N

ew
 Zealand 

School 
 

 
N

ew
 Zealand = 17.8  

Portuguese = 28.1 

Traebert 
(Traebert et al., 
2010b) 

2010 
C

PQ
11-14  

37 
English 

N
ew

 Zealand 
School 

0-110 
18.1 

M
aori = 19.1 

N
on-M

aori = 17.9 

Traebert
c 

(Traebert et al., 
2012) 

2012 
C

PQ
11-14  short 

form
 

16 
English 

N
ew

 Zealand 
School 

0-49 
12.4 

Traum
a =14.6 

W
ithout = 9.6 

V
argas-Ferreira

a 
(V

argas-Ferreira 
et al., 2010) 

2010 
C

PQ
 

11-14  
37 

Portuguese 
Brazil 

School 
0-94 

18.59 
M

ale = 17.7 
Fem

ale = 19.25 
W

hite = 18.19,  
N

on-w
hite = 20.32 

11-12 years = 18.91 
13-14 years = 17.94  
N

o erosion = 18.5,  
Erosion = 19.9 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

W
ogelius

a,b 
(W

ogelius et al., 
2009) 

2009 
C

PQ
8-10  

C
PQ

11-14  
25 
37 

D
anish 

D
enm

ark 
School, clinic 

 
  

C
PQ

8-10 : 
H

ealthy = 8.5 
C

left lip and palate = 7.9 
Rare oral diseases =16.3  
C

PQ
11-14 : 

H
ealthy = 10.5  

C
left lip and palate = 17.8 

Rare oral diseases = 17.8 
Fixed appliances = 24.4 

W
ogelius

a,b 
(W

ogelius et al., 
2011) 

2011 
C

PQ
8-10   

C
PQ

11-14  
25 
37 

D
anish 

D
enm

ark 
School, clinic 

C
PQ

8-10  = 0-100 
C

PQ
11-14  =  0-148 

  
 C

PQ
8-10 : 

W
ith cancer = 5.6,  

W
ithout = 8.8,  

C
PQ

11-14 : 
W

ith cancer = 12.5 
W

ithout = 11.8 
W

ong
a (W

ong et 
al., 2006) 

2006 
C

PQ
11-14  

37 
C

hinese 
H

ong K
ong 

C
linic 

 
29 

 

W
ong

c (W
ong et 

al., 2011) 
2011 

C
PQ

 
11-14 - 

RSF:8 
8 

C
hinese 

H
ong K

ong 
School 

 
 

 

Z
hang

a (Z
hang 

et al., 2007b) 
2007 

C
PQ

11-14  
31 

C
hinese 

H
ong K

ong 
C

linic 
 

20.1 
 

Zhang
a (Zhang 

et al., 2007a) 
2007 

C
PQ

11-14  
37 

C
hinese 

H
ong K

ong 
C

linic 
 

 
A

nticipation of changes 
follow

ing treatm
ent = 27.4 

Pre-treatm
ent = 20.7 

A
fter 1 w

eek of treatm
ent = 

25.6 
A

fter 1 m
onth of treatm

ent = 
22.5 
A

fter 3 m
onths of treatm

ent 
= 21.1 
A

fter 6 m
onths of treatm

ent 
= 20.4 



 
297 

A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Zhang
a (Zhang 

et al., 2008) 
2008 

C
PQ

 
(assum

e 
C

PQ
11-14 ) 

37 
C

hinese 
H

ong K
ong 

C
linic 

 
 

Pre-treatm
ent = 20.7 

A
fter 1 w

eek of treatm
ent = 

25.6 
A

fter 1 m
onth of treatm

ent = 
22.5 
A

fter 3 m
onths of treatm

ent 
= 21.1 
A

fter 6 m
onths of treatm

ent 
= 20.4 

Zhang
a (Zhang 

et al., 2009) 
2009 

C
PQ

11-14  
37 

C
hinese 

H
ong K

ong 
C

linic 
 

 
A

esthetic com
ponent 

N
eed = 24.2 

N
o need = 19.7, 

D
ental H

ealth C
om

ponent 
N

eed = 21.7 
N

o need  = 18.3 

A
ppendix B

.  Studies w
hich used a version of the C

hild Perceptions Q
uestionnaire w

ith details of version, setting and 

range and m
ean scores. 

