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Abstract

The public health importance of calculus emanates from its ubiquity as well as the 

large cost of its removal. The main aim of this thesis was to model future trends in 

calculus levels based on the epidemiology of calculus, and changes in demography, 

cigarette smoking, and patterns of using anti-calculus toothpastes. The methods used 

included epidemiological analysis using regression modelling, meta-analysis and an 

algorithm-based estimation of scaling time. The results showed that calculus was 

universally present and was more in the socially disadvantaged, less educated, 

irregular dental attendee, those brushing the teeth less frequently, and in smokers. The 

systematic review of clinical trials revealed that anti-calculus toothpastes might 

reduce calculus by 27% after 3 months, 34% after 6 months and 54% after 12 months 

use. A per capita scaling time of 15 minutes was found for both British and American 

populations and the scaling times varied according to the social class, education, 

dental attendance behaviour, toothbrushing habits and smoking. Different scenarios 

tested showed that reduction in the scaling time might occur when the proportion of 

smokers was reduced and number of people brushing their teeth more frequently 

increased. Under the scenario where the widest range of effect sizes for anti-calculus 

toothpastes were postulated population scaling time may be reduced by 10% while the 

scenario on the use of the most effective formulation may reduce the time for scaling 

by 25%. The anti-calculus dentifrice use may prolong the interval between visit to 

dentist for scaling and narrow the gap between social groups. Reductions in risk 

factors were essential to feel the full benefit of the preventive agent. In conclusion, 

improved dental health behaviour, reduced smoking and increasing use of anti

calculus toothpastes can result in significant reduction in population scaling times.
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Chapter 1

Why dental calculus is a public health 
problem

"Your tartar is your calcified hate. Not only the 

microfiora in your oral cavity, but also your muddled 

thoughts, your obstinate squinting backward, the 

way you regress when you mean to progress, in 

other words the tendency o f your diseased gums to 

form germ-catching pockets, ail that  -  the sum o f 

dental picture and psyche- betrays you: stored up 

violence, murderous designs. "

Gunter Grass (1970)



This thesis explores some future public health scenarios of the time required to 

remove dental calculus in populations. The scenarios are based upon the probable 

effects of changing demography, behavioural factors such as rates of smoking and, 

most importantly, therapeutic measures such as anti-calculus agents and toothpastes 

on patterns of dental calculus.

The experience that stimulated work on the problem to be studied are the mistakes 

made by dental planners in not recognising the cumulative effects of the benefits of 

the fluoride toothpastes despite the knowledge that they reduced caries. Nobody 

developed scenarios to assess the effects of virtually universal use of fluoride 

toothpastes in industrialised countries on future needs for dental personnel. A parallel 

situation may occur with the development of anti-tartar agents and toothpastes. Some 

of them are effective and there is an increase use in Britain of agents that reduce 

calculus (Market Intelligence, 1998). The increasing rates of use of anti-tartar agents 

and toothpastes may have major effects on patterns of calculus and therefore the need 

for scaling. The questions that arise are therefore;

1. "What future scenarios are probable with differing levels of use of anti-tartar 

agents in populations who are retaining their teeth for longer and smoking fewer 

cigarettes?"

2. "What effects may the trends in calculus have on time and manpower required to 

scale teeth?"

One of the criteria for a condition being a public health problem is the costs to the 

individual and the community. Are they great or small? Treatment for calculus is 

costly. On cost criteria alone, calculus is a public health problem. Because of the high 

cumulative cost of its removal, it was considered worth exploring the possible



impacts of the trends in calculus levels and the impacts of therapeutic and behavioural 

changes on the needs for dental scaling. Another criterion is whether there are 

effective and cost effective acceptable methods for treating the condition. Scaling the 

teeth is a very common dental procedure in Britain. But is the treatment effective? In 

an era of evidence based medicine and clinical governance, the justification for 

carrying out clinical procedures is being questioned. Therefore, before addressing the 

two questions mentioned earlier it was considered to be worth briefly reviewing the 

justification for the widespread recommendation for regular scalings and some 

concepts relating to the costs of scaling.

There is uncertainty about the causal role of calculus in periodontal diseases and a 

debate about the health gain of scaling the teeth. In spite of the debatable pathogenic 

role of calculus, all assessments of periodontal treatment need still include calculus 

removal on a regular basis by professionals as a component of treatment (The 

American Academy of Periodontology, 1996; WHO, 1978). This kind of routine 

professional intervention to ensure personal hygiene does not occur in general health 

care. There is no part of the human body, except the teeth, for which regular cleaning 

by professionals is recommended.

In this thesis, the American Academy of Periodontology (1989) definition of 

scaling, is used, namely "the instrumentation of the crown and root surfaces to 

remove bacterial plaque, calculus, and (extrinsic) stains from the surfaces". That is 

what is commonly referred to as scaling, scaling and polishing, or oral prophylaxis. 

Scaling plus (root) planing, as part of treatment of existing periodontal disease is not 

included in this thesis. This thesis addresses the more common routine removal of all 

calculus usually done by general dental practitioners or hygienists. Despite the lower



Reconsidering the importance of calculus

cost of scaling compared to scaling and root planing, because of the high volume of 

scaling, routine calculus removal is more expensive. Therefore, the costs and 

expenditures discussed below refer to this procedure. Throughout this thesis scaling 

refers to removal of both subgingival and supragingival calculus i.e. total calculus 

removal. In the case of severe periodontal disease with deep pockets, scaling refers to 

removal of accessible calculus. Before considering the costs in money and in time to 

do scaling it is worth briefly reviewing the importance of calculus.

1.1 Reconsidering the importance of calculus
Routine scaling is done because it is believed to be beneficial. But there are 

reasons to question this belief (Selikowitz, 1987; Ritchie, 1979; Frandsen, 1986; 

Sheiham, 1991; Addy and Koltai, 1994). What is the evidence that scaling is 

beneficial? A rational view of the role of scaling was presented by Addy and Koltai 

(1994). Addy and Koltai (1994) reviewed the limitations and iatrogenic potential of 

dental scaling to remove calculus. They list six points against scaling:

1. The effect of scaling is temporary lasting three to six months.

2. Scaling can be a painful procedure and can result in cervical sensitivity.

3. Scaling can lead to damage of soft tissue, both reversible as in the case of gingi

val tissue damage and irreversible as in the case of loss of attachment.

4. Scaling can result in damage and loss of dental hard tissues.

5. Scaling can cause bacteraemia and in susceptible individuals, like those on anti

coagulants, can cause bleeding.

6. Scaling can increase the risk of cross infection.

In addition to the points listed by Addy and Koltai (1994) there is another facet to 

the problems of professional calculus removal. Knowledge about calculus is full of
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gaps as emphasised by major reviews on dental calculus (Schroeder, 1969; Mandel 

and Gaffar, 1986). A reason for the decrease in research on calculus to answer the 

questions raised in reviews is the increased attention placed on dental plaque (Mandel 

and Gaffar, 1986).

1.2 Cost of removal of calculus
A formal costing of calculus removal should include material and manpower costs, 

costs of setting up and maintaining clinics, costs incurred by the patient, and the 

health cost, for example due to iatrogenesis, costs related to loss of opportunity, and 

social costs. Such a costing exercise is not feasible here or necessary according to the 

aims and objectives of this thesis. However, the magnitude of costs involved in 

calculus removal is illustrated with examples.

Cost potential is the cost that could be incurred, if one accepted the premise that 

routine removal of calculus is necessary. This quantity is related to the incidence and 

prevalence of calculus. With respect to populations, "no population or major group of 

individuals have yet been seen who, in the absence of active prevention or removal, 

go through life without calculus" (Komman and Loe, 1993). In the WHO Global 

Dental Health Data Bank, in the majority of the studies reported, over 90 percent of 

adults had calculus requiring dental hygiene instruction and professional calculus 

removal (Miyazaki et al., 1991a,b; Pilot et al., 1992). The cost of professional 

calculus removal would be beyond the national resources of most poor countries.
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1.2.1 Expenditure on calculus removal

Even though the full cost potential of calculus has never been met, the amount 

individuals and national health services spend on calculus removal is very high. For 

example in USA, the three commonest dental services completed by private 

practioners were, dental examination, prophylaxis and bitewing x-rays (ADA, 1990). 

They did 191 million prophylaxes in 1990.

Unlike the USA where the dental treatment is privately funded either directly or 

indirectly through insurance, in the UK a large portion of dental treatment is done 

under the National Health Service and because of this, the expenditure on dental 

treatment has a greater national economic connotation. The cost of dental treatment to 

the National Health Service in UK was 1.3 billion pounds in 1997/98. In 1997/98 

about 109.3 million pounds were spent on scaling and polishing in the absence of 

periodontal disease. That was two-thirds of the expenditure for treatment of 

periodontal disease (Dental Practice Board, 1998).

To summarise the arguments up until now, the cost of calculus, whether in terms of 

cost potential or expenditure, is large. While scaling like other routine procedures 

may be inexpensive compared to complex dental treatments, the cumulative cost is 

substantial. Though the cost of calculus in terms of money and time were discussed 

together, the time, routine removal of calculus takes dentists and patients is more 

significant and is substantial. Nevertheless, it is the large monetary cost of scaling that 

makes dental calculus an interesting public health problem. Although, evaluating the 

benefits of scaling is not an objective in this study, it is worth reviewing the role of 

calculus and the impact of scaling on periodontal health to assess whether the 

measures to reduce calculus and the need for scaling are worthwhile.
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1.2.2 Opportunity costs of calculus removal

Usually, budgetary goals are met by taking from Paul to pay Peter. The £110 

million, the NHS in UK spends annually on routine calculus removal may have other 

potential uses. The time spent on it is very significant. If some of that time could be 

saved and used for other treatments, the benefits may be considerable. And, as 

mentioned earlier, scaling takes up much dental chairside time. For example, 33 

percent of the composite time value for dental treatment in the US military service

was for calculus removal (TSCOHS web site^)

The problem of dental calculus was presented above mainly in terms of costs of its 

removal but the discussion is not complete without discussing the factors that can 

affect these costs. That is done below, looking at four factors that can influence dental 

calculus: changes in demography, changes in health behaviours, changes in lifestyle 

and advances in technology.

1.3 Factors that can affect the cost of calculus 
removal

Perhaps the most significant change in human history in the last century is the 

increase in the human life expectancy. The impact of this on demography is to 

increase the number of older adults in populations. This demographic transition has a 

direct impact on dental calculus prevalence and incidence. All the epidemiological 

studies show almost a linear relationship between age and calculus formation. As the 

population ages, one could expect the number of people with dental calculus to 

increase. This trend exists irrespective of the type of measure used. The positive

1. http://www.usuhs.mil/tscohs/HomePage.htm. The report o f the study was accessed in 1999, 
but now has been removed. Chisick et al., 1997 and Chisick et al., 1998 give partial 
results.

http://www.usuhs.mil/tscohs/HomePage.htm
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slopes of the trend lines suggest that the rate of calculus formation may be more in 

older age groups so that the age related increase in the prevalence of calculus may 

represent prolonged accumulation of calculus with increased propensity to form it. In 

addition to the aging of the population there is an increase in the numbers of people. 

The twentieth century saw a four fold increase in the human population. These 

increases are more pronounced in developing countries where there is a greater 

prevalence of calculus. A third demographic transition is globalisation and resultant 

population shifts. Developed countries face additions to their population from 

immigrants, many of them from population groups that have a higher prevalence of 

calculus. The impact of these demographic changes is to increase the cost potential of 

calculus removal.

The greater life expectancy people enjoy now is partly due to changes in health 

behaviours and life style. There is a greater awareness for adopting healthy 

behaviours and lifestyles. With respect to dental calculus, a health behaviour that has 

direct impact is dental hygiene practices. There are indications that people tend to 

adopt better dental hygiene practices now. Better evidence exists for adoption of 

healthier lifestyles. The most significant lifestyle factor that influences dental 

calculus, is smoking. People who smoke are more prone for dental calculus in 

addition to extrinsic staining (Ismail et al., 1983). Both of these elements, calculus 

and stain, are considered indications for scaling. However, in developed countries, 

there is a decline in smoking and the general health effect of this is already visible 

(WHO, 1997). These transitions in health behaviour and lifestyle can reduce the cost 

potential of calculus removal. Conversely, the expenditure on calculus removal may 

still remain high with a very health aware population perceiving a greater need for 

professional calculus removal.
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The fourth factor, to be considered is the technological developments that can 

influence dental calculus. In dentistry, we have an example of technological 

developments altering the treatment needs for a disease, namely, fluoride toothpastes 

and their beneficial effects on dental caries. A development parallel to this is the 

growth in the market for anti-calculus toothpastes and mouth rinses. Anti-calculus 

formulations were first developed in early 1950s. While earlier attempts were directed 

towards the dissolution of the calculus deposits, to interfere with plaque attachment, 

to inhibit plaque or to disrupt plaque matrix, in the 1970s attention was directed 

towards crystal growth inhibitors and this remains the major strategy. More popular 

dentifrice formulations contain zinc citrate, pyrophosphate or PVM/MA copolymer as 

calculus inhibitors. They are combined with triclosan or stannous fluoride both of 

which have antibacterial actions. So, in fact, the aim is to create 'multibenefit' 

dentifrices acting against plaque, calculus and gingivitis, and caries.

The six-point indictment of dental scaling by Addy and Koltai (1994) was also the 

endorsement of anti-tartar toothpastes. If the regular use of these toothpastes resulted 

in reduction in calculus, then people need not be exposed to discomfort from scaling, 

damage to hard and soft tissues, bacteraemia, bleeding and cross infection. Moreover, 

the toothpastes seem to have the greatest benefit where the greatest need exists. "The 

effects [of dental scaling] to both the soft and hard tissues would be of the greatest 

concern to the moderate to heavy calculus formers. In this respect, it is worthy of note 

that these individuals derive the greater quantitative benefit from anti-tartar 

toothpastes" (Addy and Koltai, 1994).

The public acceptance of anti-calculus toothpastes seems to be increasing. Thirty 

five percent of toothpastes sold in USA and UK were anti-calculus toothpastes. It is
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safe to assume that about a third of the toothpastes being sold now is anti-calculus 

toothpastes (Market Intelligence, 1998). With the trend to develop multi-benefit 

dentifrices, we can expect that in future tartar control agents will be regular 

constituents of the toothpastes. Thus, if these toothpastes deliver what has been 

claimed on their behalf, they could have a great impact on dental calculus and the cost 

potential of its removal.

1.4 Summary: The problem of dental calculus
Because dental calculus has a high impact on health care costs in terms of money 

and time, and because calculus is almost universally present in dentate humans and 

calculus removal is practised universally, it was considered to be worth exploring 

possible future scenarios of what may happen to the time required to scale populations 

if there are changes in four factors which may affect the future distribution and 

severity of calculus. The four factors are: an increasing and ageing population, 

improving dental hygiene, decline in prevalence of smoking and lastly, the 

development and wide scale use of anti-calculus toothpastes.

Traditionally, the problem would have been stated in terms of clinical effects and 

cost benefit analyses. The approach taken here is a broader population perspective 

and it provides the setting for this research.

To achieve the main objective of the research required a number of detailed 

preliminary analyses to provide the building blocks for the scenarios. The data 

required for the scenarios are:

1. Detailed statistics on different levels of total calculus in people in the main pop

ulation demographic categories, namely, age, sex, and socio-economic status. For

10
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this analysis data from three recent national dental epidemiological surveys will be 

used (Chapter 5).

2. Levels of total calculus in populations by behavioural factors such as tooth- 

brushing frequency, cigarette smoking, and dental attendance (Chapter 5). These 

data were required because they have been shown to affect total calculus levels.

3. In order to gain insights into the possible trends in calculus levels over time, 

reanalysed data from the Jonkoping (Sweden) study, a large representative sample 

examined at 10-year intervals, were used.

The above mentioned analyses required each factor to be adjusted for all other 

factors, so that the contribution of the factor in question could be ascertained for 

including in the scenario modelling. The published results from the surveys used in 

this thesis did not include this level of precision.

4. An important underlying assumption in this thesis is that there may be an analo

gous effect of anti-tartar toothpastes to that which has occurred for fluoride tooth

pastes and dental caries. Therefore a meta-analysis of the effects of anti-tartar 

toothpastes was essential to calculate the possible effects on calculus if differing 

proportions of the population use such toothpastes (Chapter 6).

5. The main aim of this research is to estimate future dental scaling times under 

different scenarios. Thus an analysis of studies estimating scaling times in diverse 

populations was needed to calculate the scaling times for different teeth (Chapter

7).

The data gleaned from the above mentioned analyses were then used to calculate 

population scaling times for the United Kingdom and the United States of America 

adult populations and test different scenarios (Chapters 8 and 9).

11
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Figure 1.1 is a flowchart of the main steps of this research. A formal statement of 

the aims and objectives follows:

The aim of the studies in this thesis is to estimate future scaling times for 

populations based upon models of future scenarios constructed on the basis of 

the population trends in dental calculus levels and tooth retention rates, changes 

in demography, smoking rates and health behaviours like toothbrushing, dental 

attendance and use of anti-calculus dentifrices.

To achieve this aim the following objectives were formulated:

1. To establish the age and sex distribution of calculus in the United Kingdom 

and the United States of America adult populations.

2. To assess the association of calculus levels with socio-economic and behav

ioural factors.

3. To determine the trends in calculus over time.

4. To carry out a systematic review of the clinical trials studying the effective

ness of dentifrices containing anti-calculus agents.

The following objectives are directly connected to the aim of the thesis:

5. To estimate scaling times in the adult populations of the United Kingdom 

and the United States of America and the impact of socio-economic and 

behavioural factors on scaling times.

6. To estimate population-scaling times under different scenarios of changing 

patterns of cigarette smoking and use of anti-calculus toothpastes.

12
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Table 1.1 Flowchart of the main stages of the resarch

r OBJECTIVES [^ G Ë S ^ ^ ^ R Ë S Ë Â R C H ^

Building scenarios

Conclusions and implications

4. To carry out a systematic re\iew of the 
effectiveness of anti-calculus dentifrices

Estimation o f  scaling times for the UK and 
the USA populations.

Assessment o f  anti-calculus dentifiices: 
Systematic review o f  clinical trials

Assessment o f  adjusted calculus levels: by 
demographic, by behavioural fee tors and 

by time periods (trends)

5. To estimate scaling times in the adult 
populations of the UK and the USA and the 
impact of socio-economic and tiehaMOural 
factors on scaling times

6. To estimate population-scaling times under 
different scenarios of changing pattems of 
cigarette smoking and use of anti-calculus 
toothpaste

1. To establish the age and sex distribution of 
calculus in the UK and the USA adult 
populations
2. To assess the association of calculus 
levels with socio-economic and behavioural 
factors
3. To determine the trends in calculus over 
time
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Chapter 2

Conceptual frameworks

Concern for man himself and his fa te must 

always form the chief interest o f all 

technical endeavours... in order that 

creations o f  our mind shall be a blessing 

and not a curse to mankind. Never forget 

this in the midst o f your diagrams and

equations.

Albert Einstein, CalTech, 1931
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2.1 Conceptual Models
As the main aim of this thesis is related to scenarios, and scenarios depend upon 

models, this section will discuss some concepts of modelling. For the purpose of 

further discussion, we shall differentiate between conceptual models and planning 

models illustrated with some examples. Conceptual models are representation of the 

concepts about health while planning models are representations that allow decisions 

to be made and actions to be taken.

Models of concepts of health are required that use terms that can be shared in 

planning. An attempt is made here to provide such a framework. The basis of such a 

framework is found in Sheiham and Joffe (1990) when they state:

"There are three groups of interrelated factors: (a) the internal tendencies of the 

individuals that predispose them toward or away from a behaviour; (b) the external 

influences in the environment that favour or oppose the course of actions and (c) 

the inherent attributes of the action itself or object or goal of the action that makes 

it attractive or unattractive to the individual..."

Earlier Cowell and Sheiham (1981) suggested a prevention scale where collective 

and individual measures that will prevent the onset of a disease are ranked higher than 

corrective measures. The following model generalises and formalises the ideas 

expressed therein.

There are two axioms on which a suggested model is built. The first axiom is that 

the structure of the model is such that there exists a nested hierarchy where elements 

are contained within other elements at a higher level. In the case of calculus we could 

describe the hierarchies starting with the site on the tooth, the groups of teeth, the oral

15



Conceptual Models

environment, the subject and so on. A nested hierarchy is different from a linear one 

and from the intersecting or interlinking sets models.

Set models tend to simplify at the cost of details and assume necessity and 

sufficiency of causes. Often they assume equivalence among the factors. Hierarchies 

are better in the sense that there is an inherent order, which allows prioritisation, but 

linear hierarchies have the shortcoming of directionality. Conversely, nested 

hierarchies retain the order and assume that change anywhere in the system will 

influence the whole. It also allows non-linear relationships to exist. The ideas of 

hierarchical models are not new. Miller (1978) proposed a general theory of living 

system where he used seven hierarchical levels starting with the cell and ending with 

supemational systems. He also proposed 19 critical subsystems. Though his system is 

attractive, the complexity, exclusion of abiotic elements and the apparent linearity 

makes it difficult to be used practically and is different from what is suggested here. 

More akin to the model suggested here is the Governance system suggested by 

Dorcey (1991). Dorcey's model was developed for analysing sustainability of British 

Columbia's Fraser River Basin and thus a planning model, allowing for decisions to 

be made and actions to be taken.

Hierarchy, as it is used here, should be explained. Usually hierarchy follows from 

form and/or function. Thus in Miller's theory each level in the hierarchy is larger than 

the ones below them (Miller, 1978). In the present context hierarchy is defined on the 

basis of value judgements in the spirit of Cowell and Sheiham (1981). However, this 

does not mean that form and function criteria cannot be applied or do not apply and in 

most cases the value judgements are influenced by these factors.

16
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The second axiom is that any event in the systems consists of the interaction 

between three factors namely propensity, propinquity and processes. The three words 

are used with the full spectrum of meanings associated with them. Propensity refers to 

disposition and bias as well as competence and ability. Propinquity refers to affinity 

and relationship as well as vicinity and proximity. Process refers to actions, 

transformations and transitions and also incorporates the concept of time. 

Generalising, this is to state that events take place in a system due to behaviours and 

actions within the framework of its space-time.

Applying this model to calculus formation on the lingual surface of lower incisors, 

propensity is decided by the physicochemical factors like the local pH, propinquity by 

proximity to the opening of submandibular duct and the process by the precipitation 

of calcium phosphate salts. At an outer level in the hierarchy, the subject, a person 

may be inclined to smoke, reinforced by the company he keeps. In addition to the act 

of smoking, processes will involve changes in his physiology, which increases the 

calculus deposition at the lingual surface of lower anterior teeth.

The notion that factors at one level of hierarchy can influence factors at another is 

important for this conceptual framework. In the above example, change in process at 

subject level altered the propensity at the site. Consider the example of a person 

choosing to use a anti tartar toothpaste. This is a change in propensity at subject level 

and it can alter the process at the site by inhibiting calculus formation. Suppose the 

market is flooded with tartar control pastes, which is a process at population level. 

This alters the propinquity for the individual and he may be biased towards choosing 

the easily available tartar control paste.

17
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The model presented here, which will be referred to as P3-Multilevel for obvious 

reasons, allows the planner to identify factors to be considered for measurement and 

intervention. It is possible to map factors across the levels and study the changes in 

the system as a whole as a result of manipulation of one or more factors at another 

level. Using the example given above, increasing the market share of tartar control 

pastes (population level process) increases the availability of those to the individual 

(altered propinquity) and may lead her to buy and use them (change in propensity) 

which results in inhibition of calculus formation at the site (site level process). From a 

planner's point of view, altering the plaque characteristics (propensity) or proximity to 

submandibular gland duct (propinquity) is not feasible leaving the choice of altering 

the process of calculus formation. Similarly compared to altering individual 

propensities using education or other means, it is easier to increase the market share 

of these toothpastes.

The factor mapping will be an important tool to identify points of change by the 

planner. This is so because propensities, propinquity and processes are not equally 

amenable to change across the levels. Thus the model can prioritise items for 

planning. However, factor mapping should not be confused with the existence of 

linear relationships between mapped factors. Such relationship may exist or may not. 

Similarly the mapping may be bi-directional. In the above example a reduction in the 

individual propensity to buy tartar control toothpastes can lead to a reduction in their 

market share (reduction in demand, in turn, controlling supply). The direction of 

arrow is reversed. Where such relationships and directionality exists factor mapping 

can be transformed into a path analysis.
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It is possible with in the setting of the model, to allow branching. Thus two levels 

may share a common outer level, e.g. [A[B[D],C[E]]]. Mapping such branching 

hierarchy helps in identifying common factors that in turn incorporates the concept of 

common risk factor approach into planning (Sheiham and Watt, 2000). Smoking, for 

example, is a risk factor to calculus, periodontal diseases, cardiovascular diseases, and 

lung and oral cancers.

What is not assumed in the P3-Multilevel model is the existence of a unique, 

universal model. No attempt is made to describe all the levels and all factors with in 

each level that might exist in defining health. Such an endeavour will lead to 

dismissal of all those factors not included as in the case of biomedical model of 

health, or towards obfuscation and indefinable terms as in the case of many ecological 

models. Only two principles are advocated: 1) recognise the existence of nested 

hierarchies in a situation and 2) every event includes the interaction of the three 

factors. The model also fulfils the criteria of operationalisation and prioritisation. It 

can suggest actions and it can set priorities when clear definitions are provided (e.g. 

Cowell and Sheiham, 1981). The model legitimises uncertainty accepting that we can 

have only a stochastic vision of the 'true' world. In this respect it shares the 

imperatives of the evidence-based approach.

The postulates in this study and the corresponding P3-Multilevel models are:

a. A population level change in the availability of dentifrices that controls calculus 

will increase their utilization at the individual level producing a reduction of calcu

lus at dental sites through altering the calcification of plaque (Figure 2.1).

b. As individual general and oral hygiene behaviours improve, frequency of brush

ing increases, which reduces calculus formation. The model also tries to show that
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Figure 2.1 Model describing adoption of anti-calculus dentifrices

PropensityPropensity
Propensity

Reduced plaque, gingivitis
Adoption o f  tartar control 

toothpaste '

PropinquityPropinquity
Propinquity

Increased crystal growth 
inhibitors in saliva, anti

plaque agents

Greater demand for tartar 
control toothpaste Increased availability o f  

tartar control toothpaste

ProcessesPrtxesses
Processes

Reduced calculus formationIncreased supply o f  tartar 
control toothpaste

Dental SitePopulation Individual

Figure 2.2 Model describing improvement in oral hygiene practices
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Figure 2.3 Model describing reduction in smoking

Propensity
Propensity
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Changes in saliva
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Individual
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the change in oral hygiene behaviour may lead to greater availability of toothpastes 

beneficial against calculus (Figure2.2).

c. As individuals stop smoking, partly due to changing social norms, calculus 

reduces at dental sites (Figure 2.3).

A further postulate of the study is that the reduction in calculus predicated on the 

three models described above will lead to reduction in need for professional removal 

of calculus. This reduction is expected to be at the level of the population rather than 

the individual. That is, instead of all individual needs being reduced to a certain level, 

it is assumed that individual variations may exist but the average level of calculus in 

the population will be reduced. The mechanism through which this average reduction 

transi
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2.2 The Rose Principle
The major force through which the changes are to take place in this study is termed 

as the Rose Principle (Rose, 1992). In a series of papers and a book Geoffrey Rose 

described the whole population approach to prevention. In his own words:

"The essential determinants of the health of society are thus to be found in its mass 

characteristics: the deviant minority can only be understood when seen in societal 

context, and effective prevention requires changes which involve the population as 

a whole." (Rose, 1992, p vii)

But these concepts run against the grain of the health profession. For centuries 

sickness has been individualised and sick people have been set apart from the healthy 

plurality. Like expert mechanics the healers repair, replace and research the 

clockworks of human body. They isolate man from mankind. Rose reminds us about 

the larger context of the society.

Many ideas Rose used to build the case for population prevention have existed 

before he wrote his book. For example, the concept of a single distribution has been 

described by Lederman in relation to alcoholism and is still discussed in literature 

pertaining to alcoholism (Miller and Agnew, 1974). Similarly, the concept of an 

epidemiological transition, as in the Hong Kong example, was postulated by Abdel 

Omran in the 1980s (Omran, 1982). But it was Rose, who combined and codified 

such ideas into a viable strategy for prevention. In the following discussion, a formal 

description of Rose's rationale for this strategy is presented (Figure 2.4).

What is called the Rose principle here is based on certain 'laws', which Rose has 

described (but not in terms as laws) (Rose, 1981, 1985, 1992; Rose and Day, 1990). If 

these 'laws' are not satisfied then there is very little chance that the principle will
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Figure 2.4 Diagrammatic representation of principles of Rose (1992)

The Rose Principle

RJ^^ontinuum

Risk step

CASES

Exposure Exposed hut non-cases

work. One of these 'laws' is that the risk and the exposure are continuums. 

(Continuum should not be taken to imply a continuous measure; the measure may be 

an ordered categorical one measuring a latent quantitative value). Another 'law' is that 

there is a dose-effect relationship between exposure and risk. Two other 'laws' to be 

satisfied are that the exposure to effect relation must be causal and that it should be 

reversible. Most of the phenomena in nature develop through a series of steps. When 

such a continuum is partitioned, as it is often done in definitions of cases and 

definitions of thresholds of exposure, a large amount of the phenomenon tend to be 

ignored. Rose shows that in the situation of a continuum of exposure and a related 

continuum of risk, the mean value of the risk can predict the number of 'deviants' or 

cases (Rose and Day, 1990). This relationship continues to exist even when the 

'deviants' were excluded from the calculation of population averages (Rose and Day,

1990). There are three conclusions to be drawn from this finding. With respect to
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mental health, Rose (1992) described them as: "The first is there is a characteristic of 

a community considered as a whole, namely its overall mental health; this is 

measured by its average score. Second, this collective characteristic shows large 

differences between regions, and between income groups. These differences result 

from shifts of entire distribution, with little change in dispersion. Third, differences in 

the prevalence of 'mental illness' reflect the differing states of mental health of their 

parent communities. The visible part of the iceberg (prevalence) is a function of its 

total mass (the population average)" (Rose, 1992 p70-72). You may replace mental 

health with any other concept that satisfies the four 'laws' and reach the same 

conclusions.

It is this observation and its graphical representation that have been used to 

illustrate the population strategy. According to this, cases represent the tail of a 

distribution of exposed peopled beyond a defined threshold. Since the risk is a 

continuum, there is a large number of people who are at risk just below the threshold 

level. In a population, the number of people in this sub-threshold stratum will be very 

large compared to the cases. And since the exposure is a continuum, a slight reduction 

in exposure levels, with concomitant reduction in the mean, leads to a shift of the 

distribution of exposure to the right, which in turn leads to a large reduction in the 

number of cases.

It must be stressed that Rose was describing distributions of exposure, not those of 

disease (Figure 6.5 in Rose, 1992). The confusion in this respect has led the 

proponents of high-risk strategy in dentistry to discount population strategy by 

claiming that most of the burden of dental diseases is concentrated in a small 

proportion of the population (the eighty - twenty divide). The 80-20 ratio is often
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based on a fundamental flaw in measurement. To illustrate with the example of dental 

caries, the risk is measured in terms of individuals exposed while 'cases' are 

enumerated as number of teeth or sites, which strictly is a measure of severity of 

dental caries than prevalence of individuals with dental caries. If we assume that 

individual DMFT, a measure of dental caries, is also a measure of exposure to the risk 

of dental caries due to a dose-response relationship, then according to the Rose 

principle, the mean DMFT should predict prevalence of individuals with at least 1 

DMFT. Even before Rose and Day (1990), this relationship was known to the dental 

profession as the Knutson's formula (Knutson, 1958).

When the exposure is a continuum (from the dose effect relationship it follows that 

risk also will be a continuum), the high-risk strategy can never work because:

1) At the individual level, zero risk is possible only with zero exposure, and

2) At the population level, risk increases with cumulative distribution of exposure.

More simply, when the exposure and risk are a continuum, it will be impossible to 

predict which individual will be in the 20 percent group who will develop most 

disease and if such predictions are possible, then, the risk will no more be a 

continuum. What the Rose principle implies is that the cumulative weight of the small 

risks in a population outweighs the benefits of concentrating on the high end of the 

spectrum. The examples Rose used produced distribution of exposures that are 

normal. However such normal distribution of exposures may not always exist. For 

example, exposure to sugar, measured as weight, may be described by a normal 

distribution, but exposure to life events will be an exponential Poisson distribution 

(because they are event counts).
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2.3 Summary
The two concepts described in this chapter deals with two issues concerning this 

thesis. The first concept was necessary to develop an operational framework for what 

could be called as the 'hypotheses' of this thesis. It presents a paradigm of nested 

hierarchical systems that makes macro-planning easier using micro-level data. In this 

thesis, individual level data are used to model population level scenarios. The second 

concept, the Rose principle, is offered as the motive force, which will bring the 

changes about in the models described in the second part. Thus, a small change in 

population averages may lead to large changes at the individual level.

Underlying these two concepts is the common theme, a shift from mechanical, 

deterministic worldview often called Newtonian (or Cartesian in medical literature) to 

an evolving, stochastic worldview which is often called ecological but can, 

eponymously, be called Darwinian. In the former, oral calculus will have no place in 

the schema of periodontal diseases, the models will be based on reductionist 

regression formulas and changes will be brought out by single agency, be it the 

individual or the society. In the latter, history and therefore time will have a role. 

Complex models based on probabilities and contexts will be used and changes will be 

driven by iterative, multiagent interactions. A hallmark of the Darwinian paradigm is 

the acceptance of the existence of uncertainty and in health sciences this has led to the 

evidence-based approach. Therefore, in this thesis epidemiological and systematic 

review techniques are used to collect the evidence to build and test the scenarios about 

changes in calculus level and treatment need. A more formal listing of the objectives 

of this thesis was given at the end of Chapter 1.
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Chapter 3

Epidemiology of dental ealeulus: A review 
of literature

...nopopulation or major group o f  

individuals have yet been seen who, in the 

absence o f active prevention or removal, go 

through life without calculus.

Komman and Loe, (1993).
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The objective of this chapter is to present a comprehensive review of the

epidemiology of dental calculus^ The review is limited by two factors. The majority 

of studies have presented calculus data as a supplement to information on periodontal 

diseases and the commonly used calculus indices did not differentiate between supra 

and subgingival calculus or place them on an ordinal scale.

This chapter starts with reviewing earlier reviews on calculus epidemiology. This 

review of reviews is limited to those published in English. Then the review analyses 

the inter- and intrapopulation distributions of calculus and followed by within subject 

differences in its distribution.

3.1 A review of reviews of caicuius epidemiology
The epidemiology of oral calculus has received scant attention from authors of 

textbooks of periodontology (Carranza et al., 1990; Genco et al., 1990), even when 

the author has a special interest in calculus; for example Mandel's contribution in 

Genco et al., 1990. In 1969, Schroeder published the classic text on calculus in which 

he reviewed the epidemiological studies on supragingival and subgingival calculus 

worldwide (Schroeder, 1969). In spite of the fact that, at that time, calculus was still 

considered a prime causative factor for periodontal diseases, the studies Schroeder 

reviewed were short of details like sex distribution of calculus. Nevertheless, these 

studies have been instrumental in establishing concepts about calculus like the 

relationship of calculus to age. Calculus was present in children but its prevalence 

increased with age, until the end of the fourth decade of life when a plateau was 

reached. The severity of the calculus increased linearly with age. That was attributed

1. In Appendix A, a brief description about the types o f dental calculus, the differences between them 
and a note on calculus formation and inhibition are presented. It also includes a brief description of 
different indices used to measure calculus.
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to accumulation with time rather than to any enhancement in the ability to form 

calculus with age. Supragingival calculus was more common than subgingival 

calculus and if subgingival calculus was present then it was, more often than not, 

associated with abundant supragingival calculus. The few studies that reported data 

for both the sexes separately did not reveal any significant sex differences in calculus 

prevalence. However the levels of calculus formation were less in females. With the 

exception of a study in Indians (South East Asian), Schroeder (1969) noted that the 

differences between populations were not large. Less privileged populations like 

North - American Indians or those from under-developed countries like Ethiopia and 

Puerto Rico had high calculus prevalence even at a young age, but so did those from 

Sweden, where the calculus prevalence was the highest among the Europeans. 

Schroeder's (1969) review anticipated the future socio-dental researches when he 

stated, "[the] general sociological influences (mode of living, nutrition, and type and 

extend of oral hygiene) probably play a role [in the epidemiology of calculus], but 

very little research has been done on this". Unfortunately, this remains true even 

today.

Soon after Schroeder published his book, the interest in calculus by dental 

researchers declined possibly due to his conclusion that dental plaque played the 

leading role in the pathology of periodontal disease while calculus, which for 

centuries had reigned as the prime cause of gum diseases, was relegated to a 

secondary role. Schroeder, (1969) considered that supragingival calculus, after plaque 

micro-organisms had initiated the process of gingival inflammation, 'provides further 

retention and promotes new plaque accumulation' and subgingival calculus 'is a 

secondary phenomenon; it is not a cause of pocket formation but a concomitant 

manifestation', which promotes the chronicity of the inflammation.
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Mandel and Gaffar (1986) tried to take up where Schroeder left off in a major 

review of calculus. They subdivided the relevant studies in the 15- year period after 

1969 into epidemiological, clinical, morphological and experimental (Mandel and 

Gaffar, 1986). They were eclectic in the selection of studies included in the 

epidemiological section of the review and did not describe the epidemiological 

parameters of calculus. Instead they used the studies to examine the relationship 

between calculus and gingival health.

Mandel and Gaffar (1986) also failed to mention the development of a new index, 

CPITN. In calculus epidemiology, CPITN is very important as it includes the scoring 

of the presence of any calculus and ascribes a relatively high score, '2', on a 4-point 

scale, to it. Adoption of CPITN by oral epidemiologists led to a large number of 

surveys, many of which were ultimately deposited in the WHO Global Oral Data 

Bank (Pilot et al., 1986, 1987, 1992; Pilot and Barmes, 1987; Pilot and Miyazaki, 

1991, Miyazaki et al., 1991a,b) These CPITN studies used 15-19 years, 35-44 years 

and 65-74 years age groups. While in the younger age groups calculus (CPITN score

2) was the predominant periodontal condition (Pilot et al., 1987; Miyazaki et al., 

1991a,b) in older age groups the proportion of sextants with pocketing increased 

(Pilot et a l, 1992). These studies revealed the expected positive relationship between 

age and periodontal conditions. However, they did not substantiate the assumed 

differences in calculus prevalence between developed and developing world. Pilot 

and Miyazaki (1991) analysed a subset of studies for Europe and found that calculus 

removal constituted a large proportion of the periodontal treatment need, suggesting 

that it was prevalent.
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Most of the reviews published after 1986 discuss issues related to calculus control 

(ten Cate, 1989a; Komman and Loe, 1993; Mandel, 1995; White, 1997). Komman 

and Loe (1993) discussed calculus as a local factor in the aetiology of periodontal 

disease in Sri Lankans and Norwegians. They concluded that 'No population or major 

group of individuals have yet been seen who, in the absence of active prevention or 

removal, go through life without calculus' (Komman and Loe, 1993, p. 92).

In 1995, Mandel published an update on prevalence, pathogenicity and prevention 

of calculus (Mandel, 1995). He reported on three epidemiological studies, which 

included two national surveys from USA and the study on natural history of calculus 

in Norwegian and Sri Lankan populations. The conclusions he drew from this partial 

survey is similar to those by White (1997) who also published a review on calculus, 

which, though mainly concemed with pathogenicity of calculus and the clinical trials 

on calculus prevention, also included a comprehensive, albeit small, survey of 

calculus epidemiology in the 1990s. White (1997) noted, on the basis of more than 50 

surveys retrieved using Medline, that prevalence of calculus was around 70 to 100 

percent in almost every population studied. Most of the studies used CPITN and did 

not differentiate between supra- and subgingival calculus. Variables affecting 

calculus prevalence in these studies were age, gender, ethnic background, diet, oral 

hygiene, access to dentistry, diabetes, medications, and presence of mental or physical 

handicaps. Conspicuously absent in the list was smoking. White (1997) was of the 

opinion that the evidence from these studies supports the presence of two models of 

calculus as described by Anemd et al. (1991), namely, calculus levels are determined 

by oral hygiene levels and access to professional dental care.
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This review of reviews highlights the gaps in our knowledge regarding the 

epidemiology of oral calculus and supplies the raison d'etre for the epidemiological 

arm of this study. It also brings out pivotal points in the dental profession’s attitude to 

calculus. Since the time of Hippocrates (400 BC) pitutia or calculus had been 

regarded as the prime cause for gingival diseases. In 1969, Schroeder's authoritative 

text on calculus changed this, relegating calculus to a secondary role. Schroeder’s 

review of calculus epidemiology suggested it to be catholic in presence with no 

preference for the populations in Eastern or Western countries. The declining interest 

in calculus research was reversed by Mandel and Gaffar (1986) who hinted at a 

possible pathogenic role for calculus and used epidemiological evidence to support 

this. The next turning point occurred with the publication of the paper by Ânerud et al. 

(1991) on the natural history of calculus in Norwegian and Sri Lankan populations. 

The results of this study, partitioned the world into two: a part where highly 

developed oral health services and better personal oral hygiene reduces calculus 

prevalence and the other part where inadequate oral health services and poor personal 

oral hygiene leads to the universal presence of large amounts of calculus. Mandel 

(1995) and White (1997) both used the Ânerud et al. (1991) study as the concluding 

part of their review of epidemiology of calculus. The professional opinion shaped by 

Anerud’s study is that calculus prevention involves professional services to remove it 

and aids (like anti-calculus toothpastes) to help people who cannot maintain good oral 

hygiene. This thesis examines the balance between these two factors, how 

professional services, represented by the time required for scaling, will be affected by 

anti-calculus toothpastes.

In the sections below, the main studies, in the years following Schroeder’s review, 

which described the epidemiology of dental calculus, are discussed. The message
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these studies convey are consistent, namely that dental calculus is universally present. 

Calculus levels are affected by demographic factors such as age, sex, education, 

residence, and behaviours like oral hygiene and smoking.

The objective of this review is to describe the factors that affect calculus 

prevalence and incidence as described in the epidemiological studies. Only those that 

elucidate the factors are included. The main reason for this restricted approach is that 

there were only a small number of studies in which calculus was the primary object of 

measurement and subjected to epidemiological analysis. Clinical studies and other 

studies where calculus data may be present are excluded from this review. While 

older studies reported on supragingival, subgingival and mixed types of calculus 

separately more recent epidemiological surveys tend to treat both types of calculus as 

one or supragingival calculus alone. In some cases, as in the NHANES III survey, 

copious amounts of supragingival and specks of subgingival calculus were treated 

alike.

3.2 Interpopulation differences in caicuius
There was a small group of studies, where population comparisons were planned 

and done or where the same investigators studied populations from two different 

countries using the same or comparable criteria. Other sources of information on 

interpopulation differences in calculus epidemiology were studies that reported 

calculus prevalence in different population groups such as immigrants, ethnic 

minorities and those having distinct lifestyles.

In many of these studies, populations from industrialised countries were compared 

with those from developing countries (Greene, 1960; Sheiham, 1969, 1970; Franz and 

Gotze, 1983; Ânerud et al., 1983; Gaare et al., 1989; Anerud et al., 1991). In these
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comparisons, dental calculus levels in the populations from developing countries 

were found to be greater than in the industrialised populations. In a comparison of 

populations from different countries (USA, Norway and Sri Lanka), which were 

matched in age and economic conditions (university students, 19 to 30 years old), 

these population differences in calculus prevalence were demonstrated clearly 

(Ânerud et al., 1983). In the USA, 39% of subjects had a Calculus Index (Cl) of more 

than zero at 19-20 years of age which increased to 61% by 29-30 years while for the 

Norwegians the figures were respectively 19% and 31% (Anerud et al., 1983). The Sri 

Lankan students had a higher prevalence of calculus with 66% at 19-20 years, which 

rose to 85% by 27 years (Ânerud et al., 1983). There were also studies where 

interpopulation differences did not exist (Gaare et al., 1989). The interpopulation 

differences may decrease as older age groups are compared (Sheiham, 1969, 1970).

Cultural factors played a significant role in determining the population differences. 

Among the populations studied by Sheiham (1967), the Ibo speaking Uboma 

villagers, who were over 40 years of age, had less calculus than British populations. 

Similarly, as they grew older, Haitian girls had less calculus while German girls in 

Hamburg showed a significant deterioration in oral hygiene (Frantz and Gotze, 1983).

Further evidence of the influence of cultural factors was found in studies of 

calculus prevalence in ethnically diverse populations within the same country. 

Compared to Europeans, Asians had a relatively greater prevalence and severity 

(number of sites with calculus) of dental calculus (Selikowitz and Gjermo, 1985; 

Selikowitz, 1987; Booth and Ashley, 1989; Dahllof et al., 1991; Cohen et al., 1995). 

Among Asians, Malays had a greater prevalence of calculus than Chinese and those 

from the Indian subcontinent came in between these two groups (Dental

34



Interpopulation differences in calculus

Epidemiological Survey Committee, Ministry of Health, Malaysia, 1972). Asian 

children who were adopted and living in domestic conditions similar to the European 

children did not have any differences in the occurrence of dental calculus (Matsson et 

al., 1997). In the USA, Blacks and Mexican Americans had a higher prevalence of 

dental calculus than white people (Albandar et al., 1996; Albandar and Kingman, 

1999).

Lifestyle was another factor that could produce interpopulation differences in 

dental calculus prevalence, often with paradoxical results. Seventh Day Adventists 

who practiced better oral hygiene had more calculus compared to non-Adventists 

(Holmes and Collier, 1966). On the other hand, Amish, whose oral hygiene practices 

were poor and who rarely sought professional dental care had lower calculus 

prevalence than non-Amish (Bagramian et al., 1993, 1994).

There is an urban-rural divide in the prevalence and severity of calculus. Dental 

calculus was more prevalent in the rural than the urban populations (Greene, 1960; 

RamQord, 1961; Sheiham, 1967; Brandtzaeg and Jamison, 1964; Frencken et al., 

1991; Anaganou-Vareltzides et al., 1996). However, these differences were 

sometimes restricted to a subgroup (Lembariti et al., 1988) or absent (Vignarajah, 

1994; Adegembo and El Angbawi, 1995). An important difference between urban and 

rural populations may be in their oral hygiene habits (Hyssala et al., 1991 ; Addo Yobo 

et al., 1991) but social class differences were considered as the real reason for the 

rural/ urban differences (Addo Yobo et al., 1991).