C
PQ

 = C
hild Perceptions Q

uestionnaire; ISF:8/16 = item
 im

pact version of the short form
 of C

PQ
11-14  (8 or 16 item

s respectively); RSF:8/16 
= regression version of the short form

 of C
PQ

11-14 (8 or 16 item
s respectively). 

TM
D

 = tem
porom

andibular joint dysfunction; dm
fs/D

M
FS = decayed m

issing and filled surfaces (prim
ary and perm

anent teeth 
respectively); dm

ft/D
M

FT = decayed m
issing and filled teeth (prim

ary and perm
anent teeth respectively); D

A
I = D

ental A
esthestic 

Index; IO
TN

 = Index of Treatm
ent N

eed.  
aIncluded in Section 5.4.1 C

PQ
11-14; ; 

bincluded in Section 5.4.1 C
PQ

8-10 ; 
c included in Section 5.4.1 C

PQ
 

short form
s.  



	 298	

Appendix	C	

Studies	which	used	a	version	of	the	

Child	Oral	Impacts	on	Daily	

Performances	index	
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Bernabe 
(Bernabe et al., 
2007b) 

2007 
C

-O
ID

P  
8 

Spanish 
Peru 

School 
 

1.3  
Proportion w

ith im
pacts: 

M
alocclusion= 15.5%

  

Bernabe 
(Bernabe et al., 
2007a) 

2007 
C

-O
ID

P  
8 

Spanish 
Peru 

School 
0-62.5 

7.8 
82%

 w
ith at least one im

pact 

Bernabe 
(Bernabe et al., 
2008) 

2008 
C

-O
ID

P 
8 

Spanish 
Peru 

School 
 

 
  

Bernabe 
(Bernabe et al., 
2009) 

2009 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
 

 
 

Bianco (Bianco 
et al., 2010) 

2010 
C

-O
ID

P  
8 

Italian 
Italy 

School 
0-30 

1.9 
66.8%

 reported at least one 
im

pact 
C

astro (C
astro 

et al., 2008) 
2008 

C
-O

ID
P 

8 
Portuguese 

Brazil 
School 

 
9.2 

80.7%
 w

ith at least one im
pact 

C
astro (C

astro 
et al., 2011) 

2011 
C

-O
ID

P 
8 

Portuguese 
Brazil 

School 
 

7.1 
88.7%

 w
ith at least one im

pact 
M

ale = 6.2 
Fem

ale =7.8  
D

M
FT>1 = 8.2 

D
M

FT 0 = 6.3 
Biofilm

 present =8.3 
N

o biofilm
 = 6.1 

Enam
el defects = 9.2 

N
o enam

el defects = 7 
Traum

a = 7.4 
N

o traum
a = 7.1 

C
ortes-

M
artinicorena 

(C
ortes-

M
artinicorena 

et al., 2010) 

2010 
C

-O
ID

P 
8 

Spanish 
Spain 

School 
 

 
11-12 years = 2.69 
13-14 years = 3.08 

de O
liveira (de 

O
liveira et al., 

2008) 

2008 
C

PQ
 

11-14  
C

-O
ID

P 
 8 

English 
U

K
 

C
linic 

 
 

49.3%
 reported at least one 

im
pact 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

D
um

itrache 
(D

um
itrache et 

al., 2009) 

2009 
C

-O
ID

P 
8 

 
Rom

ania 
School 

Total negative 
effects 57.4%

 
 

 

G
herunpong 

(G
herunpong et 

al., 2004a) 

2004 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
 

 
Perceived treatm

ent need = 18.1 
(m

edian) 
N

o perceived treatm
ent need = 

5.6 (m
edian) 

Perceived oral health problem
s: 

N
one/little = 5.6 

M
oderate = 13.9 

Severe = 33.3 
G

herunpong 
(G

herunpong et 
al., 2004b) 

2004 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
0-59.7 

8.8 
89.8%

 w
ith at least one im

pact 

G
herunpong 

(G
herunpong et 

al., 2006a) 

2006 
C

-O
ID

P  
8 

Thai 
Thailand 

School 
 

 
89.8%

 w
ith at least one im

pact 
20.3%

 of im
pacts related to 

m
alocclusion 

G
herunpong 

(G
herunpong et 

al., 2006b) 

2006 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
 

 
 

K
risdapong 

(K
risdapong et 

al., 2009) 

2009 
C

-O
ID

P  
8 

Thai 
Thailand 

School 
0-68.1 

7.8 
85.2%

 w
ith at least one im

pact 

K
risdapong 

(K
risdapong et 

al., 2012a) 

2012 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
  

  
26%

 had im
pacts related to 

calculus/gingivitis 

K
risdapong 

(K
risdapong et 

al., 2012b) 

2012 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
  

  
24.7%

 of im
pacts related to 

recurrent apthous ulceration 

K
risdapong 

(K
risdapong et 

al., 2012c) 

2012 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
  

  
 81.7%

 had a least one im
pact 

K
risdapong 

(K
risdapong et 

al., 2012d) 

2012 
C

-O
ID

P 
8 

Thai 
Thailand 

School 
 

 
85.1%

 w
ith at least one im

pact 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

M
ashoto 

(M
ashoto et al., 

2010) 

2010 
C

-O
ID

P 
8 

K
isw

ahili 
Tanzania 

School 
 

T0 = 1.8 
Follow

 
up = 1 

T0: 
A

RT = 1.3 
A

RT and extractions = 3.9 
O

H
E = 1.6 

Follow
-up: 

A
RT = 1.5 

A
RT and extractions = 1.7 

O
H

E = 0.9 
M

baw
alla 

(M
baw

alla et 
al., 2010) 

2010 
C

-O
ID

P  
8 

K
isw

ahili 
Tanzania 

School 
 

  
48.2%

 w
ith at least one im

pact 

M
baw

alla 
(M

baw
alla et 

al., 2011) 

2011 
C

-O
ID

P 
8 

K
isw

ahili 
Tanzania 

School 
 

 
O

ral im
pacts: 

A
rusha = 0.7%

 
D

ar es Salaam
 = 28.6%

 
D

ecayed teeth: 
0 = 0.5 
>0 = 0.8 
M

issing teeth: 
0 = 0.6 
>0 = 0.8 
O

ral hygiene: 
G

ood = 0.5 
Bad = 0.7 
C

alculus: 
G

ood = 0.6 
Poor= 0.7 

M
taya (M

taya 
et al., 2007) 

2007 
C

-O
ID

P 
8 

K
isw

ahili 
Tanzania 

School 
 

1.2 
D

M
FT 0 = 1.1 

D
M

FT >0 = 1.5 
M

taya (M
taya 

et al., 2008) 
2008 

C
-O

ID
P 

8 
K

isw
ahili 

Tanzania 
School 

 
 

28.6%
 had at least one oral 

im
pact 

N
urelhuda 

(N
urelhuda et 

al.) 

2010 
C

-O
ID

P 
8 

A
rabic 

Sudan 
School 

0-9 
1.5 

54.6%
 had a least one im

pact 
53.4%

 of those in public school 
64%

 in private school 
Pau (Pau et al., 
2008) 

2008 
C

-O
ID

P 
8 

English 
Pakistan 

School 
 

3.4  
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Raym
undo de 

A
ndrade 

(Raym
undo de 

A
ndrade et al., 

2011) 

2011 
C

-O
ID

P  
8 

Portuguese 
Brazil 

C
linic 

0-33 
6.1 

Pain = 8.97 
N

o pain = 4.4 
Sensitivity = 7.65 
N

o sensitivity = 4.48 
C

aries = 7.03 
N

o caries = 5.34 
Rosel (Rosel et 
al., 2010) 