The differences in calculus between populations may depend on the unit of 

measurement. For example when subjects positive for calculus were considered there 

was not much difference between Norwegians and Sri Lankans; but with teeth or
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surfaces as units of measurement the differences were considerable (Anerud et al.,

1991). Similarly, a lack of differences that was observed when any type of calculus 

was considered disappeared when the two types of calculus were considered 

separately (Gaare et al., 1989). The differences between populations were most 

commonly explained on the basis of access to and utilisation of dental health care 

(Anerud et al., 1983; Anerud et a l, 1991, White, 1997), oral hygiene practices, 

especially interproximally (Anerud et a l, 1983; Anerud et a l, 1991) and diet (Gaare 

et al., 1989; Holmes and Collier, 1966).

3.3 Intra-population differences in caiculus levels
Whereas the preceding review emphasised the differences among different 

populations, defined in terms of geography or ethnicity in the following part of this 

chapter, epidemiological patterns of calculus, which were seen within populations are 

described. Such patterns refer to distribution of calculus according to age, sex, social 

class, education, area of residence, health behaviours like oral hygiene practice and 

lifestyle factors like smoking.

3.3.1 Age and sex distribution of calcuius

Age: Epidemiological studies are unanimous in reporting that dental calculus 

increased with increasing age (Marshal-Day et al., 1955; Everett et al., 1964; 

Sheiham, 1967; Schrôeder, 1969; Suomi et al., 1971; Speake and Malaki, 1981; 

Baelum et al., 1986, 1988; Beiswanger et al., 1989; Frencken et al., 1991). In 

developing countries, dental calculus of both types, could be present in children as 

young as 3 to 4 years (Mumghamba et al., 1995). The increase in dental calculus with 

age followed a trend whereby there was rapid increase in children, a slower but still 

steep rise in younger age groups and finally a slower but still rising prevalence in ages
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beyond 35 to 40 years of age (Sheiham, 1967; Baelum et al., 1988; Beiswanger et al, 

1989; Mumghamba et al. 1995).

The age related increase in calculus occurred under different conditions. For 

example, when measured using different indices (Cutress, 1978), by tooth and 

surfaces (Baelum et al., 1988), in urban and rural populations (Lembariti et al., 1988), 

in different ethnic populations (Dental Epidemiological Survey Committee, Ministry 

of Health, Malaysia, 1972), over periods of time (Cahen et al., 1987; Hugoson et al., 

1980, 1986, 1995) and even when adjusted for different frequencies of toothbrushing 

(Sheiham, 1970). However, the increase with age need not be a smooth trend and 

might have spikes at different ages (Marshal-Day et a l, 1955).

Sex: In the majority of studies males had more calculus than females (Marshal- 

Day et a l, 1955; Sheiham, 1967; Schroeder, 1969; Suomi et a l, 1971; El-Angbawi 

and Younes, 1982; Beiswanger et a l, 1989; Frencken et a l, 1991). Marshal-Day et al. 

(1955) attributed the difference in calculus prevalence between sexes and younger 

and older age groups to more dental visits, more dental prophylaxes and greater 

frequency of brushing for women.

While the age trends were consistent, the sex differences in calculus were more 

irregular. In the cases of the Ibo speaking Nigerians and the Amish, the females had a 

higher prevalence of dental calculus than males (Sheiham, 1967; Bagramian et al, 

1993, 1994). Some of these differences might be due to the way the results were 

presented. For example, Plasschaert et al. (1978) reported that a greater proportion of 

the Dutch female subjects below 35 years had more calculus than males; but when the 

mean calculus score was used, the males had more calculus in every age group. At 

older age groups, the sex differences disappear (Baelum et a l, 1986).
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Beiswanger et al. (1989) reported the result of a six-month incidence study of 

supragingival calculus in which the age and sex relationships for calculus was clearly 

demonstrated. Their data suggested that the rate of calculus formation might be higher 

in older age groups so that the age related increase in the prevalence of calculus might 

represent prolonged accumulation of calculus with increased propensity to form it.

However, using the same quantitative measure, VMI^, Macpherson et al. (1995) did 

not find a significant sex related difference in supragingival calculus prevalence or 

incidence in a multi-centre study in Scotland and Canada.

3.3.2 Socio-economic factors

Educational status and calculus were related in some studies with subjects with 

higher educational attainments having less calculus (Brandtzaeg and Jamison, 1964; 

Horton and Sumnicht, 1967,1968; Plasschaert et a l, 1978). However, the relationship 

between calculus and education was not consistent across all types of analyses 

(Horton and Sumnicht, 1967, 1968). This prompted the authors to suggest that 

salivary chemistry and oral hygiene and factors related to dental health care, density 

of dentists, dental attendance pattern, and receipt of dental prophylaxis could 

confound the relationship (Horton and Sumnicht 1967, 1968).

The presence of a social gradient in the prevalence of calculus was revealed in the 

British Adult Dental Health Surveys (1988: Todd and Lader, 1991; 1998: Statistical 

Office, 1999). A definite increase in calculus was seen as one moves down the social 

class scale with more calculus in Social Classes HIM, IV and V in the surveys. 

Between British Adult Dental Health Surveys there was a reduction in the average

2. Although the paper describing this index (Volpe et a l, 1965) included three authors, Volpe, Man- 
hold and Hazen, this index is descrbed as Volpe-Manhold Index in the literature and this convention 
is followed here.
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number of teeth with calculus and the magnitude of reduction was in inverse relation 

to the social gradient. It was also observed that in 1998, the gradient was flatter than 

that in 1988. Similarly, authors from Ghana concluded that 'the social class 

background of the child, which reflects motivation and awareness for good oral 

health, was the most significant predictor for levels of oral cleanliness and CPITN, 

whereas the method or frequency of cleaning employed were not significant variables' 

(Addo Yobo et al., 1991).

3.3.3 Behavioural Factors

Behavioural factors like oral hygiene practices and utilisation of dental health 

services could affect calculus prevalence. Villa (1968) showed that habitual 

toothbrushing could reduce supragingival calculus. In Western countries 

toothbrushing was practiced by the majority (Sheiham, 1970; Kallestal et al., 1990) 

while in developing countries, other indigenous methods like chewing sticks were 

frequently used (Mengel et al., 1996; Frencken et al., 1991; Sarita and Tuominen,

1992). There was no significant difference in calculus prevalence between toothbrush 

users and users of indigenous methods like chewing stick (Mengel et al., 1996; Sarita 

and Tuominen, 1992). In spite of frequent toothbrushing, most British populations 

had calculus (Sheiham, 1970, Todd and Lader, 1991; Statistical Office, 1999). Similar 

findings were found in Sweden (Kallestal et al, 1990) and Norway (Brandtzaeg and 

Jamison, 1964). However, the number of teeth with calculus was significantly less in 

those who brushed their teeth more frequently (Anaganou-Vareltzides et al., 1981; 

Statistical Office, 1999).

Visiting the dentists more frequently could reduce calculus prevalence. As the 

length of interval since last dental prophylaxis increased, so did the VMI scores for
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supragingival calculus (Beiswanger et al., 1989; Blank et al., 1994). Interestingly, 

Blank et al. (1994) found greater calculus formation in those who had been to the 

dentist most recently. They explained it as the awareness on the part of heavy calculus 

formers that motivate them to seek professional care more often (Blank et al., 1994).

3.3.3.1 Smoking

Smoking is an important lifestyle behavioural factor associated with dental 

calculus. Recent epidemiological studies (Tomar and Asma, 2000; Machuca, 2000; 

Bergstrom et al., 2000; Haber, 1994) and reviews (Tonetti, 1998) looking at smoking 

and periodontal diseases did not include calculus in their assessment of the 

associations. Other studies suggest a relationship between smoking and calculus, but 

obscured it by using indices like CPITN (Shizukuizhi et al., 1998; Taani, 1997; 

Goultschin et al., 1990).

Smokers had a higher prevalence of dental calculus than non-smokers (Brandtzaeg 

and Jamison, 1964; Alexander, 1970; Sheiham, 1971; Kowalski, 1971; Ismail et al., 

1983; Rivera-Hidalgo, 1986; Krall et al., 1997; Bergstrom, 1999). This relationship 

existed even after adjusting for confounding variables like age, sex, race, socio

economic status and oral hygiene practices (Ismail et al., 1983). While Kowalski 

(1971) could not find a dose-response relationship between smoking and calculus, 

Sheiham (1971) suggested the presence of such a relationship. Irish light smokers (1- 

10 cigarettes/day) had less calculus compared to heavy smokers (11 or more 

cigarettes /day) but had more calculus than non-smokers (Sheiham, 1971). Recently, 

lifetime exposure to cigarette smoking (cigarette-years) had been correlated to the 

level of dental calculus (Bergstrom, 1999). Different types of tobacco products had 

varying effects on calculus formation. Cigarette smokers had more calculus than pipe
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or cigar smokers (Feldman et al., 1983; Krall et al., 1997). There was no difference in 

calculus levels in users and non-users of smokeless tobacco (Wolfe and Carlos, 1987).

The increased calculus deposition in smokers cannot be solely attributed to 

increased dental plaque formation. Sheiham (1971) found the Debris Index (DI) in 

smokers was higher than in non-smokers but the DI contribution to the overall Oral 

Hygiene Index (OKI) was less than that of calculus and Bergstrom (1999) reported a 

strong correlation between Plaque Index and supragingival calculus. Increased 

salivation due to smoking might also explain greater amount of calculus formation in 

smokers (Macgregor, 1988).

3.4 Trends in calculus prevalence
Studies suggest that the dental calculus prevalence have declined in the 

industrialised countries (Douglass et al., 1983; Frencken et al., 1991; Todd and Lader, 

1991; Hugoson et al., 1995; Statistical Office, 1999). The three successive surveys in 

Jonkoping, Sweden, demonstrated that supragingival and subgingival calculus 

reduced by about 50%, between 1973 and 1993 (Hugoson et al., 1995). A similar 

decline in calculus in Tanzanian school children was reported by Frencken et al. 

(1991). Between two national surveys in 1960-62 and 1971-74 the Calculus Index 

score in the USA population dropped by 0.1 (Douglass et al., 1983). The two British 

Adult Dental Health Surveys, 1988 and 1998 taken together suggest that prevalence 

of calculus has decreased in Britain (Todd and Lader, 1991; Statistical Office, 1999). 

In Sweden the changes could be due to the intensive restructuring of health care 

services (Hugoson et al., 1995) and in Tanzania, the changes had been attributed to 

government subsidies on toothbrushes promoting better oral hygiene (Frencken et al.,

1991).
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3.5 Prevalence of supragingival and subgingival 
calculus

The studies, reviewed by Schroeder (1969), often reported separately on 

supragingival, subgingival and mixed types of calculus. More recent epidemiological 

surveys tend to treat both types of calculus as one or supragingival calculus alone, or 

in some cases, as in the NHANES III survey, copious amounts of supragingival and 

specks of subgingival calculus were treated alike. Indices measuring a particular type 

of calculus were available for only supragingival calculus (Ennever et al., 1961; 

Volpe et al., 1965; Muhlemann and Villa, 1967). In this section available information 

on the prevalence of specific calculus types is reviewed.

To justify labelling results from some studies as for supra- or subgingival calculus, 

it was necessary to examine the probabilities of co-occurrence of the two types of 

calculus.

Studies that looked at supragingival calculus alone, subgingival alone and both 

types together found that co-occurrence was more common than either type occurring 

alone (Marshall-Day et al., 1955; Mumghamba, 1990). However, while in Boston 

supragingival calculus alone was more common than subgingival calculus alone 

(Marshall-Day et al., 1955), in Tanzania the converse was true (Mumghamba, 1990). 

On the other hand, in three surveys, in African and Asian populations (Tanzanians, 

Kenyans, and Chinese), Baelum and colleagues found that subgingival calculus alone 

was the predominant form compared to supragingival or combined calculus (Baelum 

et al., 1986, 1988, 1997). A strong association between supragingival and subgingival 

calculus had been suggested (Anerud et al, 1991; Corbett and Dawes, 1998).
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On re-analysing the information in the study by Little et al. (1960), the probability 

of subgingival calculus occurring alone in a subject was less than the probability of it 

occurring with supragingival calculus or supragingival calculus occurring alone. 

Similarly, re-analysing the tables in the West Malaysian school oral health survey 

report (Dental Epidemiological Survey Committee, Ministry of Health Malaysia, 

1972), in all ethnic groups, there was a greater tendency for both types to occur 

together, especially at a younger ages. These results have direct implications for using 

data from NHANES III survey. These results suggest that score 2 ("lots of 

supragingival calculus and/or presence of subgingival calculus") could truly represent 

subgingival calculus because the probability of finding lots of supragingival calculus 

without subgingival calculus was very small. However this rule might not hold true in 

the case of differential susceptibility of teeth for the two types of calculus.

Table 3.1, summarises the results of prevalence studies, which had reported supra- 

and subgingival calculus separately. In all instances, supragingival calculus was more 

prevalent than subgingival calculus (Suomi et al., 1971; Anerud et al., 1989; Anerud 

et al., 1991; Albandar and Kingman, 1999). Studies that have compared populations 

from different countries showed that industrialised populations had a lower 

prevalence of both types of dental calculus than those from developing countries 

(Anerud et al., 1989; Anerud et al., 1991). This difference was greater for subgingival 

calculus than supragingival calculus. Similarly, ethnic minorities in industrialised 

societies had more of both supragingival and subgingival calculus than the White 

majority (Albandar and Kingman, 1999). Again the differences were more striking in 

the case of subgingival calculus.
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Table 3.1 Prevalence of supra- and subgingival calculus

Reference Details Calculus
Supragingival Subgingival

Suomi et al., 1971 9-14 years old, 
poor quarters of 
San Francisco, 
USA

56% to 85% 30% to

Anerud et al., 19 to 30 year olds USA: 61.2% 34.5%
1989 in USA, Norway 

and Sri Lanka
Norway: 31.8% 
Sri Lanka: 85.5%

13.9%
68.1%

Anerud et al.. Norway and Sri Sri Lanka: 100% 100%
1991 Lanka Norway: 93% 25%
Albandar and NHANES III Subjects
Kingman, 1999 Non-Hispanic NHW > 90% 51%

White (NEW) NHB >90% 76%
Non-Hispanic 
Blacks (NHB)
Mexican-Ameri
can (MA)

MA >90% 
Teeth 
NHW 47% 
NHB 70% 
MA 63%

73%

24%
49%
42%
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3.6 Rate of formation and incidence of supragingival 
calculus

The rate of formation of supragingival calculus was assessed mainly in studies 

involving small numbers of subjects for the purpose of estimating the time required to 

carry out a clinical trial using a particular index or measurement technique. The 

studies using standardised foil technique suggested that the amount of calculus being 

deposited was constant and this constancy was retained over measurements of 

absolute ash, calcium and phosphate contents (Schroeder, 1969). The calculus 

formation time, which was defined as the time required by the soft deposit to acquire 

75 to 85 percent inorganic content, was between 10 to 20 days (Schroeder, 1969). The 

linearity in deposition of hard and soft deposit was evident and there was a sudden 

increase in mineral content within 48 hours (Schroeder, 1969). After that the rate of 

acquisition of the mineral became more gradual.

Of the two major findings from the foil experiments, the constancy and linearity of 

calculus formation, the first has been substantiated in a more realistic clinical setting. 

Muhler and Ennever (1962) showed that for four successive 3-month periods, the 

pattern and rate of formation of supragingival calculus on the lower incisors was the 

same. Volpe et al. (1969) reproduced similar results, using VMI, in two successive 3- 

month periods. There was no significant difference in the mean scores between the 

measurements and the correlation between them was very high (r= 0.96) (Volpe et al,. 

1969). Contrary to this, the assumption of linearity in the formation of calculus with 

time had to be modified, when clinical studies for longer periods showed that after a 

short period, calculus formation reached a plateau irrespective of the clinical index 

used (Volpe et al., 1969; Conroy and Sturzenberger, 1968).
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Beiswanger et al. (1989) conducted a six-month long incidence study, which 

revealed that the rate of deposition of calculus, measured using VMI, increased with 

age and was more in males than females. The difference between sexes was 

maintained over the age groups. Their data suggested that rate of calculus formation 

might be higher in older age groups. However, Little et al. (1960) and Macpherson et 

al. (1995) did not find a significant sex related difference in supragingival calculus 

formation. A six-month incidence study using VMI in Norwegian and Indonesian 

soldiers revealed that the incidence in Indonesians was almost three times that in 

Norwegians (Gaare et al., 1989). Thus the population differences in supra-gingival 

calculus might not only due to accumulation because of differences in oral hygiene 

and dental health care utilisation, but could also be attributed to different incidence 

rates.

3.6.1 Classification of people on the basis of calculus 
formation

On the basis of supragingival calculus formation, subjects can be classified as no 

calculus formers, slight calculus formers, moderate calculus formers and severe 

calculus formers (Sharawy et al., 1964; Manhold, 1967; Volpe et al., 1969).

Little et al. (1960) found 295 out of 1144 subjects examined were calculus formers 

(25.8 per cent). Among these 42 percent were slight, 34.5 percent moderate and 23.5 

percent heavy supragingival calculus formers. For subgingival calculus, the 

percentages were 34.7, 22.6 and 42.7 respectively for slight, moderate and severe 

calculus formers. There was no age or sex based differences in this distribution. While 

the prevalence of calculus was definitely influenced by age, the rate or intensity of 

calculus formation was not. This suggested that increased calculus prevalence with 

age was the result of accumulation rather than due to increased propensity for calculus
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formation with age. The types of calculus found were also different in the three 

groups. Slight calculus formers had a greater tendency to have supragingival calculus 

alone (as opposed to mixed supra- and subgingival calculus) than moderate or severe 

calculus formers (Little et al. 1960).

3.7 Intra-oral distribution of dental calculus
In populations receiving regular dental care, supragingival calculus had a peak 

prevalence in the lower anterior teeth followed by slightly increased scores in upper 

molars (Alexander, 1971; Suomi et al., 1971; Gaare et al., 1989; Ânerud et al., 1991; 

Corbett and Dawes, 1998). The rest of the dentition had zero or had near zero scores. 

The subgingival calculus, on both jaws, dropped from a peak value in third molars to 

the premolar region and then rose to another peak in the incisor region (Alexander, 

1971; Suomi et al., 1971). Both types of calculus exhibited bilateral symmetry 

(Alexander, 1971).

In a more recent study, Corbett and Dawes (1998) examined the site-specificity of 

supragingival and subgingival calculus. The vestibular surface with maximum 

supragingival calculus was that of right mandibular central incisor. The maxillary 

molars had more vestibular supragingival calculus than mandibular molars. Lingual 

surfaces of the lower anterior teeth had the highest amount of supragingival calculus. 

Subgingival calculus was highest on the lingual surface of left mandibular first 

molars. Subgingival calculus was higher on the lingual than the vestibular surfaces 

exceptions being right mandibular central incisor and left maxillary molars. The 

distribution of subgingival calculus had smaller variation than that of supragingival 

calculus.
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In populations in which the calculus formation was undisturbed by professional 

intervention, all teeth and surfaces tended to have dental calculus (Ânerud et al. 1991; 

Cutress et al., 1982). In two Pacific island populations subgingival calculus was more 

common than supragingival calculus (Cutress et al., 1982). Gaare et al. (1989) found 

that while supragingival calculus was limited to lower anterior teeth in the 

Norwegians, it spread throughout the lower jaw and the molar region in the upper jaw 

of the Indonesians.

The developmental history of intra-oral calculus distribution in Sri Lankan subjects 

provides a reasonable description of the natural history of calculus formation (Anerud 

et al. 1991). In the Sri Lankans, the calculus formation started very soon after the 

eruption of teeth. The first teeth to harbour calculus were the mandibular incisors and 

maxillary molars. By the time the permanent dentition was erupted, except for third 

molars, every child in the study had calculus both supragingival and subgingival. 

Subgingival calculus was first seen in the interproximal surfaces often as an extension 

of already existing supragingival calculus. But in older subjects, subgingival calculus 

was found on all tooth surfaces with no special pattern of predilection. Maxillary 

incisors and bicuspids on both jaws were the most probable teeth to be free of 

calculus. Calculus was most probable to occur in the distal surfaces, followed by 

lingual, mesial, and buccal. In Sri Lanka after 30 years, every surface was almost 

certain to have calculus while in Norway even at 50 years the probabilities were 

around 50% (Anerud et al. 1991).

3.8 Summary
The review of literature looked at the epidemiology of calculus with a population 

perspective. The review was done to identify the prevalence of calculus in different

48



Summary

populations and factors that influence the prevalence. The review revealed that 

calculus was ubiquitous, every population studied showed a high proportion of 

subjects had calculus with no great differences between the populations, categorised 

by development, geography or ethnicity. However, when the sampling units and the 

scales of measurement become finer, like the proportion of teeth with calculus or the 

proportion of sites with calculus, there are differences.

Among the factors, which could influence the prevalence of calculus, age was the 

most prominent. Invariably, in every population examined, calculus increased with 

age. In almost all studies, in every group, females had lower calculus prevalence than 

males. Calculus was less prevalent in high social class groups, groups with higher 

education and in urban populations.

Calculus levels reduced with increasing frequency of tooth cleaning, even when 

indigenous methods like chewing sticks were used. Calculus was more prevalent in 

populations having less access to dental services or in groups who had not visited 

dentists recently. Finally, smokers had a higher prevalence of calculus than non- 

smokers. Thus, the review suggests that age, sex, education, social class, oral hygiene 

practices, utilisation of dental services and smoking can modify prevalence of 

calculus in a population. Ethnic differences in calculus had been reported. However, 

none of the studies addressed the question whether the ethnic differences were the 

result of socio-economic differences.

Calculus started to form within days after prophylaxis and the rate of formation 

was highest in the first week. Then the rate of calcification slowed down, but it might 

proceed at a slow rate as studies relating calculus to time since last dental prophylaxis
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suggest. However, for clinical trials a period of 3 to 6 months would be sufficient to 

elicit differences between controls and test subjects.

Although there were differences among the studies, supra- and subgingival 

calculus tended to occur together when the subject was the unit of measurement. It 

might not be the case if teeth or surfaces were the units of study, especially in the 

industrialised populations. Supragingival calculus was more common on the lingual 

surfaces of lower anterior teeth and buccal surfaces of upper molars. The subgingival 

calculus can be more widely distributed around the dentition. The distribution was 

found to depend on the amount of calculus so that subjects or populations showing 

large amounts of calculus may have calculus of either type on all teeth.
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The review of literature on the epidemiology of dental calculus showed that there 

was no epidemiological study of calculus where all factors were studied together even 

when the information was available. For example, published results from large 

national surveys like NHANES III and British Adult Dental Health Surveys were 

limited to simple bivariate description. The limitations of the above review and 

studies included in it include:

1) the studies belong to a long time period - 1955 to 2000,

2) The studies were of different designs in terms of populations, sample sizes and

calculus indices,

3) When reporting the influence of a factor, no study adjusted for the confounding

effects of other factors, and

4) Data were not presented by numbers of teeth affected per person.

A more detailed statistical analysis of dental calculus epidemiology is necessary to 

develop scenarios of possible future trends in dental calculus prevalence, because 

scenarios are usually built by changing one or two factors influencing calculus 

prevalence. In addition, as scaling times were considered to be affected by the 

numbers of teeth with calculus it was important to gain information of the 

epidemiology of calculus adjusted for numbers of teeth per person. Therefore, in this 

thesis, the data from some large national and regional surveys were subjected to de 

novo analysis to fill in the gaps in the information, which is required for developing 

scenarios. In this chapter, the materials and methods used in the epidemiological 

analysis of calculus are presented.

The objectives of this part of the thesis (Chapters 4 and 5) are:
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1. To establish the age and sex distribution of calculus in the United Kingdom and

the United States of America.

2. To assess the association of calculus levels with socio-economic and behavioural

factors.

3. To determine the trends in calculus over time.

Data from very large data sets from industrialised were used in this thesis. They 

were chosen because the data are representative of national adult populations in 

industrialised countries for which scenarios were going to be developed and the 

survey methods used were reliable. The information on calculus in the data sets was 

in a different format from that in most of the literature reviewed. Therefore, different 

measures for calculus had to be devised and different methods of statistical analysis 

had to be used. The following sections describe the data sets and the epidemiological 

analyses performed on them.

4.1 Description of data sets
The data sets used in this study were:

1. NHANES III, USA 1988-1994.

2. Employed Adults Dental Survey, US, 1986.

3. Adult Dental Health Survey, 1988.

4. Finally, secondary analysis of published data was done, in some cases with 

additional unpublished results on data from a large Regional study in Sweden 

(Hugoson, 1995). Except in the case of Swedish data, all other data were available as 

raw primary data.
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The variables in the major data sets are described below. The raw data were 

extracted and formatted for the purposes of this thesis. Many new variables were 

computed.

4.1.1 National Health and Nutrition Examination Survey III 
(1988-1994)

The NHANES III survey was on a random representative national sample of a non

institutionalised USA population^ The periodontal examination was done only on a 

randomly selected upper quadrant and a randomly selected lower quadrant in each 

subject because the distribution of periodontal disease and calculus were assumed to 

be symmetrical. Therefore, the full mouth scores in NHANES III were calculated by 

doubling the scores reported. Calculus was scored as 1 = supragingival only and 2 = 

large amount of supragingival and/or subgingival calculus. Two measurements were 

made in relation to free gingival margin (FGM). The first measurement recorded the 

distance from the gingival margin to the cemento-enamel junction (CEJ) and the 

second measured from the margin to the floor of the gingival pocket. The difference 

between the two was used as loss of attachment. Again, a negative value for FGM- 

CEJ distance would indicate the presence of gingival recession.

The objective of the epidemiological analysis was to describe the prevalence of 

dental calculus in different subsections of the population and the explanatory 

variables were chosen with this objective in mind. The general variables used were 

age, sex, education, income, ethnicity, dental attendance pattern, last visit to dentist 

and smoking status. Ethnicity was adjusted in all models but results are not presented

1. For details o f survey design and methodology see Drury et al. (1996)
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for it. Smoking status was deduced from the questionnaire. The serum cotinine levels 

were available to validate the reported smoking behaviours.

The socio-economic status (SES) was indicated by a single constructed variable. 

This variable was constructed after recoding household income ratio into 7 groups 

and education attained into 7 groups. For each subject, income and education were 

summed to yield a variable with values ranging between 2 and 14. Based on this 

variable, the subjects were divided into 4 approximately equal groups designated as 

upper, upper middle, lower middle, and lower SES.

The survey design of NHANES III involved clustering, stratification and varying 

probabilities of selection. This complex design demand that data be weighted to 

produce unbiased estimates of population values. In addition to the weighting for the 

unequal probabilities of selection, individuals weight should account for non

response and post-stratification adjustment to align sample with the population level 

at the mid point of the data collection period in each phase. All the analysis was done 

using sample weighting.

A number of publications on dental conditions have emanated from the NHANES 

III survey. Reports relevant to present study are those by Albandar and Kingman, 

(1999) and Tomar and Asma, (2000).

4.1.2 Employed Adults Dental Health Survey. USA, 1986

The Employed Adult Dental Health Survey from the USA included a random 

representative sample of the US population between 15 and 70+ years of age. Only a 

part of the survey data was available. The periodontal measures, including calculus, 

were collected using the same methods as NHANES III and almost all explanatory
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variables except dental attendance pattern and smoking were available. The income 

levels in NHANES III were measured as poverty ratio of household income while in 

this survey the annual earnings in dollars were used. A socio-economic status variable 

was created using the same logic as in NHANES III. The analysis required adjustment 

for study design and therefore sampling weights were used.

As in the case of NHANES III, raw data were used and data were formatted anew 

for the purpose of this thesis.

4.1.3 British Adult Dental Health Survey, 1988

In this national survey all teeth were examined using a CPITN probe^. Upper teeth 

were examined on buccal aspects and lower teeth on their lingual sides. On each tooth 

two sites, mesial and distal were examined, but distal surfaces of third molars were 

not included in the examinations. The CPITN probe was used to judge the pocket 

depth and calculus. Gingivitis was noted as bleeding after probing at the conclusion of 

the examination of each quadrant.

Pocket depth:

0- the entire black portion of the CPITN probe was visible

1- only part of the black portion is visible

2 - none of the black portion is visible

Calculus

8- absent

2. For details o f survey design and methods see Todd and Lader (1991)
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9- present (either sub- or supragingival)

Gingivitis

0 - no bleeding following probing

1- bleeding following probing

The pocket depth score 2 was used in lieu of pocket depth > 4 . 5  mm, in 

calculations involving pocket depth and time required for calculus removal.

The variables selected were age, sex, social class, marital status, education, dental 

attendance pattern, interval since last visit to dentist, and toothbrushing frequency. 

There were no data on ethnicity and income in the survey. On the other hand marital 

status was noted for each subject. The social class was noted for the head of the 

household and for the individual. The social class of the head of the household was 

chosen since social class was not assigned to many individuals especially those who 

are not working. Education was reported as age until which the subjected attended an 

educational institution and as such cannot be compared to the educational attainment 

(US data) that uses the actual years of education. However, a rough approximation 

can be achieved by subtracting 5 (the age at which schooling starts in the UK) from 

the age when education was completed. Information on area of residence was 

available but was not used in the models of calculus prevalence, but was used to 

report area differences in time required to scale.

Considering the complex sample design, all calculations were done using weights 

supplied as a variable in the data set. However compared to NHANES III, the sample 

design effect was smaller in the British Survey.
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4.1.4 Comparability of studies from USA and UK

As cross population comparisons are made, it is important to define the limits to 

which these three data sets are comparable. In terms of study design the US studies 

were more complex, the NHANES III having the most complex design. While the 

British data had social class as a variable that is based on occupation, a similar 

variable constructed for USA data was based on income and education. Ethnicity data 

were available only for USA data sets. Similarly, information on smoking was present 

only in NHANES III and that on toothbrushing in British data only. A major 

difference between the USA and UK studies was that the USA studies used a partial 

examination (a random quadrant fi*om each arch) while in the UK survey the whole 

mouth was examined.

4.2 Calculus outcome measures
In Appendix B, the method and rationale of deriving the new calculus outcome 

measures are described. Based on that discussion, the outcome measures for calculus 

used in this thesis are:

1. Number of teeth with calculus (calculus teeth). A tooth was considered as having 

calculus if any of its surfaces was scored as having calculus. Unless, the index used 

in the collection of data scored supragingival and subgingival calculus separately, 

calculus refers to both types of calculus with no distinction between them. How

ever, in the USA data, score 2 was considered always to include subgingival calcu

lus and therefore was used to measure subgingival calculus.

2. Extent of calculus refers to the proportion of teeth with calculus in the dentition. 

The extent was calculated by dividing the number of teeth with calculus by the 

total number of teeth present.
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3. A subject level, dichotomous measure, grouping subject into 'high' and 'low' cal

culus group. The 'high' group was defined as having extent of calculus more than

0.33. The 'low' group included subjects with extent of calculus from 0 to 0.33.

4.3 Choice of statistical models
The three outcome variables described above belong to three different types of 

variables. The number of teeth with calculus was a discrete count variable, the extent 

of calculus was continuous but bounded with in the range 0 to 1 and 'high' calculus 

was a binary variable. Of these, extent of calculus was not modelled because it did not 

satisfy many of the assumptions of linear regression and will be severely confounded 

by the number of teeth present in the mouth. In addition, the number of calculus teeth 

and the 'high' calculus grouping would cover the same results.

The selection of statistical model was based on the assumed processes that 

generated the data.

1. The number of teeth with calculus was considered to be generated by a Poisson

process with overdispersion and analysed using negative binomial regression.

2. The variable ‘high calculus’ was binary and analysed using logistic regression.

3. The probit analysis was used to analyse grouped results from the Swedish data.

In Appendix B, a more detailed description of the statistical methods used is given.

The role of regression techniques in this thesis was one of model-based adjustment 

of confounding and therefore limited. The regression models were used so that 

calculus prevalence in groups defined by one explanatory variable could be expressed 

after adjusting for other explanatory variables. Therefore these regression models 

would include only the explanatory variables of interest. A consequence of this was
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the model fit obtained in the regression models here might not be the best. Similarly, 

no attempt was made to use step-wise selection of variables. All variables included 

were considered as important for the purpose of this thesis and used in the model.

4.4 Grouped data from Jonkoping surveys, Sweden
The sources of grouped results were the published reports of the survey (Hugoson 

et al., 1995) supplemented by unpublished data and results made available by 

Professor Hugoson. The supplementary results were limited to 1983 and 1993 

surveys.

The surveys noted the presence of supragingival calculus in each tooth and 

subgingival calculus in each sextant. The published results were presented as percent 

of teeth or sextant with calculus (extent of calculus). The supplemental data contained 

information on number of persons with supragingival calculus on less than one third 

and one third or more of the teeth present, with subgingival calculus present on one or 

two sextants and more than two sextants and mean number of teeth or sextants as the 

case may be for each age group.

Modelling was done on grouped data using probit analysis.

The dependant variable was proportion of teeth positive for supragingival calculus. 

The CO variâtes available were age, smoking and frequency of brushing. Two other 

variables were created to represent the period and the cohort. Period refers to the year 

survey was done. 1983 was labelled as 1 and 1993 as 2 and it is assumed that 3 will 

represent 2003. The surveys in Jonkoping used different subjects each time. Yet 

subjects sharing the same birth year can be considered as representing a 'synthetic 

cohort' and therefore a variable labelled sequential from 1 to 6 was created to
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represent the cohorts 1963, 1953,1943, 1933, 1923 and 1913 representing the ages 20 

to 70 in 1983 and 30 to 80 in 1993. Where period was used as a covariate the synthetic 

cohort was used as a factor replacing the age.

Different models were fitted. The models are labelled in sequence as A, B and so 

on. In the following equations the variables were labelled as follows:

AGE = Age in years

SMOKE = Percentage of smokers

BRUSH = Percentage of subjects brushing two times or more.

CALPOS = Proportion of subjects positive for supragingival calculus

PERIOD = 1 if 1983, 2 if 1993

COHORT = Birth year; 1 = 1963,2 = 1953, 3 = 1943,4 = 1933, 5 = 1923, 6 =  1913

HICAL = Proportion of subjects positive for supragingival calculus in more than 

one-third of their teeth.

Procedures for testing and comparing the models are described in the Appendix B.

4.5 Choice of the statistical software
The population surveys used in this research had very complex designs. It was 

necessary to adjust for the study design in the analyses. It was done by choosing 

appropriate software for the analysis. The statistical package used in this analysis was 

STATA. STATA macros that could adjust for survey design were available. 

Invariably, all tables and graphs were done using Microsoft Excel. It was also the 

program of choice for fitting curves.
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4.6 Summary
This chapter described the methods used in the epidemiological analysis of the 

large national surveys from the USA and the UK, and grouped results from Sweden.

In the next chapter, the results for the calculus epidemiology are described and 

discussed.
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For the purpose of scenario building it was necessary to describe the epidemiology 

of dental calculus so that calculus prevalence could be used in the scenarios. 

Previously published results using these data were limited to simple descriptive 

analysis, which were inappropriate for the scenario building.

5.1 Distribution of Caicuius in Popuiations

5.1.1 Number of teeth

The number of teeth is a central factor in the analysis of calculus data because it is 

a major confounding factor leading to misrepresentation of the extent of calculus. 

Many of the scenarios also consider the changes in the number of teeth present in the 

mouth. Therefore, though it is not an outcome measure of calculus, the distributions 

of number of teeth in the surveys are presented first.

The USA surveys examined only a random quadrant in each jaw and therefore the 

number of teeth was approximately double the numbers shown in Figure 5.1. In all 

three samples, the distribution was negatively skewed with 50 percent of the subjects 

having 26 or more teeth (Median: UK = 26, NHANES III and Employed Adults =13 

X 2= 26). The commonest presentation was with 28 teeth in all three samples (USA 

samples 14 X 2). The USA samples had about 40 percent of subjects with 28 teeth 

while the British sample had the same percentage with 27 or more teeth. The 

similarities in the median and the mode between datasets were extended also to the 

mean number of teeth. The average number of teeth in UK sample was 23.8 and that 

for NHANES III sample was 11.74 (X 2 = 23.48). The Employed Adults sample had 

12.2 (X 2 = 24.4) teeth but it should be kept in mind that the number of elderly was 

smaller in this sample than for the other two surveys of general population. These
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Figure 5.1 The distribution of subjects according to the number of teeth 
present in the three surveys from the UK and the USA
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distributions represent the sample only as they were not adjusted with population 

weights.

5.1.2 Number of teeth with calculus

The simplest measure of calculus was the count of teeth with calculus. The number 

of calculus teeth was calculated separately for each group without adjusting for other 

variables. The counts were weighted for the population sampling.

5.1.2.1 Adult Dental Health Survey, UK:

The number of teeth with dental calculus (supra or subgingival) increased as age

increased (Table D.l^). At 16 to 19 years 3.62 (3.13 to 4.10) teeth were calculus 

positive which increased to a maximum of 8.67 (8.10 to 9.23) teeth at 50 to 59 years 

of age. The mean number of calculus teeth then decreased to 7.31 for 60-69 years old 

and 6.27 for 70+ years old. This reduction was only apparent because 16 to 19 years 

old had calculus in approximately one sixth of the teeth present in the mouth while the 

oldest groups had calculus in almost half of the teeth present.

Females had significantly fewer calculus teeth (6.66) than males (7.74).

For the six social classes, I, II, IINM, HIM, IV, and V, the mean number of 

calculus increased from 5.83 in social class I to 9.27 in social class V. However the 

differences between some of the adjacent classes were not significant. The number of 

calculus teeth decreased as level of education increased. The greatest number of 

calculus teeth was found for those who were educated the least number of years. 

Regularity in dental attendance reduced the mean number of calculus teeth.

1. In Tables D .l to D.4, if  within group comparisons of means were not significant (p > 0.05), then the 
subgroups were indicated by the same letter o f the alphabet in the last column. Therefore, the dis
similar letters indicate which subgroups are different and the number o f different letters suggests the 
presence o f different subgroups based on statistical similarity.
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Though there was no difference in the mean number of calculus teeth between 

those who brushed three times a day or those who brushed more often, firequency of 

brushing lower than this significantly increased the mean number of calculus teeth.

5.1.2.2 NHANES III, USA

For NHANES III, the results are presented for total calculus (including both supra 

and subgingival) (Table D.2) and for subgingival alone (score 2) (Table D.3)

The mean number of teeth with total calculus, in the half mouth examination, for 

16-19 years was 4, which increased to 6 in 20 to 39 years of age and then steadily 

decreased until subjects with 70 years or more had only 3 teeth with calculus.

Females had on the average 4.35 teeth with total calculus compared to males who 

had 5.59 teeth with calculus.

As the number of years of education increased the mean number of teeth with 

calculus decreased. Overall, those with 12 years or less education had greater number 

of calculus teeth compared with subjects who had 13 years or more of education. An 

exception was the subjects who had 8 years of education and had significantly fewer 

calculus teeth.

Groups with greater household income had smaller mean numbers of calculus 

teeth. The poorest groups had about 6 teeth with calculus on the average in 

comparison with 4 teeth for the richest group. Combination of education and income 

variable into a socio-economic status (SES) variable sharply delineated the gradient in 

number of calculus teeth. There was more than one tooth difference in the mean 

number of calculus teeth between irregular and regular dental attendees. Similarly, 

those who last visited the dentist within the past 6 months had significantly fewer
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calculus teeth than others. Current smokers had 6 calculus teeth compared to 4 in the 

past and non- smokers.

When teeth scored 2, here labelled as subgingival calculus, were considered, the 

relationships elicited above were intensified and the differences in the mean number 

of calculus teeth in the best and worst subgroups became larger (Table D.3). There 

was a 4 tooth difference between upper and lower SES groups, almost 3 tooth 

difference between regular and irregular dental attendee, 5 less calculus (subgingival) 

teeth in those who had visited dentist in the past 6 months and almost 3 tooth 

difference between smokers and non-smokers.

However, the sex differences were of similar magnitude as for total calculus. 

Although the age gradient was present as for total calculus for subgingival calculus 

the difference between the youngest and oldest age groups became insignificant. The 

greatest number of teeth with subgingival calculus was found in the 20- 39 years old 

groups.

5.1.2.3 Employed Adults, USA

In the Employed Adults Survey in USA, the mean number of calculus teeth for all 

age groups was between 3 and 4 (Table D.4). The females had significantly fewer 

calculus teeth and so did the higher education and income groups. However there was 

no difference between the upper two SES groups. A visit to the dentist in the past year 

reduced average number of calculus teeth by 2. Unlike the NHANES III subjects, 

considering the subgingival calculus teeth separately did not produce any 

accentuation in the differences.
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5.1.3 Prevalence of calculus: Comparison of UK and USA 
samples

For the purpose of comparing the results of the Adult Dental Health Survey, UK 

and NHANES III, USA, the average numbers of teeth in the USA sample was 

doubled. In both countries the number of calculus teeth increased until 40 years and 

then declined. At ages below 50 the USA subjects had more than a 2-tooth difference 

compared with the UK subjects and in the younger age groups the differences were 

more than four teeth. However both samples converged at age 50 and then showed a 

remarkable concordance in the number of teeth with calculus. In both UK and USA 

samples males had more calculus teeth, but in the USA samples the differences 

between the sexes were greater than in the UK sample. Subjects at the upper end of 

the social scale had fewer calculus teeth in both countries. However in Britain the 

social gradient was steeper.

In the analysis so far the numbers of calculus teeth for subgroups were not adjusted 

for the effects of other variables and therefore, the differences in the numbers seen did 

not represent a measure of association. To find out the association between different 

variables and the numbers of calculus teeth, a negative binomial model was fitted. 

The results of this model may be interpreted as the ratio of mean number of teeth with 

calculus in different strata of the sub group to a reference stratum (PR or prevalence 

ratio). As the associations are being examined, the results are described for each 

variable rather than for each data set.
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5.2 Associations of number of teeth with totai 
caicuius with age and other variabies

5.2.1 Age

In the UK Adult Dental Health Survey, the prevalence ratio increased from the 16- 

19 years old group to the 70+ group (Table D.5). The crude prevalence ratio 

quadrupled between the two extreme age groups and this increase was only slightly 

reduced in the final adjusted model. The adjusted prevalence ratios for the 3rd to 8th 

decades of life were 1.77, 2.10, 2.39, 2.93, 3.14, and 3.37 respectively (16-19 years 

acted as the reference PR =1). The confidence intervals were moderately wide but all 

the prevalence ratios were significant. The confidence intervals indicate that the 

prevalence ratios for adjacent decades were not significantly different.

In the NHANES III data from the USA, the prevalence ratio of calculus teeth 

showed similar trends to the UK: increasing from 16-19 to 70 + yeas of age. However, 

the extent of increase was not as much as in the UK adults (Table D.6). The crude 

ratio showed a doubling while the adjusted ratio increased to 2.24 in the oldest group. 

The Employed Adult data from the USA gave results similar to the NHANES III, 

except that the prevalence ratios were slightly higher in age groups above 40 years 

and there was a sudden drop in prevalence ratio to 1.08 in the age group 30 to 39 years 

(Table D.7).

5.2.2 Sex

Table D.8 gives the crude and adjusted prevalence ratio for teeth with calculus 

according to sex for the three data sets. In all three surveys the crude prevalence ratios 

showed a greater tendency to have calculus in males. However in the UK, both crude 

and adjusted prevalence ratios were smaller than those for the USA surveys.

70



Associations of number of teeth with total calculus with age and other variables

5.2.3 Social class

As the social class, measured using Registrar General's classification, changed 

from high to low, the prevalence ratio for teeth with calculus increased in the UK. 

Social class I was used as the reference class (Table D.9). While the crude ratios 

showed a steady significant increase in the prevalence ratio from 1.2 for social class II 

to 1.8 for social class V, in the final model, the gradient was more gradual.

With the high status group used as the reference in the NHANES III sample, the 

prevalence ratio of calculus teeth increased from 1.15 in the upper middle, 1.26 in the 

lower middle and 1.40 in the low SES groups (Table D.IO). After adjustment, the 

confidence intervals showed overlap between adjacent groups still the degree of 

overlap was very small suggesting that the SES differences form a major component 

to determine calculus prevalence ratios.

5.2.4 Education

Table D. l l ,  presents the results for the effect of education on prevalence ratio of 

calculus teeth in the UK Adult Dental Health Survey. Education had a protective 

effect against number of calculus teeth when crude ratios were examined; the ratios 

decreasing significantly for every year increase in education more than 14 years. 

However, the effect completely disappeared in the final adjusted model with 

prevalence ratios around 1 and paradoxically, having 15 years of education 

significantly increased the prevalence ratio (1.13).

In the NHANES III sample education had a protective effect that was more marked 

with the crude ratios, but reduced when adjustments were made (Table D .l2). The 

reference group was those who had education below 8 years. There was no difference 

in the prevalence ratio between the reference group and those with 8 years and 9 to 11
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years of education. Subjects with 12 years or more of education had a prevalence 

ratios significantly smaller than 1. Unlike the UK sample, the differences in PR 

retained its significance after adjustment, especially in those with greater years of 

education. However, the confidence intervals suggest that differences between groups 

become significant only if the differences in the years of education were around 5 or 

more years.

5.2.5 Income

Income as a variable was available only in the USA surveys and the measures were 

different in both surveys. While the NHANES III used a ratio measure for household 

income, the Employed Adult survey had the personal income of the subjects.

In the NHANES III sample, compared to the lowest income group (income ratio = 

< 0.5), the higher income groups showed less prevalence of calculus teeth when crude 

prevalence ratios were examined (Table D.13). But after adjustment only those whose 

income ratios were above 5 had a significantly lower prevalence ratio (0.86).

In the Employed Adults Dental Survey, there was no difference in the crude 

prevalence ratios among those who were earning less than US$12500 (Table D.14). 

When adjusted this threshold was raised to US$20000. Subjects earning more than 

US$20000 had adjusted prevalence ratios between 0.8 and 0.9. The confidence 

intervals were wide and overlapping so that there were no significant differences 

between these groups.

5.2.6 Dental attendance

Table D.l 5 shows the effect of regularity of dental attendance on prevalence ratio 

of teeth with calculus in the UK Adult Dental Health Survey 1988. When the regular
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attendee was used as the reference category, both occasional dental attendee and those 

who visit only with trouble had significantly higher prevalence ratio.

Table D.l 6 shows the effect of the proximity of dental visits on prevalence ratio of 

the number of teeth with calculus. Those who visited dentist in the previous six 

months were used as the reference. Compared to these subjects those who visited the 

dentist between 7 and 24 months had a prevalence ratio of 1.1 and for those whose 

visit was farther back than that the ratio was 1.2. Both ratios were statistically 

significant.

The crude prevalence ratios in the NHANES III sample showed that as the 

regularity of dental attendance reduced, the prevalence ratio increased so that those 

who stopped to visit the dentist had double the prevalence of calculus teeth than those 

who visited the dentist at least once a year (Table D .l7). After adjustment, the 

prevalence ratios reduced considerably so that compared to the reference group 

(annual visit), those who visited a dentist every two years, less often, only with 

trouble and those who visit no more had prevalence ratios of 1.05, 1.21, 1.25, and 

1.38 respectively. There was no difference between annual and biannual visits and 

compared to these two groups, others had greater prevalence of calculus teeth. There 

were no differences between the irregular groups.