2010 
C

-O
ID

P 
8 

Spanish 
Spain 

School 
 

  
Face to face interview

 1
st =4.38 

Face to face interview
 2

nd = 4.21 
Self-adm

inistered 1
st = 4.2 

Self-adm
inistered 2

nd = 4.46 
Tsakos (Tsakos 
et al., 2006) 

2006 
C

-O
ID

P  
8 

Thai 
Thailand 

School 
 

 
Presence of im

pact: 
C

aries = 50.6%
 

Traum
a = 4.6%

 
Enam

el defect/anom
aly = 8.7%

 
M

alocclusion = 20.3%
 

Prosthodontic = 0.7%
 

Tsakos (Tsakos 
et al., 2008) 

2008 
C

-O
ID

P 
8 

English 
U

K
 

C
linic 

 
 

M
ean num

ber of im
pacts = 3.16 

Tubert Jeannin 
(Tubert-Jeannin 
et al., 2005) 

2005 
C

-O
ID

P  
8 

French 
France 

School 
 

6.3 
N

ot satisfied w
ith oral health = 

7.5 
Satisfied w

ith oral health = 2 
O

ral problem
s: 

N
one = 0  

Som
e = 4.2  

M
any = 19.2 

N
o treatm

ent need = 1 
Treatm

ent need = 5.2 
G

lobal oral health: 
V

ery bad = 14.6  
Bad = 19.2 
Fairly bad = 8 
Fairly good = 4.2 
G

ood = 1.7 
Excellent = 0.2 

Yusuf (Yusuf et 
al., 2006) 

2006 
C

-O
ID

P 
8 

English 
U

K
 

School 
 

 
 40.4%

 had at least one im
pact 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Yusof (Yusof 
and Jaafar, 
2012) 

2012 
C

-O
ID

P 
8 

M
alay 

M
alaysia 

School 
  

 13.2 
66.7%

 had at least one im
pact 

A
ppendix C

.  Studies w
hich used a version of the C

hild O
ral Im

pacts on D
aily Perform

ances index w
ith details of version, 

setting and range and m
ean scores. 

C
-O

ID
P = C

hild O
ral Im

pacts on D
aily Perform

ances index; dm
ft/D

M
FT = decayed m

issing and filled teeth (prim
ary and perm

anent 
teeth respectively); A

RT = atraum
atic restorative technique; O

H
E = oral health education; T0 = baseline m

easurem
ent. 
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Appendix	D	

Studies	which	used	a	version	of	the	

Child	Oral	Health	Impact	Profile	
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

A
hn (A

hn et al., 
2012) 

2011 
C

O
H

IP 
34 

K
orean 

K
orea 

School 
46-132 

103.3 
C

aries = 106.8 
N

o caries = 104.2 
O

rtho need = 100.4 
N

o need = 104.9 

Bos (Bos et al., 
2010) 

2010 
C

O
H

IP 
30 

D
utch 

N
etherlands 

C
linic 

 
112.12 

Fem
ale = 110.92  

M
ale = 113.28 

Bos (Bos and 
Prahl, 2010) 

2010 
C

O
H

IP 
30 

D
utch 

N
etherlands 

C
linic 

 
119.29 

Fem
ale = 118.2 

M
ale = 119.81  

8-12 years = 121.77 
>12 years = 116.19  
C

left palate = 116.29 
C

left lip = 121.65 
U

nilateral cleft lip and palate = 
119.2 
Bilateral cleft lip and palate = 
119.25 

Broder (Broder 
et al., 2007) 

2007 
C

O
H

IP 
 

English, 
French, 
Spanish 

U
SA

/C
anada 

C
linic 

 
 

 

Broder (Broder 
and W

ilson-
G

enderson, 
2007) 

2007 
C

O
H

IP 
34 

English, 
Spanish, 
French 

U
SA

/C
anada 

C
linical/sch

ool 
28-135 

99 
Paediatric group = 97.7  
O

rthodontic group = 97.2 
C

raniofacial group = 87.1  
C

om
m

unity group = 102.3 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Broder (Broder 
et al., 2012) 

2012 
C

O
H

IP 
short form

 
19 

English 
Spanish 

U
SA

 
A

gricultural 
population/
clinical 

 
 

C
aries: 

C
O

H
IP = 103.5 

Short form
 = 56.2 

M
alocclusion: C

O
H

IP = 102.2 
Short form

 = 57.8, C
raniofacial 

group: 
C

O
H

IP = 98.3 
Short form

 = 53.7 

C
alis (C

alis et 
al., 2009) 

2009 
C

O
H

IP 
38 

D
utch 

N
etherlands 

School 
 

 
 

D
unlow

 
(D

unlow
 et al., 

2007) 

2007 
C

O
H

IP 
34 

English 
U

SA
 

C
linic 

 
 

  

G
eels (G

eels et 
al., 2008a) 

2008 
C

O
H

IP  
38 

D
utch 

N
etherlands 

School 
 

1.78 
 

G
eels (G

eels et 
al., 2008b) 

2008 
C

O
H

IP  
38 

D
utch 

N
etherlands 

C
linic 

45-122 
74.1 
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A
uthor 

Year 
M

easure 
used and 
version 

N
um

ber of 
item

s 
analysed 

Language of 
version 

Study country 
Study 
population 

Item
/score 

distribution 
Total 
m

ean 
score 

Subgroups m
ean score/ 

proportion w
ith im

pacts 

Ravaghi 
(Ravaghi et al., 
2011) 

2011 
C

O
H

IP  
34 

Farsi 
Iran 

School 
0-82 

28 
Perceived dental need = 32.6 
N

o perceived need = 22.8 
Pain = 35.1 
N

o pain = 25.6  
D

issatisfied w
ith oral health = 

38.5 
Satisfied w

ith oral health = 25.1 
D

M
FT 0 = 20  

D
M

FT >0 = 29.6  
D

M
FT 0-2 = 25.8  

D
M

FT >3 = 30.4 

W
ilson-

G
enderson 

(W
ilson-

G
enderson et 

al., 2007) 

2007 
C

O
H

IP 
34 

English 
C

anada/U
SA

 
C

linic 
 

 
 

A
ppendix D

.  Studies w
hich used a version of the C

hild O
ral H

ealth Im
pact Profile w

ith details of version, setting and 
range and m

ean scores. 

C
O

H
IP = C

hild O
ral H

ealth Im
pact Profile; dm

ft/D
M

FT = decayed m
issing and filled teeth (prim

ary and perm
anent teeth respectively). 
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Appendix	E	

Patient	Information	Leaflet	
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Particip
an

t in
form

ation
 leaflet: in

-d
ep

th
 in

terview
s  

 

 
 

  

 
   

 

 

W
h

o
 am

 I? 
M

y
 n

a
m

e
 is

 F
io

n
a

, I w
o

r
k

 a
t
 t

h
e

 

U
n

iv
e

r
s
it

y
.  T

h
is

 is
 m

e
  

     W
h

at am
 I d

o
in

g? 
I w

a
n

t
 t

o
 fin

d
 o

u
t
 

w
h

a
t
 c

h
ild

r
e

n
 t

h
in

k
 

a
b

o
u

t
 t

h
e

ir
 t

e
e

t
h

. 
 

 C
an

 yo
u

 h
elp

 m
e? 

I w
o

u
ld

 lik
e

 t
o

 t
a

lk
 t

o
 

y
o

u
 a

b
o

u
t
 y

o
u

r
 t

e
e

t
h

.  It
 s

h
o

u
ld

 b
e

 

fu
n

! 
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W
h

at h
ap

p
en

s after? 
E

v
e

r
y
t
h

in
g

 y
o

u
 t

e
ll m

e
 

w
ill b

e
 a

 s
e

c
r
e

t
. 