Compared to those who had visited dentist in the previous six months, in the 

NHANES III sample, others had significantly high prevalence ratios for calculus 

(Table D .l8). For those who had been to the dentist between 6 to 12 months the 

adjusted PR was 1.14, which increased to 1.21 and 1,26 for those who visited dentist 

between one to two years and those who visited dentist 5 or more years earlier. In the 

adjusted model those who had visited dentist between three to five years were
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dropped due to colinearity. The confidence intervals were relatively wide so that there 

were no significant difference between groups whose visits to the dentist was more 

than six months.

5.2.7 Oral hygiene practice

The association of frequency of toothbrushing with prevalence ratio of calculus 

teeth is given in Table D .l9 (the UK Adult Dental Health Survey). The crude ratios 

suggested that brushing more than once a day protected against calculus. However, 

when adjusted, the protection was found only in those who brushed three times or 

more.

5.2.8 Smoking

Only the NHANES III survey had any information regarding smoking. The 

association of smoking and number of teeth with calculus was significant for both 

past smokers and current smokers (Table D.20). The adjusted prevalence ratios were

1.08 for past smokers and 1.29 for current smokers.

Associations of number of teeth with subgingival calculus with demographic and 

other variables

When analysed separately, the teeth with calculus score 2 (subgingival calculus) in 

the USA surveys showed similar trends as teeth that were scored either 1 or 2 (total 

calculus) but with greater intensity (Table D.21). The adjusted prevalence ratios in the 

NHANES III for these teeth were 1.77, 2.15, 2.53, 3.39, 3.83, and 4,48 for age groups 

20-29, 30-39, 40-49, 50-59, 60-69 and 70 + years old. The confidence intervals were 

wide so that adjacent age decades were not significantly different, except for the 

reference group 16-19 years old. The prevalence ratio for subgingival calculus was
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greater in males (1.43) than in females. Compared to the high socio-economic group 

the prevalence ratios were 1.65, 2.14 and 2.62 for the upper and lower middle and low 

socio-economic groups respectively. Similarly, regular attendance had a protective 

effect on prevalence ratios when the calculus score 2 alone was considered. However 

those who visited dentists less often than at least once in two years were not 

significantly different in the prevalence ratio from those who visited a dentist 

annually. Those who visited the dentist once in two years had a significantly higher 

prevalence ratio (1.58) than those who visit the dentist annually and so did those who 

visited only in trouble (2.73) and those who visited no more (3.77).

For subgingival calculus, in the NHANES III sample compared to those who 

visited the dentists 5 or more years ago only those who had a dental visit in the past 

six months showed a significant protective effect (Table D.21). Current smokers were 

at greater risk for having subgingival calculus (PR = 1.83) than past smokers (PR = 

1.23) or non- smokers (PR = 1).

Similar results were obtained for the Employed Adults Survey (Table D.22).

5.3 The high calculus group
The high calculus group was a constructed category based on the criteria of having 

total calculus on one third or more of the teeth present. The term 'high calculus group' 

should not be confused with 'high calculus former' since the latter presupposes an 

incidence rate being used for classification while here only prevalence data were 

available. Again the logistic regression analyses did not adjust for number of teeth 

present in the mouth, as a qualitative judgement as to the amount of calculus present 

was being made. The rationale and construction of these criteria are explained in the 

Appendix B.
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5.3.1 Age

The probability of being in the high calculus group increased with age. In the UK 

Adult Dental Health Survey, using the youngest age group (16-19 years-old) as the 

reference group, both unadjusted and adjusted odds ratios increased with every 

decade increase in age (Table D.23). Adjustment reduced the odds ratio to some 

extent and the larger the unadjusted odds ratio the greater was the reduction in the 

odds ratio after adjustment. Since the odds ratio increased with age, this trend 

suggested that at younger age groups the impact of age on calculus prevalence was 

greater. Both surveys from the USA showed similar results, as age increased the 

probability of being in the high calculus group also increased. However adjustment 

increased the odds ratios in these samples and the increases were proportional to the 

size of the unadjusted odds ratios. Therefore, unlike the UK sample, the impact of 

ageing was of greater significance as the USA subjects become older.

5.3.2 Sex

While in the UK Adult Dental Health Survey, there was no significant difference 

between the sexes in both USA surveys the males had a significantly greater odds 

ratio to be classified into high calculus group.

5.3.3 Social class

In the UK, as the social class became lower the odds ratio of being classified into 

high calculus group increased. The adjusted odds ratios for cases I, II, IIINM, HIM, 

IV, and V were 1.00,1.35, 1.59, 1.72, 1.56, and 2.95 respectively. In the NHANES III 

subjects, a similar trend was seen but the magnitudes of the odds ratios were smaller. 

However, the Employed Adults Survey from the USA showed larger odds ratios and 

stronger trends.
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5.3.4 Education

As levels of education increased, the odds ratio for high calculus group 

membership decreased in all three surveys. However, the significance disappeared 

with adjustment for other variables. In the UK, education was shown to have no 

significant difference, in the USA surveys, beyond 12 years of education protected the 

subjects from being included in the high calculus group.

5.3.4.1 Dental attendance

In the UK, compared to the regular attendee, those who attend occasionally had an 

adjusted OR of 1.40 and those who visit only if there are problems had the OR of 1.9 

for being grouped into the high calculus group. As the last visit to the dentist went 

back farther, the greater was the probability of being classified into the high calculus 

group. With adjustment for other factors the only significant odds ratio was for those 

whose visit to dentist was more than two years ago (OR = 1.53).

In NHANES 111 sample, also significantly higher odds ratios for membership in 

high calculus group was found only in those who visited only with need, and those 

who visited dentists no more. Compared to those who visited dentists 5 or more years 

ago, only those who visited dentists in the past 12 months were significantly 

protected.

Among the employed adults, those who visited the dentist for intervals between 

one and two years and those whose visit was three or more years ago had greater 

probability of being grouped as the high calculus.
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5.3.5 Oral hygiene practice

As the frequency of brushing increased, the probability of being grouped as high 

calculus decreased. Before adjustment, with those who brushed once or less as the 

reference group, the odds ratios for those who brushed twice, thrice or more than that 

were 0.63, 0.37 and 0.36. After adjustment they became 0.91 (0.62 to 1.33), 0.63 

(0.43 to 0.91), and 0.64 (0.43 to 0.97) respectively. The significant differences were 

seen only for those who brushed more than twice.

5.3.6 Smoking

In the NHANES III sample, compared to those who never smoked, the past and 

current smokers had greater probability of being classified into the high calculus 

group. The adjusted odds ratios for the past and current smokers were 1.20 (1.02 to 

1.41) and 1.93 (1.63 to 2.28) respectively.

5.3.7 Restricted model: 20 plus teeth

To examine whether some of the differences in the classification into the high 

calculus group could be due to differences in number of teeth present, the subgroup of 

subjects with 20 or more teeth were analysed. The model strengthened the findings of 

the full sample. The only effect was to increase the odds ratios and the only difference 

was the level of education, where the level at which odds ratios started to be 

significant was reduced to 12 years from 13 to 15 years. In the employed adults 

sample also when the subjects with 20 or more teeth were selected, the results were 

similar to the total sample with a negligible lowering of the odds ratio.
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5.4 Modelling trends in supragingivai caicuius 
prevaience in Swedish popuiations

The results given above do not contain any information on trends in calculus 

prevalence. In the review of literature, the Jonkoping studies (Hugoson et al. 1995) 

were identified as a source of such information. In this section, the trends in calculus 

in Jonkoping between 1983 and 1993 are being examined through modelling.

The average number of teeth with supragingival calculus in Adults in Jonkoping 

was 2.33 in 1983 and 2.09 in 1993. The maximum number of teeth with supragingival 

calculus was 17 in 1983 but was never more than 10 in 1993. In both years, on 

average, 1 sextant had subgingival calculus. In 1983 38% of sextants with subgingival 

calculus had pockets more than 4mm deep while in 1993 the proportion reduced to 

26%.

Table D.24 presents the results for the distribution of subjects according to the 

criterion whether they had supragingival calculus on more than l/3rd of their teeth 

(high). In 1983, for 60 years old onwards, the proportion was more than 10% while in 

1993 the 10% mark was crossed only at 80 years. Again defining a high calculus 

group for subgingival calculus using the criteria of having calculus in more than two 

sextants, there was a sudden increase in the proportion of subjects with subgingival 

calculus at age 30 years and above in both surveys (Table D.25). While the 1993 

sample showed a reduction in the proportion in the high calculus group, it was small.

In 1983, 25.6% smoked while in 1993 only 17.4% smoked (Table D.26). The fall 

in the proportion of smokers was seen in all age groups except 40 years old who 

showed an increase in the proportion of smokers. Among the smokers, 71% in 1983 

and 64% in 1993 smoked 10 or more cigarettes (marked heavy in Table 26).
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While the need for trend data for calculus in scenario building was great, there 

were severe restrictions in the information available. Grouped results available from 

the Swedish data cannot by itself demonstrate the trends adjusted for temporal effects 

like periodicity. Hence modelling using probit was resorted to elucidate the change in 

calculus prevalence in Jonkoping over the two decades.

5.4.1 Models

The first model was set up using 1983 information alone. 1983 data were used to 

test the appropriateness of using a probit model to describe the age, smoking and 

calculus relationship. The model thus generated was used to predict the 1993 data.

The dependant variable was proportion of teeth positive for supragingival calculus 

(CALPOS). The covariates were age and variables representing smoking. Smoking 

variables were for each age group was defined as the proportion of subjects who 

smoke (SMOKE) and a second variable representing the proportion of subjects who 

smoke 10+ cigarettes (HEAVY). The models were:

Model A: Probit(CALPOS) = 0.00642(SMOKE) + 0.02115(AGE) - 0.66223

Model B: Probit(CALPOS) = -0.01249(SMOKE) + 0.02504(HEAVY) + 

0.02221 (AGE) -0. 68040

Applying these models to predict supragingival calculus in 1993 showed that the 

models were successful only in the middle ranges of the age group. The Chi square 

test showed that the observed and predicted proportions were significantly different.

Second sets of models were tested using both 1983 and 1993 data. The source of 

the data was noted in the model using a variable called PERIOD. Age and cohort were
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used as a grouping variable so that intercepts for each age group was available. The 

proportion of subjects brushing more than once was also included.

Table D.27 presents the models C to L. The goodness of fit tested using X2 

showed all models to have excellent fit. Based on the outcome measure there were 

two groups of models: those using some supragingival calculus in a subject (Models 

C to F and H to K) and those using the criterion supragingival calculus in more than 

one third of dentition (Models G and L). The distinction between these two groups 

was the fact that Models G and L take into account the severity of calculus while the 

comparable Models F and K do not. Another grouping evident in the table was based 

on the grouping factor, which was age in Models C to G and was the birth cohort in 

Models H to L. The Rp2 reported is a simple measure that allow model to be 

compared. In both age and cohort models smoking when used alone had the least 

explanatory power. In the age model brushing alone (Model D) was as good as others 

with more variables. On the other hand in the cohort models explanatory power of 

brushing and smoking (Model J) was far superior to that of brushing or smoking 

alone. In both groups PERIOD did not improve the model. In age group models, when 

high calculus was the outcome Model G had the highest explanatory power (Rp2 = 

0.83). When age was replaced with cohort as the grouping variable both smoking and 

brushing considered individually lost a great amount of their explanatory power but 

taken together more than doubled the Rp2. Similarly, compared to Model G, Model L 

had a smaller Rp2.

5.5 Discussion
Although, the number of teeth was not an outcome measure of dental calculus it 

was the most important moderator variable for calculus epidemiology. This was not
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only due to the fact that calculus could occur only in the presence of a tooth, but also 

due to the way in which calculus was measured. While dental disease indices like 

DMFT can indicate the lifetime experience of dental caries, calculus indices do not 

have such sophistication. Secondly, indices like extent of calculus have number of 

teeth as the denominator so that calculus may be assessed as high even as the absolute 

amount of calculus in the mouth reduces. Therefore, all analyses of calculus 

prevalence were adjusted for the number of teeth.

In the assessment of treatment need based on number of teeth with calculus, as 

done in this thesis, the cause of loss of teeth and the type of teeth lost can influence 

the results. The teeth most often affected by periodontal disease and lost are the lower 

incisors (Angelillo et al., 1996; Stabholz et al., 1997) and the same teeth account for 

more than two thirds the calculus in the mouth (Volpe et al., 1965). Hull et al. (1997) 

found 89% of teeth extracted for periodontal disease to have subgingival calculus. 

Secondly, after 40 years of age, the periodontal disease was a common cause of tooth 

extraction (Cahen et al., 1985; Kay and Blinkhom, 1986; Agerholm and Sidi, 1988; 

Ong et al., 1999; Murray et al., 1996). Finally, dental calculus and destructive 

periodontal diseases have been shown to be associated in longitudinal studies (Neely 

et al., 2001). These three facts taken together, suggest that the reduction in the number 

of teeth retained in the mouth can lead to a reduction in the number of teeth with 

calculus.

The three large national surveys from the USA and the UK, had subjects with 

surprisingly similar numbers of natural teeth. The populations were similar also in the 

median and mode of number of teeth. However, subjects of the Employed Adults 

Dental Health Survey, USA had a slightly higher number of teeth. This may be due to
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the fact that the employed adults represented a subpopulation of the total USA 

population who were socio-economically better off than the general population. In 

addition the upper age limit in this survey group was younger than the NHANES III 

Survey. The UK Adult Dental Health Survey, like NHANES III Survey, represented 

the general population and had slightly less teeth than the Employed Adults survey. 

On the other hand, when the effects of the socio-economic status were being studied, 

there was greater similarity between employed adults from USA and the British 

sample. This could be due to the fact that although the socio-economic status measure 

in the USA surveys does not consider occupation as a factor as done with British 

social class, in the Employed Adults Survey, occupation could be a latent factor.

The bivariate analysis of number of teeth and explanatory variables showed the age 

to be the most significant factor. Similarly age was highly significant for calculus 

also. However, the influences of ageing were in opposite directions; in the case of 

number of teeth, ageing tended to reduce the number while in the case of calculus 

ageing tended to increase the risk of having calculus. Depending on whether the type 

of teeth lost were those that had a higher susceptibility to calculus, these opposing 

trends could modify the absolute treatment needs and could produce conflict between 

policies based on perception of risks and those based on measures of absolute 

treatment needs.

It was not only age but also other factors like education and social class that 

showed similar opposing trends between number of teeth present and number of teeth 

with calculus. Therefore, in the study of association of calculus and these factors, the 

number of teeth had to be adjusted for. In the epidemiological analysis done in this 

study, the number of teeth was treated as an exposure variable. A consequence of this
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decision was that number of teeth did not appear as a variable in the regression model. 

Instead the regression was applied after adjusting for the number of teeth. This 

avoided the problem of colinearity that might exist if number of teeth was included 

into the regression model.

The bivariate analysis could help, in identifying the target groups for preventative 

action, while the multivariate analysis might help in explaining the reasons why these 

groups had greater or lesser amount of calculus. In the following discussion, the 

bivariate and multivariate results are considered together. The mean number of 

calculus teeth presented in the results did not account for the number of teeth present 

in the mouth. However, the crude (unadjusted) prevalence ratios presented as a part of 

multivariate analysis, were adjusted for the number of teeth. Thus it was possible to 

compare the impact of number of teeth alone and that of other factors, adjusted for 

number of teeth, on the prevalence of calculus.

5.5.1 Effect of Age on calculus levels

In all the databases, the number of teeth with calculus was highest in the middle 

age groups. In the UK it was between 30 years and 60 years, whereas in the USA it 

was between 20 years and 40 years. That this pattern was the result of loss of teeth in 

older group was evident from the fact that the crude prevalence ratios for the UK and 

USA data showed a linear increase with age. In the British and the Employed Adults 

surveys the highest number of calculus teeth were between 6 and 8 teeth and in the 

NHANES III it was between 6 and 11. The regression results showed that in 

comparison with the 16 to 19 years group, the prevalence ratio for any type of 

calculus doubled at 30 years and tripled at 50 years in the UK. The NHANES III 

sample showed the doubling of prevalence ratio at 50 years of age and the Employed
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Adults sample at 40 years. The younger age group in UK had only about half the 

number of teeth with calculus compared to their USA counterparts. This difference 

disappeared at older age groups with British subjects having marginally more number 

of teeth with calculus.

Although detailed comparisons between the types of calculus were not possible 

with NHANES III data, it can still be appreciated that subgingival calculus (score 2) 

contributed substantially to the total calculus prevalence. Considering the number of 

teeth with subgingival calculus as a proportion of number of teeth with any calculus, 

in the USA at younger age groups it was about 53% increasing to 91% in the oldest 

age group.

The age trends in calculus found in this study were the same that has been reported 

in the literature. From the earliest study reviewed (Marshall-Day et al., 1955) 

onwards, every study noted an increase in the prevalence of calculus with increasing 

age (Everett et al., 1964; Sheiham, 1967, 1969, 1970,1971; Suomi et al., 1971; Dental 

Epidemiological Survey Committee, Ministry of Health, Malaysia, 1972; Cutress et 

al., 1978; Hugoson et al., 1980, 1995; Anerud et al., 1983; Cahen et al., 1987; Baelum 

et al., 1988; Lembariti et al., 1988; Beiswanger et al., 1989; Mumghamba et al., 1995; 

Ânerud et al., 1991; Anaganou-Vareltzides et al. 1996).

A question to be asked is whether the age trend in calculus is the result of 

accumulation of calculus or increased propensity to form calculus in older age groups. 

The results of the surveys used here cannot answer this question. However from the 

results of the incidence study by Beiswanger et al. (1989), one might conclude that the 

rate of deposition of calculus increases with age.
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5.5.2 Sex differences in prevalence of calculus

The results from all the data sets in this study showed that the males had more 

calculus than females. The difference was about one tooth per person. NHANES III 

subjects had higher subgingival calculus in the males. When prevalence ratios were 

examined, males still had significantly higher calculus but the differences were 7% in 

the British survey and 16% to 23% in the American surveys.

Although since the time of Marshall-Day et al. (1955) the sex difference in 

calculus prevalence had been established, the sex differences in calculus is not as well 

defined as the age trend. Results of the present study support other studies that had 

shown a sex difference in calculus prevalence (Marshall-Day et al. 1955; Sheiham, 

1967; El Angbawi and Younes, 1982; Baelum et al., 1986; Beiswanger et al., 1989; 

Frencken et al., 1991). However, as the results of the regression analysis showed, a 

large portion of the sex effects was reduced with adjustment for other variables. As 

noted in the literature, there are instances when cultural factors may affect the sex 

difference in calculus (Sheiham, 1967; Bagramian et al., 1993, 1994). Plasschaert et 

al. (1978) had noted that women had more calculus below 35 years of age and men 

above 35 years of age. Such trends were not observed here. Age and sex trends were 

more similar to Beiswanger et al. (1989) with men having more calculus at all ages.

The observations that Schroeder (1969) had made regarding age and sex 

distributions of calculus were supported by the results of this thesis. It is equally 

significant that this agreement occurred after adjusting for socio-economic factors.

5.5.3 Interpopulation differences in calculus

The similarities between the British and the USA Surveys suggested that calculus 

epidemiology was generally similar in diverse European populations. Rather it was
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the socio-economic and cultural factors that may determine the differences. Albandar 

and Kingman (1999) had described the prevalence of calculus in NHANES III 

subjects above the age of 30. They had shown differences in the calculus prevalence 

between different ethnic groups in USA. The Non-Hispanic Blacks and Mexican- 

Americans had significantly higher amount of supra- and subgingival calculus 

compared to Non-Hispanic Whites. In the present study ethnicity was used as an 

adjusting factor in the regression but the results are not reported for different ethnic 

groups. This was done so that uniformity between the USA results and the British and 

WPR data could be maintained. However, it was seen that major differences between 

ethnic groups disappeared when adjusted for education and income. The report by 

Albandar and Kingman (1999) was not directly comparable with the present study 

because of the differences in the age ranges and in the choice of regression models.

5.5.4 Social class, education and income

The socio-economic variables were available for the data from the UK and the 

USA and there were differences in the measures of social class. The British survey 

had social class for the subject examined and the head of the household of the subject. 

The latter was chosen because it allowed assigning a social classification for the 

unemployed also. The USA surveys did not have a single variable denoting social 

status so that a variable was constructed using education and income. This has also 

been used in a recent PhD thesis (Nowjack-Raymer, 2000). In spite of geographical 

and period differences, all three surveys yielded results, which were very similar. This 

suggests that in the case of calculus epidemiology these surveys share a common 

universe, which White (1997) termed as the Western model. Compared to the highest 

social class, the lowest group had one and a half time more prevalence of calculus. 

The reports of the British Adult Dental Health Surveys in 1988 and 1998 both had
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noted the social gradient in calculus prevalence (Todd and Lader, 1988; Statistical 

Office, 1998). In 1998, there was a slight flattening of the social gradient.

The uniformity of the results for the three surveys, suggest that calculus 

prevalence, to a great extent, was influenced by socio-economic factors. However, the 

calculus prevalence become significantly different only if the gaps in social class or 

status were wide. Since the results represented adjusted values, the social class/status 

differences represented something more than differences in dental health behaviour 

like regularity of visit to dentist or oral hygiene behaviour. The results of the present 

study were also in agreement with Addo Yobo et al. (1991).

Education was not a significant factor in the British survey subjects. Perhaps this 

was due to the inclusion of social class in the model. However, subjects with 15 years 

of education had a significant albeit small increase in calculus than those with 14 

years or less. This might be due to the higher age of children with greater education. 

In the NHANES III subjects more than 12 years of schooling tended to reduce the 

prevalence of calculus. This is in agreement with Horton and Sumnicht (1967, 1968). 

However, between adjacent groups there were no significant differences, which 

suggest that educational differences have to be large for creating an impact in calculus 

prevalence. In the Employed Adults Survey, there were no significant association 

between calculus prevalence and education. This could be due to the fact that as 

employed, every one had a basic level of education and further discrimination was not 

possible. Income above USA$20,000 was significantly associated with reduced 

calculus in the Employed Adults sample, while in the NHANES III sample only the 

highest income group showed a significant reduction in calculus prevalence. Again 

adjacent income groups did not show any significant differences.
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These results taken together suggest that social stratification based on education, 

income, and/or occupation does have an influence on calculus prevalence. But it is 

difficult to explain how this influence works or to interpret the meaning of this 

difference.

5.5.5 The impact of dental attendance on calculus levels

One explanation of differences in calculus prevalence between industrialised and 

developing countries was the availability of dental health care (Ânerud et al., 1991). It 

has been reported that irregular dental attendees had more calculus (Mullaly and 

Linden; 1994). In the UK and the USA surveys the crude prevalence ratios for 

calculus showed large effects for regularity of dental visits and the interval since last 

dental visit. However, when adjusted, the regularity in dental attendance had only a 

small effect in the survey subjects in this study. In the UK subjects, those who were 

occasional attendees had only 10% increase in prevalence and those who attended 

only with trouble had 20% extra prevalence. This was also similar to NHANES III 

subjects. The results from NHANES III Survey suggested that visiting a dentist every 

two years was as good as an annual visit as far as calculus prevalence was concerned. 

The interval since last dental visit also corroborated these findings. From the 

NHANES III Survey results it would seem that beyond two years calculus did not 

change much in prevalence. These results were similar to those reported by 

Beiswanger et al. (1989) and Blank et al. (1994). Both these reports supported the 

finding that a 2-year interval between visits did not increase the prevalence of 

calculus significantly.