 Y
o

u
 c

a
n

 c
h

o
o

s
e

 a
 

d
iffe

r
e

n
t
 n

a
m

e
, s

o
 t

h
a

t
 n

o
 o

n
e

 w
ill 

k
n

o
w

 w
h

a
t
 y

o
u

’v
e

 s
a

id
. 

 I w
ill w

r
it

e
 a

 s
t
o

r
y
 t

o
 t

e
ll o

t
h

e
r
 

p
e

o
p

le
 w

h
a

t
 I’v

e
 fo

u
n

d
 o

u
t
. 

 W
h

at if yo
u

 d
o

n
’t w

an
t to

 jo
in

 in
 

an
ym

o
re? 

If y
o

u
 d

o
n

’t
 w

a
n

t
 t

o
 d

o
 it

 a
n

y
m

o
r
e

, 

y
o

u
 c

a
n

 s
t
o

p
 a

t
 a

n
y
 t

im
e

. 

 N
o

 o
n

e
 w

ill b
e

 c
r
o

s
s
. 

W
h

at d
o

 yo
u

 d
o

 n
o

w
? 

T
h

e
r
e

 is
 a

 s
h

e
e

t
 t

o
 fill in

.  If y
o

u
 

w
o

u
ld

 lik
e

 t
o

 jo
in

 in
, p

le
a

s
e

 t
ic

k
 t

h
e

 

b
o

x
 o

n
 t

h
e

 s
h

e
e

t
 a

n
d

 g
e

t
 s

o
m

e
o

n
e

 

t
o

 p
o

s
t
 it

 t
o

 m
e

.   

I f y
o

u
 h

a
v
e

 a
n

y
 q

u
e

s
t
io

n
s
 o

r
 a

r
e

 u
n

h
a

p
p

y
, 

y
o

u
 c

a
n

 p
h

o
n

e
 m

e
 o

n
 0

114
 2

7
1 7

8
8

5
 o

n
 o

r
 

e
m

a
il f.g

ilc
h

r
is

t
@

s
h

e
ffie

ld
.a

c
.u

k o
r
 M

r
s
 

T
r
a

c
e

y
 P

la
n

t
, C

lin
ic

a
l H

o
s
p

it
a

l M
a

n
a

g
e

r
, 

C
h

a
r
le

s
 C

liffo
r
d

 D
e

n
t
a

l H
o

s
p

it
a

l, S
h

e
ffie

ld
 

S
10

 2
S

Z
 o

r
 t

h
e

 P
a

t
ie

n
t
 S

e
r
v
ic

e
s
 T

e
a

m
 o

n
 0

114
 

2
7

1 2
4

0
0

 o
r
 e

m
a

il P
S

T
@

s
t
h

.n
h

s
.u

k
 

 T
h

a
n

k
 y

o
u

 fo
r
 r

e
a

d
in

g
 t

h
is

.  I h
o

p
e

 t
o

 

m
e

e
t
 y

o
u

 s
o

o
n

.
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Appendix	F	

Assent	forms	
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Assent form for both qualitative and quantitative 
studies (5-10 years) 
    

Name of young person to be involved in the research:
 ____________________________ 
 
Participant identification number for this project: 
 ____________________________ 

 
1. Has someone read to you information about this study? 

 
 
 
 
 

Yes / No 

2. Has somebody else told you what this study is about? Yes / No 

3. Do you understand what this study is about? Yes / No 

4. Have you asked all the questions you want? Yes / No 

5. Have your questions been answered OK? Yes / No 

6. Do you understand it’s OK to stop taking part at any time?   Yes / No 

7. Are you happy to take part? Yes / No 
If any answers are ‘no’ or you don’t want to take part, don’t write your 

name! 
 

If you do want to take part, you can write your name below.  
 
 
Name of child 

(please PRINT name) 

 

 Date  Child to write name here 

Name of person 

taking consent 

 Date  Signature 

Teeth and dentists: what do you think? 

Participant assent form (qualitative, 11-16 years) 

Young person, please complete this sheet. 