The socio-economic and the dental attendance variables had greater influence on 

subgingival calculus (score 2 in NHANES III). In all instances, the results were
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significant. In the NHANES III subjects there was a 90% increment subgingival 

calculus with every step down the socio-economic ladder. In the Employed Adults 

Survey the subgingival calculus prevalence was double in the lower socio-economic 

status group compared to the high group. Thus subgingival calculus exhibited 

sensitivity to socio- economic disadvantages. There are no explanations for this in the 

literature. On the other hand the concept that subgingival calculus may be the result of 

periodontal inflammation, first put forward by Schroeder (1969), suggest that these 

inequalities in subgingival calculus may be a reflection of the impact of socio

economic factors on periodontal disease, which is well documented (Clarke and 

Hirsch, 1995).

5.5.6 Calculus, Oral hygiene practice and smoking

Oral hygiene practices appear to have a relatively small effect on calculus 

prevalence (Brandtzaeg and Jamison, 1964; Kallestal et al., 1990; Sarita and 

Tuominen, 1992; Mengel et al., 1996). This could be due to lack of diligence in the 

practice of oral hygiene (Macgregor and Rugg-Gunn, 1985) and/or the inefficiency in 

brushing (Maizels and Sheiham, 1987). In this study, brushing more than two times a 

day reduced calculus prevalence by 20%. This is similar to the findings of Anaganou- 

Vareltzides et al. (1982) in Greeks and the findings of British Adult Dental Health 

Survey 1998 (Statistical Office, 1998).

The relationship between smoking and calculus was shown to be strong in this 

study. Current smokers had 29% more calculus of any type and 83% more 

subgingival calculus than non-smokers. The confidence intervals were also narrow. 

These results were in agreement with all the studies reviewed (Brandtzaeg and 

Jamison, 1964; Sheiham, 1971; Alexander, 1971; Ismail et al., 1983; Rivera-Hidalgo,
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1986; Bergstrom, 1999; Krall et al. 1997). The increased prevalence for subgingival 

calculus was not surprising considering the strong relationship smoking and 

periodontal disease have (Tomar and Asma, 2000; Machuca, 2000; Bergstrom, 2000; 

Haber, 1994; review: Tonetti, 1998).

Among the variables considered the strongest associations were for age and 

smoking. Visits to the dentists and oral hygiene practices were also shown to be 

capable of modifying calculus prevalence to some extent. Therefore, when future 

changes in calculus prevalence were modelled these variables were given preference.

5.5.7 High calculus group

Membership of the 'high calculus group' was a constructed outcome measure with 

the aim of identifying that portion of the population that has a large extent of calculus 

(>0.33) in their dentition. There are no parallels to which these results can be 

compared.

The results for the high calculus group membership supported the findings from 

the analysis on the number of teeth with calculus. In the case of relationship with age, 

the odds ratios showed a greater probability for having the higher extent of calculus as 

age increases. However the employed adults sample had relatively lower odds ratios 

than other two samples. Similarly the males had greater probability than the females. 

Compared to the highest category in social class/status classification, others showed 

significantly greater probabilities of being classified as belonging to the high calculus 

group. A very significant result was that a current smoker had almost twice the chance 

of being grouped into high calculus than a non-smoker. The results for other variables 

were also similar to the results with number of teeth with calculus.
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The variable 'high calculus group' actually dichotomises the variable number of 

teeth. However it has the important difference that it gives a greater weight for 

calculus teeth present in partially edentulous mouth. On the other hand, the 

dichotomisation reduces the impact of outliers in the number of teeth with calculus. 

However, testing the results in subjects who had 20 or more teeth showed that the 

effect of loss of teeth was not significant. If the membership in the high calculus were 

used as a criterion for determining scaling, the results would be the same as if number 

of teeth were used to assess treatment need. This result was kept in mind when 

treatment need models were built and tested.

5.5.8 Trends in calculus levels

An attempt was made to find trends in calculus prevalence by analysing secondary 

data from Hugoson (1995). Between 1983 and 1993 there was a reduction in the 

prevalence of supragingival but not subgingival calculus in Sweden. There was also a 

reduction in smoking and improvement in oral hygiene practices. The analysis 

showed that there were hardly any period effects. The cohort effect manifested itself 

by reducing the individual predictive powers of smoking and oral hygiene factors. 

Both smoking and oral hygiene taken together were more predictive.

Douglass et al. (1983) compared national surveys from 1960-1963 and 1971-1974 

and reported that although the debris score reduced considerably between surveys, 

calculus score remained constant. Unfortunately, those surveys were not comparable 

with NHANES III data due to the differences in the indices used.
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5.6 Summary
The detailed epidemiology of dental calculus was described here so that, while 

building scenarios, calculus prevalence could be attributed to each factor considered 

in the scenario holding, all other factors constant. There were three objectives in this 

thesis that were related to epidemiology: to establish the age and sex distribution of 

calculus, to assess the association of calculus with socio-economic and behavioural 

factors, and to determine the trends in calculus. The results of epidemiological part of 

this thesis are summarised below under these objectives.

Age and sex distribution: Age is the most important factor in calculus prevalence 

in all study populations. Therefore, the concern that an aging population in the future 

may increase the demand for calculus removal is not unfounded. The mean numbers 

of teeth with calculus range from 6 to 11. The prevalence of calculus was greatest 

between 30 and 50 years of age. The contribution of subgingival calculus to total 

calculus was 50% at younger age groups increasing to 90% in the older age groups. 

At younger age group the USA subjects had greater prevalence of calculus than the 

UK subjects.

The relationship of calculus with sex was not as clear as that of age. Males had 7% 

to 23% more number of teeth with calculus. Subgingival calculus was more in males 

than females. The sex differences were greater in the USA than in the UK.

Relationship with socio-economic and behavioural factors: In all three surveys 

calculus prevalence was influenced by socio-economic factors, but for differences to 

be significant, the gaps in social class had to be wide. Compared the highest socio

economic stratum there was 15% to 80% greater prevalenee in the lower strata, with 

the presence of a definite gradient. It was also found that eurrent smokers had 29%
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more calculus of any type and 83% more subgingival calculus than non-smokers. On 

the other hand toothbrushing to reduce calculus prevalence had to be more than two 

times a day. A visit to dentist once in two years kept the calculus levels low.

Trends in calculus prevalence: The difference between industrialised and 

developing countries in the prevalence of calculus could be more due to subgingival 

calculus. In an industrialised country like Sweden, calculus has reduced over a twenty 

year period and exhibits both period and cohort effects. Between 1983 and 1993 there 

was a reduction in the prevalence of supragingival but not subgingival calculus in 

Sweden. There was also a reduction in smoking and improvement in oral hygiene 

practices. Changing trends in calculus might have been due to changing patterns in 

smoking and oral hygiene.

94



Chapter 6

A systematic review of the effectiveness of 
anti-calculus dentifrices

STAG ES OF THE RESEARCH

Conclusions and implications

Building scenarios

Estimation o f  scaling times for the UK and 
the USA populations

Assessment of anti-calculus 
dentifrices: Systematic review of

Assessment o f  adjusted calculus levels: by 
demographic, by behavioural factors and 

by time periods (trends)

95



Anti-calculus dentifrices: G enesis of a new paradigm

As mentioned earlier, this thesis considers that there may be a parallel between the 

impact fluoride toothpaste had on the decline in dental caries and the possible effects 

of anti- calculus toothpastes on future levels of calculus. Trials of fluoride toothpaste 

demonstrated their effects on caries reduction, yet dental planners did not develop 

scenarios of what that effect would be on populations. A scenario that will be tested 

in this thesis will be the extent to which anti-calculus toothpastes will produce 

declines in dental calculus and the effect of the changes on the scaling times for 

populations. Before that, the evidence for the effectiveness of anti-calculus 

toothpastes had to be examined to estimate the magnitude of their effects on calculus 

reduction. These estimates of effect size will be used in the scenarios using different 

assumptions of dentifrice use. The estimation of the effect size was achieved through 

a systematic review of clinical trials testing the effectiveness of these toothpastes.

6.1 Anti-calculus dentifrices: Genesis of a new 
paradigm

In a state of the art review on anti-calculus agents, Weinstein and Mandel (1964) 

said that:

"A pharmacological agent that could interfere with calculus formation would be a 

tremendous significance in the prophylaxis and treatment of periodontal disease. 

The use of such an agent would become even more important as a public health 

measure to help fill the unmet periodontal needs of an exploding population living 

to an older age."

The times have changed. None of the agents Weinstein and Mandel (1964) 

described are available for general use and yet the concerns are the same. There are 

large needs that may have to be met in an expanding, aging population.
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Mandel (1995) described the historical development of anti-calculus agents. He 

defined two generations of agents. The first generation, in the 1950s and 1960s, 

included earliest attempts directed towards the dissolution of the calculus deposits, 

followed by attempts to interfere with plaque attachment; to inhibit plaque and to 

disrupt plaque matrix. In the 1970s the attention was directed towards crystal growth 

inhibitors and this remains the major strategy.

Since the review by Weinstein and Mandel (1964), many narrative reviews of anti

calculus dentifrices have appeared (Stookey et al., 1989; Volpe et al., 1992; Adams, 

1995; Sanz, 1996; White, 1997; Davies et al., 1997; Fairbrother and Heasman, 2000). 

Although a wide spectrum of agents, ranging from industrial solvents to enzymes 

have been tried, the most successful strategy in controlling calculus has been 

preventing plaque mineralisation and most popular systems have been those based on 

zinc or pyrophosphates.

The use of pyrophosphates as anti-calculus agent can be traced to the observations 

that pyrophosphates prevented the transformation of amorphous calcium phosphate to 

crystalline hydroxyapatite and that saliva of low or no calculus formers contained 

larger concentration of pyrophosphates in comparison with high calculus formers 

(Moreno et al., 1987).

Pyrophosphates are effective inhibitors of hydroxyapatite formation from 

amorphous phases of calcium phosphates (Moreno et al., 1987). This activity is due to 

the P-O-P bond. However phosphatase enzymes in the saliva and from the plaque 

bacteria can hydrolyse this bond making pyrophosphate inactive. Increasing the 

concentration of pyrophosphate, increased retention and clinical efficacy (White et 

al., 1989). Agents that can hinder the action of phosphatase enzymes can reduce the
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concentration of pyrophosphates needed to inhibit calculus crystal growth. Sodium 

fluoride can inhibit the phosphatase, but sodium fluoride alone is not sufficient to 

provide stability of P-O-P bond. The copolymer of maleic acid and polyvinyl methyl 

ether (PVM/MA) can also prevent hydrolysis of P-O-P bond and in addition, PVM/ 

MA itself can inhibit calculus. In vitro experiments have shown that pyrophosphates 

and the copolymer combination do not harm enamel or interfere with enamel 

formation. Pyrophosphates cannot be used with Triclosan since they compete for the 

same attachment sites on the tooth surface (Gaffar et al., 1994). On the other hand, 

polyvinyl ether and maleic acid polymer, which attaches to the tooth surface at the 

same time retains triclosan, is well suited (Gaffar et al., 1997).

Zinc salts also can inhibit calculus crystal growth and in addition can inhibit plaque 

growth. Being cationic, they tend to be retained for longer periods in the mouth 

(Davies et al., 1997). Inhibition of crystal growth is brought about by the adsorption 

of metal ions to surface of the growing crystals and thus prevents the attachment of 

lattice ions (Fairbrother and Heasman, 2000). Zinc can in addition interfere with the 

conversion of amorphous calcium phosphate to crystalline hydroxyapatite.

Again, these anti-calculus agents did not interfere with caries preventive effects of 

fluoride. The pyrophosphates with copolymer do not diffuse into the subsurface 

regions of enamel and once adsorbed on to the hydroxyapatite crystal it hydrolyses 

rapidly to orthophosphate, which is inactive as a crystal growth inhibitor.

These agents are effective against supragingival calculus only. However, none of 

the modem clinical trials try to evaluate the effect on subgingival calculus. There is 

only one study in which some reduction in subgingival calculus was also seen; but not 

to the same level as for supragingival calculus (Suomi et al., 1974).
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Another salient point is that these agents are directed at preventing calculus 

formation. Existing deposits are not affected. On the other hand, calculus formed 

during the use of these agents is similar to early calculus and considered to be easier 

to remove.

More popular dentifrice formulations contain zinc citrate, pyrophosphate or 

Gantrez acid copolymer (a butyl ester of PVM/MA) as calculus inhibitors and 

combine them with triclosan or stannous fluoride both of which have antibacterial 

action. Their aim is to create 'multibenefit' dentifrices acting against plaque, calculus 

and gingivitis. In Appendix C, a survey of the toothpaste market in the UK is 

presented to show how these dentifnces are gaining acceptance by the public.

To gain a better overall idea of the effect of anti-calculus dentifrices required a 

systematic review. In the following section, a systematic review of clinical trials that 

used zinc citrate, pyrophosphate or copolymer as calculus inhibitor in dentifnces is 

presented.

6.2 The effectiveness of anti-calculus dentifrices: A 
systematic review

Almost all discussions of systematic review or meta-analysis try to contrast these 

techniques with the conventional reviews or experts' overviews. Limitations of a 

conventional review might include:

1) Ignoring between study variability,

2) Treating all studies equal, ignoring strength of effects,

3) Ignoring differences between statistical and appreciable significance, and

4) Relying on an overall tally of significant results (Suis and Swain, 1993).
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The major difference between narrative review and systematic review is that the 

latter is conducted in a systematic way and there will be a section in it about the 

materials and methods used (Chalmers, 1995).

Mulrow (1987) showed the shortfalls of reviews in the medical literature and the 

movement towards the systématisation of review procedures started with Oxman and 

Guyatt (1988) publishing checklists to assess quality of medical literature. However, 

it is wrong to say that before systematic review techniques were developed, the 

reviews did not have any scientific substance. In dentistry, for example, there are 

examples of reviews which evaluated the scientific basis of a common practice like 

the six monthly check up (Sheiham, 1977), and/or comprehensively evaluated the 

state of the knowledge with respect to a disease or a factor as in Schroeder (1969). 

Both the illustrative examples, through persuasive presentation of scientific evidence, 

have changed the way in which we thought about the ideas these publications dealt 

with; the first individualised the recall visits and the second, as described above, 

ended the hegemony of calculus over periodontal disease causation.

A theory and practice of critical thinking exist outside health sciences from the 

time of Aristotle. While in literature and philosophy, critical reading was encouraged, 

in Medicine and other health sciences, it was not customary to question the masters, 

until their clay feet were exposed, primarily with the publication by Cochrane (1972), 

which lead to the evidence - based movement and its chief tool, the systematic review.

All types of review suffer from the problem of difficulty in deciding what studies 

to include. It would have been easy if the all studies could be included but including 

poor quality studies reduces the strength and validity of the conclusions of the review. 

Light and Pillemer (1984) suggested that reviewers decide on rules of inclusion and
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exclusion of studies prior to the review. Perhaps the commonest criticism a reviewer 

has to face is about using studies with different operationalisation, the apples and 

oranges problem. Glass et al. (1981) counter by arguing that mixing apples and 

oranges was all right if one is generalising towards fruit. Hunter and Schmidt (1990) 

use this as a proof of need for meta-analysis as they considered the different 

operationalizations as a moderator variable interacting with treatment variables. 

Systematic review and meta-analysis force the reviewers to address these problems. 

The reviewer is made to treat each article or report as a subject of an investigation. As 

a matter of fact, the meta-analysis 'movement’ has brought about changes and 

improvement in reporting the results of a clinical trial (Moher et al., 2001).

6.2.1 Requirements for the systematic review of anti-calculus 
dentifrices

The objective of this systematic review is to assess the evidence on the 

effectiveness of anti-calculus dentifrices, especially those that are commercially 

available. The results of this review will be used in testing the impact of anti-calculus 

dentifrices use in altering scaling times in populations. Hence the studies being 

reviewed should be able to address that problem. A characteristic of the clinical trials 

on anti-calculus agents is the use of a quantitative index, namely the Volpe-Manhold 

Index (VMI), to assess calculus.

To be useful, the results of the review should, in some sense, reflect the real world 

in terms of the active agents in the test products. Experimental products, even if 

highly effective, will not be much use unless they are widely available. Anti-calculus 

agents in commonly available dentifrices in the UK are pyrophosphates, zinc salts and 

PVM/ MA copolymer. A brand of whitening toothpaste contains citroxan with anti

calculus properties.
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To test effectiveness, a study should be of a minimum duration that will capture the 

natural course of calculus formation. Studies on calculus formation had shown this 

period to be 3 months. The Food and Drug Administration and other bodies like the 

Council on Dental Therapeutics of the American Dental Association required at least 

two 6-month studies for accreditation (Volpe et al., 1992). The study design should be 

one that minimises biases. Since meta-analysis will be done with the results of the 

studies reviewed, sufficient information should be available for this purpose. The 

minimum amount of information required for meta-analysis is the point estimate of a 

measure of effect and its variance.

As stated earlier the objective of this systematic review is to assess the evidence on 

the effectiveness of anti-calculus dentifrices, especially those that are commercially 

available.

6.2.2 Materials and Methods

The requirements for a study to be included were translated into specifications for 

identifying and selecting studies.

6.2.2.1 Study identification and selection

A major difference between the systematic review and a narrative review is the use 

of a comprehensive unbiased search method. The search should aim to produce as 

comprehensive a list of published and unpublished studies that match the inclusion 

criteria. The volume of information gathered will affect the precision of the combined 

effect size as well as avoid publication bias. While the Cochrane Collaboration aims 

for as exhaustive a search as possible, others think this unrealistic and reduce the 

point of search to that of not missing a useful paper that lies outside one's regular
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purview and prevent bias due to sticking to habitual channels of communication 

(White and Antczak-Boukoms, 1995).

The major source of clinical trials on dentifrices was the Medline and Embase. In 

addition, patent applications were searched on line to discover whether some 

unpublished reports were mentioned.

The details of the search strategy and selection criteria are given in Appendix E.

6.2.2.2 Data extraction

A systematic review describes the data in more detail than a narrative review. 

Therefore, it is important in a systematic review the data is extracted in a formal and 

standardised manner. This is to avoid vital information being overlooked and also to 

ensure uniformity in the collection of data. This process also will involve coding the 

data so that study features may be used in identifying the causes of heterogeneity 

between studies.

6.2.2.3 Quality a ssessm en t:

Quality of a study may be described as the likelihood of the trial design to generate 

unbiased results. A design producing unbiased result is definitely of higher quality 

than another that is likely to produce biased results. However this refers only to the 

internal validity of the study. The complete assessment of quality should take into 

account a study's external validity, statistical methods as well as ethical aspects also. 

A study of high quality is one that controls for systematic errors as well as one that is 

conducted with the highest standards in design and execution of the trial. The 

assessment of the quality of the study depends on the information available in the 

report. However high quality a study might be, if the report did not contain sufficient

103



The effectiveness of anti-calculus dentifrices: A systematic review

details, the study cannot be judged. Therefore, quality assessment involves the 

assessment of the standards of reporting also. Quality scales are available which gives 

numerical values to elements of study design and reporting. Unfortunately, the scores 

themselves can act as a source of bias. If some aspect of the study design is related to 

the outcome, weighting with quality scores might result in loss of information 

(Greenland, 1987). The last point suggests that in assessing the quality of a study one 

has to decide between how much importance is to be given to design elements and to 

the elements of reporting the study.

Originally, in this study, a quality scale was used but it was abandoned because it 

was realised that it could turn into a source of bias. Most of the studies on anti

calculus dentifrices followed a single predominant study design. In the light of such 

uniformity of design, weighting studies on the basis of reporting characteristics will 

result in the loss of information and, perhaps, introduce errors in judgement.

The detailed specification for inclusion and exclusion given above tend to make 

the studies used in this review to be similar. On the other hand, quality assessment 

cannot identify factors that may contribute to heterogeneity among the studies. For 

example, two studies designed and reported in the same way but carried out in two 

different locations may have the same quality score but could be heterogeneous 

because of the difference in location.

Quality assessment in this study was done by checking whether the study had 

acceptable standards in design, analysis, conduct (ethical considerations) and 

reporting. Acceptable standards include factors like specification of minimum 

significant difference from placebo group, sample size determination, unit of 

randomisation, method of allocation generation, allocation concealment, masking of
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patient, similarity between placebo and test dentifrices, masking of examiner, 

treatment of attrition and dropouts, statistical methods, ethical considerations 

including informed consent and statement of conflict of interests. Acceptable 

standards in reporting are judged by whether the report include statements regarding 

the features described above and whether the report allow to find evidence about 

those statements. A source for this list was the CONSORT descriptor criteria (Moher 

et al., 2001).

6.2.2.4 Quantitative a sse ssm e n t

The outcome of interest from these clinical trials is the difference in the VMI score 

in the group using an anti-calculus dentifrice and the group using placebo dentifrice. 

In addition, the clinical trials report the difference in terms of a percentage of 

reduction. Some reports gave the sites free from calculus but it was not used because 

there was no way for adjusting for the fact that the sites were actually clusters of sites 

with in subjects. There was only one study that gave the results in terms of calculus 

free subjects. That outcome is not used. Few of the older studies measured calculus 

using indices other than VMI. Those were also excluded from analysis. However, 

whether their use will change the direction of effect was examined. It was found not 

to be the case.

Two issues in meta-analysis are how results from different studies can be pooled so 

that 1) the difference between the studies and 2) precision of each study can be 

accounted for. The study differences are a major concern because if sufficient care is 

not used, meta-analysis may end up mixing 'apples and oranges'. Again, different 

studies may use different units of measurement, which cannot be directly pooled. This 

last concern is the easiest to solve. Since the point of interest in a clinical trial is the
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difference between the control group and the test group, it is possible to create a 

standardised measure, which will be unit free. A measure can be standardised by 

describing it in terms of standard deviation units and such a standardised mean 

difference is called the effect size. Three different effect sizes have been used, that of 

Glass, of Cohen and of Hedges. Glass (1976) used the standard deviation of the 

control group to standardise the mean difference, Cohen (1988) used the combined 

standard deviation of both control and experimental group, and Hedges and Olkin 

(1985) used a correction for small samples. In this thesis Cohen's d, as the effect size 

is called, is used. Cohen's d is calculated as

sdcom bined

where d is Cohen's effect size, me and me stands for means in experimental and 

control groups, and sdcombined is the pooled standard deviation. The variance for 

this effect size is given by

where vd is the variance for Cohen's d, ne and nc are the numbers in the experimental 

and control group.

The second issue, precision of the study is based on the concern about how the 

evidence from a large study should be treated compared to a relatively small study. 

During pooling, the precision of each study can be accounted by weighting the effect 

size from each study with its precision, which can be described as the inverse of its
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variance. Since the variance decreases as sample size increases, the weight given to 

each study will be proportional to its sample size, that is, larger studies will receive 

larger weights. If this was the sole concern, meta-analysis would not pose much 

difficulties. As a matter of fact many meta-analyses do not go beyond this point. If 

such was the case, we are treating each study as measuring the same effect with a 

precision which is explained by the within study variance. This model is called the 

fixed effects model. The pooled effect size from the fixed effects model is our 

estimate of the true effect size of the studies used to pool. Since it is assumed that 

each study is measuring the same thing, it does not matter which study is included. 

This results in the assumption that studies are exchangeable, which is hardly the case 

with different studies being pooled. While we have taken care of the internal validity 

in fixed effects model, the pooled effect size may not have any external validity. We 

can have external validity if we account for differences between studies. This is 

achieved though the random effects model. The effect sizes being pooled are 

considered to be a random sample of the possible effect sizes and therefore, we expect 

studies to have differences in their effect sizes. As with any other situation of random 

sampling, we have to assume that we have a random, representative sample of all 

studies there are and this assumption, like the assumption of exchangeability for fixed 

models, can easily be challenged. The precision of our estimate from this sample will 

depend on the variance of the whole sample and consists of variance with in studies 

and variance between studies. Contribution of each study to the precision will depend 

on its own within study variance and its contribution to variance between studies. 

When between study variance is high, that is, when the studies are heterogeneous, the 

within study variance contributes relatively less to the weight each study is given. 

This results in all studies, large or small, getting weights similar to each other. If the
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studies are homogenous, the random effects model weight each study almost like the 

fixed effects model.

Both fixed effects and random effect models were used in the pooling of results of 

this systematic review. ST AT A macros were available for the purpose and were used 

in this study. The macro meta could calculate both fixed effects and random effects 

models given effect sizes and measure of their precision (variance or standard error). 

The macro metan could do the same given the means, standard deviations and the 

numbers in experimental and control group. It could save the effect size and its 

standard error generated internally during calculation as variables. Both macros 

produced Forrest plots, but metan offered better options. In this study, the effect sizes 

were calculated separately before using these macros mainly because meta which 

produces fixed effects and random effects model together was considered more 

convenient. Moreover, the macro metan had a term missing in the calculation of 

Cohen's d. Therefore the macro was modified to add this term before using it for 

creating Forrest plots. The random effect model was calculated with DerSimonian 

and Laird (1986) moment based algorithm. Other iterative methods involving 

restricted maximum likelihood, maximum likelihood and empirical Baye's methods 

were also available (STATA macro metareg). The need for iterative methods is due to 

the fact that the DerSimonian and Laird method assumes that real variance of the 

pooled sample of studies is known while, in reality, it is estimated from the sample 

(Mosteller and Chalmers, 1992). This leads to inflation in the weight given to the 

studies. Iterative methods, which adjust for this uncertainty, can achieve shrinkage in 

the weight.
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However, in this thesis the moment-based algorithm was used because the random 

effect model is presented as a contrast to the fixed model and to highlight any 

differences between them, if present.

6.2.2.S M easurem ent of heterogeneity

Heterogeneity of the studies was measured as the weighted sum of the square of

the deviation of study means from the pooled mean (called Q). It has a distribution 

with degree of freedom equal to one less than number of studies. As a simple heuristic 

if Q was more than the degree of freedom then the heterogeneity is significant.

G.2.2.6 A m ethod to pool percen tages of reduction (prevented fraction)

Dental research, especially in pubic health, reports the effectiveness of an agent as 

percentage of reduction, which is the difference in the outcome measure between 

control group and experimental group expressed as a percentage of control group. 

Usually, the variance of the percentage of reduction is calculated on the basis of a 

binomial distribution. Here a method relying on a relationship between percentage of 

reduction and effect size was used.

For the sake of convenience, the proportion rather than the percentage was used. 

The proportionate reduction or prevented fraction is the ratio of the difference of 

means to the control mean. The effect size is the ratio of the difference of means to the 

pooled standard deviation (Cohen, 1988) or control standard deviation (Glass, 1976). 

Therefore, the effect size is easily transformed to proportionate reduction, by dividing 

with the mean of the control group standardised with the appropriate standard 

deviation as used for effect size calculation. The variance of the effect size can be 

transformed as variance of the proportionate reduction by dividing variance of the 

effect size by the square of the standardised mean of the control. This follows from
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the rule that when a mean is multiplied with a value, the variance of the product is the 

old variance multiplied with the square of the value.

G.2.2.7 Examining publication bias

Systematic reviews themselves are prone to confounding by a variety of biases. Of 

these, the one that had attracted most attention is the publication bias. Publication bias 

is the tendency for authors to submit and editors to accept research results that are 

significant (Dickersin, 1990). As early as 1959, it was noted that 97% of published 

studies in psychology presented significant results, but the word publication bias 

appeared in medical literature only after 20 years (Song et al., 2000). Related to the 

publication bias is the bias due to studies that are never published. Considering the 

multiplicity of avenues to access information. Song et al. (2000) have coined the term 

‘dissemination bias’. It "occurs when the dissemination profile of a study’s results 

depends on the direction or strength of its findings. The dissemination profile is 

defined as the accessibility of research results or the possibility of research findings 

being identified by potential users. The spectrum of the dissemination profile ranges 

from completely inaccessible to easily accessible, according to whether, when, where 

and how research is published" (Song et al., 2000). They reported 13 different 

varieties of dissemination and publication bias. Well known among them were the 

bias towards English language, positive results bias, duplicate publications, grey 

literature bias, and indexing bias. Publication bias could be identified or at least 

suspected if the number of published reports having significant results forms a large 

portion of all published studies. Extending this logic to the factors that can contribute 

to a significant result brings us to the commonest methods for assessing publication 

bias, studying the relationship between sample size of the study and effect size. For a 

small size study to have a significant result requires a large effect size. Therefore, in
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the absence of any bias, a plot of the sample size against study effect will show, small 

sample studies, widely dispersed symmetrically around the average effect and the 

over all shape of the plot will be like an inverted funnel. Light and Pillemer (1984) 

introduced the funnel plot. The funnel plot can reveal bias by the shape (skewness) or 

the presence of white areas representing absence of studies in that domain of the 

graph. If the true effect is 0, at smaller sample sizes, there will not be any studies, 

leaving a large white area. However, the plot will be symmetrical and the combined 

effect size will not be biased (Light and Pillemer, 1984). On the other hand if the true 

effect size is small and positive, then small sample studies will be having large 

positive effect sizes and large studies will have small or negative effect sizes. The 

graph will be skewed and the meta-analysis will produce biased results (Light and 

Pillemer, 1984). While the funnel plot is simple and can visually represent publication 

bias, it has the disadvantage of subjectivity.

Different ways of assessing the asymmetry in a funnel plot have been suggested. 

Begg and Mazumdar (1994) used a rank correlation method to examine the 

association between effect sizes and their variance. This method is non-parametric 

and makes no assumptions. However the method lacks in power so that publication 

bias cannot be ruled out when the test is non- significant (Song et al., 2000). Egger et 

al. (1997) used a linear regression model of standard normal deviate of the effect on 

its precision (inverse of standard error) as a measure of asymmetry of the funnel plot. 

In the presence of asymmetry, the regression line will not pass through the origin. The 

intercept of the regression thus gives a measure of asymmetry. A third measure is the 

'trim and fill' algorithm of Duval and Tweedie (2000). In a general way, this approach 

can be described as measuring asymmetry by noting the amount outlying studies to be 

trimmed or new studies generated to balance the studies in the meta-analysis. ST AT A
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modules funnel, metabias, and metatrim, were used to examine the publication bias in 

this thesis.

6.2.3 Results

The tables describing study characteristics, and individual study results are in 

Appendix E .

Table E.l gives the general details about the reports included in the study. The 

studies spanned more than a decade from 1986 to 1998 and with the exception of 3 

studies all others were in English language publications. More than half of the studies 

were done in USA and, among the remaining studies, 4 were done in Thailand, 5 in 

Europe, 1 in Japan and another in Colombia. The populations studied were urban and 

the community was the predominant setting for the studies. Less than one third of the 

studies mentioned obtaining consent from the participants.

Table E.2 gives the details about the study designs. While majority of the studies 

included details about eligibility of the subjects to enrol in studies, relatively few 

reported on exclusion criteria. With the exception of three studies, all other studies 

required some proof of ability to form calculus and in many cases it was ascertained 

experimentally during a pre-study phase of 3-month duration. Only 3 reports 

mentioned calculating the sample sizes and all reported stratifying on calculus. A 

number of these reports stratified also on age and sex. Only one report mentioned 

using a random number table for randomisation while others did not mention any 

method at all. For most reports the methods of allocation concealment, outcome 

blinding, and masking were indicated only and therefore adequacy of these measures 

could not be ascertained. However, a few reports did give the details. All selected 

studies had more than 3 months follow up and about half of them had multiple
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examinations usually at 3 and 6 months. Some reports indicated dropout rates and if 

the reasons are mentioned they were reported as unrelated to the study. All reports 

analysed their results excluding dropouts.

6.2.3.1 Trials of 3 m onths duration

There were 43 comparisons between a test dentifrice and placebo in trials of 3- 

month duration in 27 trial reports. Of these, 17 comparisons were for pyrophosphate 

dentifrices with concentrations of soluble pyrophosphates of 1.3% (4 studies), 3.3% 

(8 studies) and 5% (5 studies) and 10 comparisons involved combination of 

pyrophosphates and copolymer with different concentrations, 5 studies with 1.3% 

pyrophosphate and 1.5% copolymer and 5 studies with 3.3% pyrophosphate and 

1.0% copolymer. Ten studies involved zinc citrate in different concentrations of 0.5% 

(6 studies), 0.75% (2 studies) and 2.0% (2 studies). Copolymer (2%) alone was the 

active agent in 4 reports. One report each was available for polyphosphates and zinc 

chloride dentifrices.

Table E.3 gives the details of each comparison and also the VMI scores. In most 

studies the number of subjects ranged between 60 and 150. In 4 studies the number of 

subjects ranged between 200 and 300 and one had 964 subjects. Most of the studies 

showed a significant difference between test dentifrice group and placebo group.

Non-significant results were found for 1 study in pyrophosphate 1.3% group 

(Singh et al., 1990), 3 studies in pyrophosphate 3.3% group (Rosling and Lindhe, 

1987; Kazmierczak et al., 1990; Chikte et al., 1992), 3 studies in pyrophosphate 5.0% 

group (Hagiwara et al., 1989; Svatun et al., 1993; Fairbrother et al., 1997), 1 study in 

pyrophosphate 1.3% and copolymer 1.5% group (Schiff et al., 1990), 2 studies in 

pyrophosphate 3.3% and copolymer 1.0% group (Rosling and Lindhe, 1987;
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Triratana et al., 1991), 1 study on zinc citrate 0.75% group (Svatun et al., 1993), 1 

study in zinc citrate 2.0% (Kazmierczak et al., 1990), 2 studies on copolymer 2.0% 

group (Svatun et al., 1993; Fairbrother et al., 1997), and the study with 

polyphosphates (Hagiwara et al., 1989).

Thus, on the whole, 65% of studies (28 comparisons out of 43) found toothpastes 

with anti-calculus agents as significantly reducing VMI scores of calculus. A direct 

comparison of studies is not possible from Table E.3 as there are differences in 

reporting (see table footnote).

Table E.4 shows the effect sizes or standardised mean differences (Cohen's d) for 

the studies. The mean effect sizes ranged from no effect at all for a copolymer 2.0% 

dentifrice (Svatun et al., 1993) to large effects for all dentifrices tested (Katalin et al. 

1995). The directions of the mean effect sizes were negative (smaller raw mean score 

in the test group) for 39 studies, positive for 3 studies and the Svatun et al. (1993) 

study (copolymer group) had 0 as effect size value. Even though the point estimates 

showed a calculus reducing effect, 14 studies included 0 in the confidence intervals of 

the effect size suggesting non-significance. Larger active agent group showed mixed 

results, including studies with no effect as well as those with effects. Most of the 

studies reporting a significant effect reported medium to high effects (d > 0.4). The 

best performance in terms of number of studies with large effects was by 

pyrophosphates 1.3% and copolymer 1.5%, but zinc citrate dentifrices trials had 

larger number of significant outcomes albeit smaller effect sizes.

Table E.4 also presents the proportionate reduction (percentage of reduction is 

obtained by multiplying this value with 100) in calculus scores. The confidence 

intervals are derived from the variance of the effect size. In some cases, the values are
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negative suggesting the test group had a greater amount of calculus. Among the single 

agent toothpastes, copolymer dentifrices had the highest percentage reduction (55- 

67%) (Svatun et al., 1993; Katalin et al., 1995). Toothpastes containing 

pyrophosphates and copolymer showed reductions from 25% to over 50% and zinc 

citrate dentifrices had a range of reductions from 8% to 54%.

Table 6.1 presents the results of meta-analysis of effect sizes for the whole sample 

of studies and for sub-groups based on the levels of active agent in the dentifrices. 

Both fixed effects and random effects results are presented. For all studies the fixed 

effect model showed a reduction of calculus score by 0.4 SD units while random 

effect model showed the effect to be 0.6 SD units. Both values were significant but 

fixed effects model had a narrower confidence interval. The difference between fixed 

and random effect models was significant due to heterogeneity. A part of the 

heterogeneity could be attributed to the fact that the studies involved different active 

agents in different concentrations. This was vindicated when 4 of the nine groups 

representing active agents and their levels did not show heterogeneity when groups 

were analysed separately. These were pyrophosphates 5.0% (d = -0.5, n = 5 studies), 

pyrophosphates 3.3% with copolymer 1.0% (d= -0.8, n = 5), zinc citrate 0.5% (d = - 

0.3, n = 6), and zinc citrate 2.0% (d = -0.4, n = 2). The pyrophosphates 1.3% group 

had an effect size of - 0.3, which was significant under fixed effects model but non

significant under random effects model. The largest effect was seen in pyrophosphate 

1.3% and copolymer 1.5% dentifrices (d = -1.1, n = 5, significant heterogeneity). Two 

studies, one with polyphosphates dentifrices (d = -0.2, non-significant) and other 

having zinc chloride (d = -0.8, significant) were not included in the subgroup meta

analysis.
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Table 6.2 presents the results of meta-analysis of proportionate reduction in 

calculus for the whole sample of studies and for sub-groups based on the levels of 

active agent in the dentifrices. Although results are represented in the table as 

proportions, here they are described as percentages. For the whole group of studies 

fixed effect model gave a reduction of 27% (24% to 30%) while the random effects 

model gave a reduction of 30% (24 to 35%). The test for heterogeneity was 

significant for the whole group while they were non-significant in all but one 

subgroup analyses based on levels of active agents. The 3 pyrophosphate dentifrices 

with concentrations 1.3%, 3.3% and 5% had reductions of 14%, 29% and 22%. The 

two dentifrices with pyrophosphates and copolymer combination had the largest 

reductions (44% to 47%). The zinc citrate dentifrices with concentrations 0.5%, 

0.75% and 2% had reductions of 16%, 36% and 29%. All these results were for the 

fixed model meta- analysis. The copolymer group was the only subgroup that showed 

significant heterogeneity and had 25% reduction under fixed model and 37% under 

random model.

6.2.3 2 Trials of 6 m onths duration

There were 20 comparisons between a test dentifrice and placebo in trials of 6 

month duration in 14 trial reports. Of these 9 comparisons were for pyrophosphate 

dentifnces with concentrations of soluble pyrophosphates of 1.3% (2 studies), 3.3% 

(4studies) and 5% (3 studies) and 4 comparisons involved combination of 

pyrophosphates and copolymer with different concentrations, 3 studies with 1.3% 

pyrophosphate and 1.5% copolymer and 1 study with 3.3% pyrophosphate and 1.0% 

copolymer. Five studies involved zinc citrate in different concentrations of 0.5% (3 

studies) and 0.75% (1 studies). Copolymer (2%) alone was the active agent in 2
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Table 6.1 Meta-analysis of effect sizes at 3 months
No. of 
studies

Fixed effects model Random effects model Hetero
geneity

Mean LCL UCL Mean LCL UCL Q P
All studies 43 -0.446 -0.500 -0.392 -0.562 -0.689 -0.435 211.615 0.000
Pyrophosphates 1.3% 4 -0.281 -0.487 -0.076 -0.289 -0.633 0.055 7.932 0.047
Pyrophosphates 3.3% 8 -0.393 -0.518 -0.268 -0.362 -0.566 -0.158 17.983 0.012
Pyrophosphates 5.0% 5 -0.462 -0.626 -0.298 -0.454 -0.695 -0.212 7.598 0.107
Pphos. 1.3% + Copoly 1.5% 5 -1.066 -1.272 -0.859 -1.127 -1.666 -0.588 26.730 0.000
Pphos. 3.3% + Copoly 1.0% 5 -0.808 -0.997 -0.618 -0.813 -1.075 -0.550 7.559 0.109
Zinc citrate 0.5% 6 -0.242 -0.340 -0.145 -0.310 -0.488 -0.133 10.813 0.055
Zinc citrate 0.75% 2 -0.639 -0.971 -0.307 -0.928 -2.767 0.912 27.579 0.000
Zinc citrate 2.0% 2 -0.373 -0.657 -0.090 -0.378 -0.680 -0.075 1.119 0.290
Copolymer 2.0% 4 -0.521 -0.701 -0.340 -0.813 -1.459 -0.167 30.717 0.000



Table 6.2 Meta-analysis of prevented fraction (proportionate reduction) at 3 months.
No. of 
studies

Fixed effects model Random effects model Hetero
geneity

Mean LCL UCL Mean LCL UCL Q P
All studies 43 0.274 0.245 0.303 0.297 0.241 0.353 130.345 0.000
Pyrophosphates 1.3% 4 0.141 0.046 0.236 0.139 0.018 0.295 6.746 0.080
Pyrophosphates 3.3% 8 0.290 0.214 0.367 0.290 0.203 0.376 8.947 0.347
Pyrophosphates 5.0% 6 0.218 0.129 0.306 0.222 0.059 0.385 6.400 0.094
Pphos. 1.3% + Copoly 1.5% 5 0.474 0.391 0.558 0.463 0.362 0.565 5.531 0.237
Pphos. 3.3% + Copoly 1.0% 5 0.439 0.339 0.539 0.439 0.339 0.539 3.490 0.479
Zinc citrate 0.5% 6 0.163 0.100 0.225 0.179 0.082 0.277 8.747 0.120
Zinc citrate 0.75% 2 0.362 0.248 0.477 0.249 0.122 0.619 3.166 0.075
Zinc citrate 2.0% 2 0.293 0.085 0.500 0.293 0.085 0.500 0.110 0.741
Copolymer 2.0% 4 0.246 0.165 0.327 0.370 0.086 0.653 27.002 0.000
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reports and 1 report for zinc chloride dentifrices. 17 comparisons in 11 reports were 

follow-ons of 3-month trials.

The study sizes for 17 studies ranged between 57 to 124 and 3 studies between 

224 and 257 (Table E.5). Most of the studies showed a significant difference between 

test dentifrice group and placebo group.

Non-significant results were found for 1 study on pyrophosphate 1.3% (Schiff et 

al., 1990), 2 studies on pyrophosphate 3.3% (Rosling and Lindhe, 1987; 

Kazmierczak et al., 1990), and 1 study on copolymer 2.0% (Svatun et al., 1993). 

Except the Schiff et al., (1990) study, the other 3 studied had non-significant results at 

three months also. Eighty percent (16/20) of the comparisons found toothpastes with 

anti-calculus agents as significantly reducing VMI scores of calculus.

The effect sizes or standardised mean differences (Cohen's d) for the studies with 

6-month duration are presented in Table E.6. The size of the effects reported for 6 

month studies were larger and many studies having very high effect. Most notable 

among these was Baraya and Soto (1988) for a pyrophosphates 1.3% dentifrice with 

an effect size of -7.3. However, the other study in the group returned a non-significant 

result (Schiff et al., 1990). Other big effect sizes of about -4 were seen in 

pyrophosphate 1.3% and copolymer 1.5% dentifrice group (Schiff et al., 1990; 

Triratana et al., 1991) and zinc chloride dentifrice (-3) (Lobene et al., 1987). As a 

group, all zinc citrate 0.5% studies returned high effect sizes while pyrophosphate 

studies had effect sizes in all ranges. At 6 months the confidence intervals for the 

studies were narrower. Only one study had 0 included in the interval (Schiff et al.,

1990). On the other hand, t-test revealed 4 studies including this one as non

significant. Three of these non-significant studies were in the pyrophosphate group
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and the fourth in the copolymer group (Schiff et a l, 1990; Rosling and Lindhe, 1987; 

Kazmierczak et ah, 1990; and Svatun et ah, 1993). Looking at the percentage of 

reduction, two studies, one for pyrophosphate 1.3% (Baraya and Soto, 1988) and the 

other zinc citrate (Stephen et ah, 1990) reported near complete (95%) reduction in 

calculus score. However, the majority of the studies had only 20% to 40% reduction 

and no reduction was found in the Schiff et ah (1990) study for the pyrophosphate 

1.3% study.

Meta-analysis of all the studies with 6-month follow-up gave an effect size of -0.7 

(-0.8 to -0.6) for fixed effects model and -1.1 (-1.5 to -0.8) for random effect model 

(Table 6.3). There was significant heterogeneity, some of which disappeared when 

separate analyses were done according to agents and concentration levels. Notable 

among these were the three studies with pyrophosphate 5.0% dentifrices (-0.4. -0.6 to 

-0.3) and zinc citrate 0.5% (-0.7, -1 to -0.6) (fixed effect models). Groups with small 

number of studies with widely differing results showed highly divergent results when 

pooled under fixed and random effects model. Pyrophosphate 1.3% group, with two 

studies, had effect size of -0.7 under fixed effects model and - 1.1 under random 

effects model. Some groups had only one study each.

Table 6.4 presents the results of meta-analysis of proportionate reduction in 

calculus for the whole sample of studies and for sub-groups. Overall percentage of 

reduction was 31% (fixed effects) and 36% (random effects), but with significant 

heterogeneity. Subgrouping reduced the heterogeneity to an extent. Pyrophosphate 

3.3% and 5% groups showed a percentage of reduction of 32% and zinc citrate 0.5% 

group had the same about 46% (all figures for fixed effects). The pyrophosphates 

1.3% group with its two studies with markedly different results produced the unusual
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and uninterpretable result of 48% (-43% to 140%) reduction with random effects 

model.

G.2.3.3 Trials of 12 m onths duration

There are only 3 studies included of 12 months duration (Rustogi et ah, 1991; 

Triratana, Rustogi and Volpe, 1991; and Triratana et ah, 1991). Two of them were 

with pyrophosphates 1.3% and the third was with pyrophosphates 3.3%. The study 

sizes were about 120 (Table E.7).

As the number of studies was small only overall meta-analysis was done (Table 

6.5). The effect size measure d was -6.7 under fixed effects and -13.6 under random 

effects model. The percentage of reduction with fixed effects model was 54% and it 

increased to 76% in the random effects model. Heterogeneity was large for both cases 

and significant.

6.2.3.4 Testing for publication bias

Publication bias was tested in the series of studies of 3-month duration. The funnel 

plot of the inverse of standard error of effect size against effect size shows the 

asymmetry distribution of studies around common effect size and the influence of 

small sized studies with large effects (Figure 6.1).

Statistical tests (Begg and Majumdar, 1994; Egger et ah, 1997) used to estimate the 

bias also showed significant results when all 43 trials were considered together. 