Please  

put a circle 

round the one 

you agree with: 
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Name of young person to be involved in the research:

 ____________________________ 

 

Participant identification number for this project: 

 ____________________________ 

Please initial box: 

1. I confirm that I have read and understood the information sheet for the 
above  
project and that I have had the opportunity to ask questions  

2. I understand that tapes will be made and that the reason they will  
be used has been explained in terms which I have understood 

 
3. I understand that my participation is entirely voluntary and that we are  

free to withdraw at any time, without giving a reason and without our  
medical care or legal rights being affected 

 

4. I understand that any information will be used for research purposes only;  
including research publications and reports.  Anonymity and confidentiality  
will be preserved at all times. 

5. I give my permission to be contacted again within a three year period 
6. I agree to take part 

 

Name of young person: _______________________________________ 

Signature:   _______________________________________ 

Date:    _______________________________________ 

 

Name of researcher: _______________________________________ 

Signature:   _______________________________________ 

Date:    _______________________________________ 

 

1 copy for parent/guardian, 1 for researcher	
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Appendix	G	

Item	reduction	data	collection	

sheet	
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Item reduction 

 
Participant number: 

 
Item Experienced? Most frequent/most 

severe 
Felt annoyed   
Not been able to do things   
Schoolwork   
Felt grumpy   
Felt tired   
Cried   
Food stuck   
Eat slowly   
Couldn’t eat some foods   
Eat on other side   
Eat carefully   
Kept awake   
Pain   
Medicine   
Talking   
Brown marks   
Toothbrushing   
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Appendix	H	

Questionnaire	design	stage:		

Version	One	
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These questions ask how you feel about your teeth. Read all the 

answers and see which one is most like you. 

 

Put a tick in the box next to it, like this þ.  Only tick one box 

for each question. 

 

Now please think about your teeth and answer the questions on 
the next pages. 

  

For example: I feel very happy about my teeth, so I will tick this 

box: 

 

Happy 

I don’t feel happy about my teeth      � 

I feel a bit happy about my teeth      � 

I feel very happy about my teeth      þ 
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Please tick one answer for each question. 

 

1. Hurting 
My teeth do not hurt         �  

My teeth hurt a bit         � 

My teeth hurt a lot         � 

 

 

2. Eating food 
My teeth don’t stop me eating any foods     � 

My teeth stop me eating some foods a bit              � 
My teeth stop me eating some foods a lot     � 
 

 

3. Getting food stuck 
I don’t get food stuck between my teeth     � 

I get food stuck between my teeth a bit     � 

I get food stuck between my teeth a lot     � 
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4. Eating differently 
I don’t have to eat on the other side of my mouth because of 

my teeth                  � 
I sometimes have to eat on the other side of my mouth because 

of my teeth                 � 
I have to eat on the other side of my mouth because of my 

teeth a lot          � 

 

5. Sleeping 
I don’t get kept awake by my teeth     � 

I get kept awake by my teeth a bit      � 

I get kept awake by my teeth a lot      � 
 

6. Annoyed 
I don’t feel annoyed by my teeth      � 

I feel annoyed by my teeth a bit       � 

I feel very annoyed by my teeth       � 
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Appendix	I		

Questionnaire	design	stage:		

Version	Two	

 

  



 

 
 

321 

These questions ask how you feel about your teeth. Read all the 

answers and see which one is most like you. 

 

Put a circle round the answer like this            .  Only make one 

circle for each question. 

 

 

 

 

 

 

 

 

 

 

 

Now please think about your teeth and answer the questions on 
the next pages. 

  

For example: I feel very happy about my teeth, so I will circle this: 

 

How happy do you feel about your teeth? 

Not at all  A bit  A lot 
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1. How much do your teeth hurt you? 
 
Not at all   A bit   A lot 

  

 

2. How much do your teeth stop you eating some foods? 
 

Not at all   A bit   A lot 
 

 

3. Do you have to eat on the other side of your mouth 
because of your teeth? 

 
Not at all   A bit   A lot 

 

  

4. How much do you get food stuck between your teeth?  
 

Not at all   A bit   A lot 
 

 

5. How much do you get kept awake by your teeth? 
 

Not at all   A bit   A lot 
 

 

6. How much do your teeth annoy you? 
 

Not at all   A bit   A lot 
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Appendix	J	

Topic	guide	for	interviews		
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Topic guide in depth interviews 

• Attending the dental hospital 
o Going to the dental hospital, what was that for? 
o Who told them? 
o What was it like? 

• Experience of having caries 
o Did they have any symptoms? 
o Did it stop them doing anything? 
o How did it make them feel? 
o When symptoms stopped, why did it feel better? 
o What do they think it looks like? 

• Treatment 
o Have they had any treatment? 
o What was it? 
o What was it like? 
o How did it make them feel? 
o Did it make it better? 

• Describing it to a friend 
o How would they describe caries to a friend 
o How would they describe the treatment they had to a 

friend 
• Things other children have said 

o Stops them eating on those teeth 
o Stops them talking 
o Stops them eating some foods 
o Makes them eat slower 

• Anything else?
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Appendix	K	

Item	generation	stage	participant	

characteristics	
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Pseudonym
 

G
ender 

A
ge 

D
eprivation 

quintile 
Ethnicity 

dm
ft/D

M
FT

 
Presence of 
anterior caries 

Pain experienced 

M
arie 

F 
12years, 11m

onths 
2 

W
hite British 

8/3 
N

o 
Y

es 
A

nnie 
F 

8 years, 5 m
onths 

5 
W

hite British 
6/1 

N
o 

Y
es 

M
aria 

F 
8 years, 6 m

onths 
4 

W
hite British 

4/0 
N

o 
Y

es 
W

ayne 
M

 
9 years, 5 m

onths 
4 

W
hite British 

4/2 
N

o 
Y

es 
Steve 

M
 

12 years, 11 m
onths 

3 
W

hite British 
8/1 

N
o 

N
o 

Justin 
M

 
7 years, 3 m

onths 
5 

W
hite British 

6/0 
N

o 
Y

es 
Precious 

F 
11years, 3 m

onths 
5 

W
hite British 

0/3 
N

o 
Y

es 
D

idier 
M

 
8 years 7 m

onths 
5 

W
hite British 

2/0 
N

o 
N

o 
Bob 

M
 

11 years, 3 m
onths 

3 
W

hite British 
3/0 

N
o 

Y
es 

Jack 
M

 
11 years, 11 m

onths 
1 

W
hite British 

1/0 
N

o 
Y

es 
Lucy 

F 
10 years, 7 m

onths 
5 

W
hite British 

3/0 
N

o 
Y

es 
Isabelle 

F 
7 years, 1 m

onths 
3 

W
hite British 

7/0 
N

o 
N

o 
Elisabeth 

F 
7 years, 6 m

onths 
5 

Bangladeshi 
8/0 

N
o 

N
o 

A
hm

ed 
M

 
5 years, 6 m

onths 
5 

Black A
frican 

12/0 
Y

es 
N

o 
Lily 

F 
12 years, 3 m

onths 
5 

W
hite British 

0/5 
N

o 
Y

es 
Leah 

F 
6 years, 11 m

onths 
5 

W
hite British 

8/0 
Y

es 
Y

es 
M

ark 
M

 
8 years, 7 m

onths 
2 

W
hite British 

1/1 
N

o 
Y

es 
Liam

 
M

 
13 years, 11 m

onths 
5 

W
hite British 

0/7 
Y

es 
N

o 
Brodie 

M
 

9 years, 6 m
onths 

3 
W

hite British 
6/3 

N
o 

Y
es 

D
anesh 

M
 

6 years, 9 m
onths 

5 
Pakistani 

1/0 
N

o 
N

o 

A
ppendix K

.  Interview
 and focus group participant characteristics. 

dm
ft =  num

ber of decayed, m
issing and filled prim

ary teeth, D
M

FT = num
ber of decayed, m

issing and filled perm
anent 

teeth. D
eprivation quintiles = 1 is least deprived and 5 m

ost deprived. 

 