However, when the studies were tested grouped according to the active agent bias was 

found only in studies with zinc salts. All other groups and overall bias adjusted for 

this stratification became nonsignificant. The trim and fill algorithm (Duval and 

Tweedie, 2000), also, did not alter the data, suggesting of lack of bias. However, there
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Table 6.3 Meta-analysis of effect sizes at 6 months

Fixed effects model Random effects model Hetero
geneity

No. of 
studies

Mean LCL UCL Mean LCL UCL Q P

All studies 20 -0.680 -0.772 -0.587 -1.127 -1.472 -0.783 242.438 0.000
Pyrophosphates 1.3% 2 -0.420 -0.867 0.028 -3.623 -10.755 3.509 48.967 0.000
Pyrophosphates 3.3% 4 -0.612 -0.783 -0.441 -0.590 -0.985 -0.196 14.948 0.002
Pyrophosphates 5.0% 3 -0.426 -0.598 -0.254 -0.426 -0.598 -0.254 0.525 0.769
Pyrophosphates 1.3% &copoly- 
mer 1.5%

3 -2.168 -2.549 -1.786 -3.077 -5.639 -0.515 75.768 0.000

Pyrophosphates 3.3% &copoly- 
mer 1.0%

1 -0.695 -1.134 -0.257 -0.695 -1.134 -0.257

Zinc citrate 0.5% 3 -0.726 -0.973 -0.479 -0.726 -0.973 -0.479 1.650 0.438
Zinc citrate 0.75% 1 -0.802 -1.243 -0.361 -0.802 -1.243 -0.361
Copolymer 2.0% 2 -0.464 -0.792 -0.137 -0.593 -1.597 0.411 8.633 0.003
Zinc chloride 2.0% 1 -2.883 -3.821 -1.944 -2.883 -3.821 -1.944



Table 6.4 Meta-analysis of prevented fractions (proportionate reduction) at 6 months
Fixed effects model Random effects model Hetero

geneity
No. of 
studies

Mean LCL UCL Mean LCL UCL Q P

All studies 20 0.314 0.282 0.345 0.364 0.292 0.435 62.559 0.000
Pyrophosphates 1.3% 2 0.421 0.251 0.590 0.489 -0.426 1.404 28.601 0.000
Pyrophosphates 3.3% 4 0.322 0.240 0.405 0.305 0.175 0.435 5.994 0.112
Pyrophosphates 5.0% 3 0.322 0.192 0.451 0.322 0.192 0.451 0.483 0.785
Pyrophosphates 1.3% &copolymer 1.5% 3 0.281 0.241 0.321 0.306 0.207 0.404 7.565 0.023
Pyrophosphates 3.3% &copolymer 1.0% 1 0.422 0.156 0.688 0.422 0.156 0.688
Zinc citrate 0.5% 3 0.456 0.290 0.621 0.540 0.225 0.856 5.849 0.054
Zinc citrate 0.75% 1 0.714 0.321 1.107 0.714 0.321 1.107 •

Copolymer 2.0% 2 0.333 0.167 0.499 0.333 0.167 0.499 0.903 0.342
Zinc chloride 2.0% 1 0.395 0.266 0.523 0.395 0.266 0.523 •
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are other obvious avenues for bias to occur. Almost all reports included authors who 

were involved with the dentifrice industry. No report declared any conflict of interest. 

No non-significant results were reported for a product that belonged to the industrial 

organisation the authors were affiliated with or were innovations. The large number 

of small studies and clustering of studies in a small number of journals, among 

authors and among places of study can also promote bias. However, at present, there 

is no way to objectively measure such biases.

6.2.3.S A dverse effects

Of the 32 reports included in the systematic review, 20 reports reported on the 

absence of adverse effects. The other 12 reports did not mention whether adverse 

effects were present or not.

6.2.3 6 Excluded stud ies

Table E.8 gives the details of some of the excluded studies.

The excluded studies included some with agents not considered in the review 

above: citroxan (Kranz et al., 1991; Lyon et al., 1991), sodium etidronate

(Sturzenberger et al., 1991; Suomi et al., 1974), and calcium lactate (Schaeken and 

van der Hoeven, 1993). Of these only citroxan is present in commercially available 

toothpastes and was not included in the main review because the only studies 

available could not match other inclusion criteria (Kranz et al., 1991; Lyon et al.,

1991). These studies reported a high percentage of reduction in calculus after 3 

months.

In head to head comparison studies (excluded because placebo groups were not 

included), the improved versions of pyrophosphate toothpastes were shown to have
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Table 6.5 Meta-analysis of studies with 12 month duration
Model Cohen's d Proportionate reduction

Mean LCL UCL Mean LCL UCL
Fixed effects -6J33 -7.601 -5.864 0.542 0.476 0.607
Random
effects

-1T58 -21.41 -5.761 0J59 0334 1.184

Q 84.154 52.616

p 0.000 0.000

greater calculus reduction properties (Lu et al, 1988; Sowinski et al, 1998; Sowinski 

et al, 1999). Similarly, studies using crossover designs (excluded due to the study 

design) also showed the significant effect of pyrophosphate dentifrices in calculus 

reduction (van der Burgt and Klaassen, 1988; Kurbad et al, 1991). Bollmer et al.

Figure 6.1 Funnel plot to detect publication bias in the studies selected for the 
systematic review of anti-calculus dentifrices
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(1995) reported the calculus reduction effect to be maintained even in the presence of 

a calculus-promoting agent, chlorhexidine.

Some of the excluded studies reported on effects that were not mentioned in other 

studies. Kranz et al. (1991) showed that the effect of prophylaxis and the use of anti

calculus toothpastes were additive, which suggest that they can increase the interval 

between scalings. VMI was shown to be more sensitive than other indices in detecting 

small changes in calculus in the study by Sturzenberger et al. (1971). While this 

sensitivity is good for clinical trials, it might mean clinically insignificant calculus 

reduction might be shown as significant by this index. However, the only study 

reporting on reduction in VMI and the clinically significant measure, reduction in 

number of teeth with calculus, reported almost the same reduction (-20%) in both 

measures (Bollmer, 1995).

The study by Suomi et al. (1974) proved that the benefits of tartar control 

dentifrices increases with continual use, a result supported by later studies where 

repeated measurements were available on the same subjects. The study also showed 

that these dentifiices might have an effect on subgingival calculus also. However, 

there is no reproduction of this result, mainly because no one had looked for it again. 

More significantly for this thesis, they showed that scaling time in the control and test 

groups differed only by a minute (36.3 minutes control, 35.2 minutes test).

Excluded studies also included those that tried different methods to reduce study 

duration. Disney et al. (1989) used mylar strips to study calculus accumulation over a 

week in groups using control and test dentifrices containing zinc citrate of different 

concentrations. They were able to show that 4% zinc citrate reduced calculus 

accumulation significantly. Santos et al. (1999) could demonstrate calculus reducing
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ability of test dentifrice using a toothshield that prevents the disturbance of plaque in 

the lower anterior teeth.

Non-significant results were reported in 4 excluded studies (Disney et al., 1989; 

Taller, 1990; Tanner et al., 1990; Sanz et al., 1994).

One study, Banoczy et al. (1995), was a duplicate publication of another (Katalin 

et al., 1995).

6.2.4 Discussion

This systematic review of anti-calculus dentifrices indicates that they may be 

effective in inhibiting calculus formation. Although the earliest attempt in calculus 

prevention was similar to prevention of scale formation in industrial settings, trying to 

dissolve calculus, often using industrial solvents, were doomed to fail due to collateral 

damage to the dental tissues (Weinberg and Mandel 1964; Stookey et al. 1989; 

Mandel 1995). The excerpt from Mark Twain is a reminder of that era. The advent of 

crystal growth inhibitors like pyrophosphates, zinc salts and polyvinyl ester and 

maleic acid could be considered to mark the real beginning of the anti-calculus 

dentifrice age harking back not more than four decades or so. Therefore in specifying 

the research question, as done here, no loss has occurred in the general scope of the 

subject of anti-calculus dentifrices. Recent narrative reviews also support this 

assertion.

Although only 3 active agents were involved, the review revealed that the studies 

could be divided into 9 strata depending on active agents, singly and in combination, 

and their concentrations. In addition, comparisons could be classified in terms of 

duration of studies into three, as those with 3 month, 6-month and 12-month duration.
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Volpe et al. (1965) had shown that calculus formation reaches a steady state by 3 

months after a prophylaxis. Therefore, the effectiveness of an anti-calculus agent 

could be demonstrated with in three months. Based on this assumption they described 

a study design to test anti-calculus dentifrices (Volpe et al., 1992), which has been 

followed by most investigators in this area. The design was a double blind parallel 

study between test and control dentifrices. The experimental phase was often 

preceded by a pre-test phase when the subjects' ability to form calculus was 

ascertained. In the absence of this pre-test phase, subjects who had large amount of 

calculus were chosen for the study. So that, the effects described here were for those 

who form large amount of calculus. One direct effect of this study design is that the 

anti-calculus effects tend to be exaggerated when study results are extrapolated to the 

population. Hagiwara et al. (1989) report that high calculus formers in their study 

groups enjoyed larger reductions in the calculus scores. Therefore, in a population 

where calculus levels were low, the anti-calculus dentifrices might have lesser impact 

than expected. However, studies done in populations known to produce large amounts 

of calculus (e.g. Thai population, Triratana et al., 1991) did not show any large effect. 

Bollmer et al. (1995) showed that in the presence of a calculus promoting agent, 

chlorhexidine, the anti-calculus effect might become significant only after longer use. 

Sanz et al. (1994) did not find any significant calculus reduction for zinc lactate in 

their study where subjects used chlorhexidine. The Thai studies showed that anti 

calculus effects were higher in those studies with longer duration (at 3 months one of 

two comparisons were non-significant while at 12 months, the Thai studies reported 

more than 50% reduction of calculus in the test dentifrice groups).

Some authors had tried to overcome the effect of baseline risk by adjusting for 

baseline VMI scores while reporting their results. Where both adjusted and
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unadjusted results were available, there was not much difference in the effect sizes 

between the two results (Fairbrother et ah, 1997; Segretto et ah 1998; Kohut et ah, 

1997). Another consideration is that a placebo effect might be present. Two studies 

where 'no treatment' groups were present suggested the possibility of a placebo effect 

(Triratana et ah, 1991; Rustogi et ah, 1991).

The choice of Volpe-Manhold Index as the outcome measure was based on its 

popularity as well as its sensitivity to calculus change. Studies where it was used in 

conjunction with other indices suggest that the choice was right. Decision to do meta

analysis on the effect size rather than raw mean scores was based on the fact that there 

were differences in the way VMI was reported. Some studies reported mean VMI per 

site, while others reported the total score and a few studies reported VMI adjusted for 

baseline risk. Cohen's d was chosen as effect size because it was easy to calculate and 

interpret. Percentage of reduction is a common way of expressing the effect of 

preventive agents in dentistry. So it was also chosen for meta- analysis.

The overall effect size of anti-calculus dentifrices at 3 months, under the fixed 

effects model, was -0.45, which increases to -0.68 at six months. The random effects 

model gave larger effect sizes and greater changes. Correspondingly, the percentages 

of reduction were 27% and 31%. However, this overall value has no other meaning 

than to specify the anti- calculus dentifrices reduces calculus. Two factors that 

undermine the worth of the over all estimate were the large amount of heterogeneity 

among the comparisons and the fact that many comparisons were clustered within the 

same report. The second problem arose because many multiple comparisons with in a 

report were dealt as if they were separate studies. Dealing with each active agent 

individually solved both the problems. A relationship was also found for the anti
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calculus action and concentration of the agent. Therefore, subgrouping had to take 

that also into account.

The three months results indicate that the most effective anti-calculus dentifrices 

were those containing pyrophosphates and PVM/MA copolymer. They reduce 

calculus by 0.8 to 1.1 standard deviation units or 44% to 47%. Individually, 

pyrophosphates and copolymer did not do as well as zinc citrate. Again, the best 

combination had a lower concentration of pyrophosphates (1.3%) and higher 

concentration of the copolymer (1.5%). Copolymer by itself was better than 

pyrophosphates. Only 0.75% zinc citrate showed better anti-calculus effect than 

copolymer. The results also showed that the effect fell off after a certain concentration 

of the agent, and, therefore, higher calculus reduction was not found at the highest 

concentration of the agent.

At six months, the anti-calculus effects of copolymer showed some improvement 

but not as much as for pyrophosphates and zinc salts. Still, the best performing 

dentifrice was the one with 1.3% pyrophosphates and 1.5% copolymer. Only studies 

with pyrophosphate-copolymer dentifrices were available at 12-month duration. They 

exhibited the same high effects as before.

These results suggest that anti-calculus dentifrices can vary in their effectiveness 

depending on their active agents and their concentrations. This is obscured when 

dentifrices are marketed under the rubric 'tartar-control'. This brand related 

effectiveness would not be found for anti-caries or gum protection dentifrices, since 

all brands would use the same active agent.

Heterogeneity was controlled to a great extent when studies were subgrouped on 

the basis of agents and concentration. At three months, when percentage of reduction
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was pooled only copolymer studies showed any heterogeneity. On the other hand 

many more, groups showed significant heterogeneity when effect sizes are pooled. 

The reduced number of studies, in each subgroup, at six months is reflected in larger 

heterogeneity.

At this point, it will be useful to explain the differences between measuring effect 

as effect size and as percentage of reduction. This also will help in understanding why 

the percentage of reduction shows greater homogeneity than the effect size while both 

are related. The effect size, although unit free, is an absolute measure and it localises 

the population under study on a standard normal distribution. It is, in fact, the distance 

between the location of control group and test group on this distribution. The 

percentage of reduction expresses this distance as a ratio of the location of the control 

group and therefore is a relative measure. The effect of an anti-calculus agent is 

dependant on competing with calcium and phosphate ions and it is possible to 

conceive a scenario where the proportion of sites (on growing calculus crystals) 

blocked remain constant while the number of sites blocked varies with available 

number of sites. The percentage of reduction represents this proportion and the effect 

size represents the number of sites. Therefore, the percentage of reduction can remain 

constant while the effect size varies with the intensity of calculus formation. The 

percentage of reduction is thus dependant only on the mode of action (how the ions 

compete for sites of calcification) while effect size is influenced by all factors that can 

influence calculus formation. The chances are that these factors may vary 

considerably between trial populations. Hence, for a particular group with similar 

mode of action percentage of reduction can remain homogenous across trials while 

the effect size shows heterogeneity. The fact that heterogeneity disappeared for
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percentage of reduction when the studies were grouped according to the active agent 

supports this explanation.

The significance of publication bias, in recent years, was highlighted by the 

controversy over environmental exposure to tobacco smoke and cancer (Misakian and 

Bero, 1998). The traditional approach to the examination of publication bias is the 

fimnel plot. The funnel plot of the 43 comparisons for 3-month studies showed 

considerable asymmetry suggestive of existence of publication bias. However, the 

bias disappeared when subgroup based on active agents were studied.

It is evident that in anti-calculus trials, formulations that are already commercially 

available in the market or planned to be marketed are being tested. It is also evident 

that almost all the research is supported directly or indirectly by industry. In this case, 

trials that test one's own product containing a particular active agent against an 

existing rival brand with a different active agent may be published with bias (that is 

publishing only significant results in one's favour). However, this report can contain a 

non-significant result for the rival agent. Therefore, when trials are tested for 

publication bias grouped on active agents, the publication bias may not be revealed. 

This is a drawback, of defining publication bias solely on the basis of strength of 

effect. In disseminating a result, several other factors may play their parts. Another 

disadvantage of testing publication bias in this way may be due to the fact that the 

tested agents could be highly efficacious in certain groups so that small studies may 

pick up large effects. The real problem about determining publication bias (or any 

other bias) is our lack of knowledge regarding the 'true' results. Bias is defined as 

systematic deviation from this unknown 'true' value. The controversy whether meta

analysis or large clinical trials are the best estimate of this true value will remain
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unresolved. Therefore, the worth of pooled results is heavily dependant on the quality 

and methodological rigor of the systematic review.

This systematic review did reveal that quality of reporting clinical trials in 

dentistry should be improved. Despite the fact that these clinical trials had a design 

specified for them (Volpe et al., 1992), there are obvious lacunae. Two significant 

lapses are; 1 ) not specifying whether a sample size has been determined for the trial 

and assumptions used to determine that sample size and, 2 ) not reporting whether 

consent was obtained from the subjects. In addition, not many reports gave the 

methods of allocation concealment and blinding. In the absence of such descriptions, 

adequacy or inadequacy of the methods could not be judged.

6.3 Summary
The objective of this study was to establish the efficacy of anti-calculus dentifrices 

through a systematic review. The analysis of UK market showed that multi-benefit 

toothpastes are gaining popularity and are price insensitive (Appendix C). The 

systematic review of clinical trials revealed that these toothpastes could reduce 

calculus by 27% after 3 months, 34% after 6  months and 54% after 12 months use. 

The majority of the studies dealt with dentifrices containing pyrophosphates with or 

without copolymer. The presence of copolymer increased the efficacy of 

pyrophosphate dentifrices. The results of the meta-analysis are used in Chapter 9 to 

build scenarios of the impact of use on anti-calculus dentihices. In the next chapter, a 

method of estimation of time to scale off calculus is described and validated.
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The Scenarios used in this study will examine the benefits of changing lifestyles 

and access to anti-calculus dentifrices in terms of reduced costs of dental care. From 

the public health point of view, a very good measure of the cost is the manpower 

required for treating the population. Any estimate of health manpower need will 

involve time to treat and, in the case of dental calculus, the time required to scale off 

calculus has been used to identify the level of manpower needs (Oliver et al., 1989; 

Manji and Sheiham, 1986).

In this chapter, the development of an algorithm to estimate scaling time is 

described.

7.1 Overview of scaling timings reported in published 
studies

Removal of calculus by professional cleaning of teeth includes two activities: 

scaling and root planing. There is a conceptual difference between the two: scaling 

refers to the removal of accretions on the tooth surface by instrumentation while root 

planing involves removal of the surface layers of dental tissues (dentine and 

cementum) which are rough, inculcated with calculus or polluted by bacteria or their 

toxins (Holmgren, 1997). Removal of supragingival calculus is in the domain of 

scaling while subgingival calculus may require root planing also as a treatment 

method. In practice these two methods are difficult to study in isolation and 

professional tooth cleaning does not usually divide removal of the two types of 

calculus into two separate phases.

Holmgren (1997) compared different timings reported in the literature by 

converting all units of measurement into a common base, the sextant, and gave figures 

ranging from 2 minutes to 72 minutes per sextant.
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As reported in the studies, scaling times vary depending on many factors. 

However, there were only a few studies where these factors were compared within the 

same study. Therefore the conclusions summarized in Table 7.1 are best considered as 

general trends observed in an overview of the studies. The studies included are 

restricted to those dealing with scaling alone and also to those that gave information 

regarding different conditions that influence the timings. There was much variability 

in the reporting of study results. Timings were reported per tooth, sextant, quadrant or 

person. The settings where timings were estimated differed from teaching clinics to 

private practices. The personnel doing the scaling varied from dental hygiene trainees 

to specialist periodontists. Periodontal conditions varied from normal to shallow and 

deep pockets. Instrumentation included manual and ultrasonic scaling.

Ekanayaka and Sheiham (1978) reported that the scaling time varied with the 

amount of calculus and the severity of dental conditions. The greater the magnitude of 

these conditions more time was taken for scaling. Holmgren (1997) found that the 

time required to scale increased with increase in the highest CPITN score given to a 

subject. For initial scaling at the baseline, the average time required to scale was 19, 

26 and 40 minutes for subjects whose highest CPITN scores were 2, 3 and 4. Timings 

from those studies where patients had deeper probing depths (4-7mm) were greater 

than those from studies where patients had shallower probing depths (<3mm). For 

example, Donzé et al. (1973) reported an average of 4.2 minutes per tooth for those 

who had pockets less than 4 mm compared to the derived value of 12 minutes for 

those who had deeper pockets in the study by Laurell and Pettersson (1988). Related 

to these factors are the findings that showed greater timings for scaling mandibular 

teeth than the maxillary (Stewart et al., 1967; Donzé et al., 1973) and for molars more 

than the non-molar teeth (Nordland et al., 1987). Ekanayaka and Sheiham (1978) also
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Table 7.1 Influence of different conditions on scaling time (minutes)
Reference Unit Number Mean SD Number Mean SD Comments

Condition: Method of instrumentation
Manual scaling Ultrasonic scaling

Sorrin & Ewen, 1965 Tooth 18* 0 . 6
0 .2 ** 18* 0.5

0 .2 ** * Patients ** Range/ 6

Donzé et al. 1973 Tooth 1 0 0 4.2 2 . 6 1 0 0 2 . 0 1 . 2 Maxillary teeth
Donzé et al. 1973 Tooth 65.0 5.1 2 . 6 6.5 2.4 1 . 2 Mandibular teeth
Laurell & Petersson, 1988 Tooth 1 2 * 1 2 . 0 3.0 1 2 8 . 0 5.0 Patients, Air turbine scaling
Forrest, 1967 Quadrant 16.0 1 2 . 2 Dental Hygiene students
Stewart et al., 1967 Quadrant 92* 12.3 92.0 12.3 *Patients maxillary quadrants
Stewart et al., 1967 Quadrant 92* 20.4 92.0 17.9 *Patients mandibular quadrants
Jarabak, 1961 Person 45* >300 2 0 * * Maximum

Condition: Area of the mouth
Maxillary Mandibular

Donzé et al. 1973 Tooth 35 2.5 1 . 2 65.0 5.1 2 . 6 Manual scaling
Donzé et al. 1973 Tooth 35. 1 . 2 0 . 8 65.0 2.4 1 . 2 Ultrasonic scaling
Stewart et al., 1967 Quadrant 92 12.3 92.0 20.4 Manual scaling
Stewart et al., 1967 Quadrant 92. 12.3 92.0 17.9 Ultrasonic scaling



Table 7.1 Influence of different conditions on scaling time (minutes)
Reference Unit Number Mean SD Number Mean SD Comments

Condition: Type of tooth
Non-molar Molar

Nordland et a l, 1987 Tooth 19* 3.2 19.0 6.7 Manual and Ultrasonic scaling
Condition: Operator
Dentist Hygienist

Nash et a l 1979 Quadrant 739 29.0 36.0
Condition: Pocket Depth

< 4mm 
(Donzé et a l 1973)

> 4mm
(Laurell and Petersson, 1988)

Tooth 1 0 0 4.2 2.6 1 2 * 1 2 . 0 3.0 Patients * Hygiene students
Condition: Type of Visit
Initial Maintenance

Holmgren 1997 Sextant 129 23.1 1 1 . 6 129 6.8 4.6 Controls Phases A & B

I
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found higher timings (more than 2.5 times) in the hospital clinic compared to an 

industrial dental clinic. Timings reported from studies set in dental school clinics 

(Johansen et a l, 1973; Bellini and Gjermo, 1973) were higher than those from dental 

practice settings (Heloe, 1973; Scarrott, 1976). Private patients received scaling for a 

longer duration than patients on welfare programs (Holmgren, 1997). The timings 

varied for operators with different training and experience. Dentists (29 minutes) took 

less time than dental hygienists (36 minutes) (Nash et a l, 1979) and trainees took 

more time than the experienced professionals (Stewart et al., 1967; Hetland et al., 

1981; Laurell and Pettersson, 1988). The timings for periodontists fell between those 

for dentists and hygienists (20 minutes/quadrant) (Markkanen et a l, 1979). The 

method of instrumentation, as expected, can affect the timings. Ultrasonic scaling 

reduced the time required for scaling by a factor of two (Donzé et al., 1973) and air- 

turbines by 1.5 times (Laurell and Pettersson, 1988) when compared to hand scaling. 

The air turbine scaling took slightly longer than ultrasonic scaling (Lie and Leknes, 

1985; Loos et al., 1987). Time required to scale during the initial visit (23 minutes) 

was more than time required to scale during maintenance visits (7 minutes) 

(Holmgren, 1997).

7.1.1 Timings in Periodontal treatment need systems

Various treatment need systems have been advocated for periodontal conditions 

since the early 1950s. These tried to correlate a range of clinical findings to a standard 

of treatment. Some of these systems had exploited the standard treatment to suggest 

suitable timings for them so that it became possible to translate actual disease levels in 

the population into cost or manpower. The systems were intended for the whole 

treatment associated with a condition while this thesis is concerned only with time 

required to remove calculus. Johansen et al. (1973) in their Periodontal Treatment
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Need System (PTNS) suggested 30 minutes per quadrant for supragingival scaling. 

Heloe (1973) reduced the time to 15 minutes for supragingival scaling and 60 minutes 

for subgingival scaling. Markkanen et al. (1979) gave 30 minutes per quadrant for 

supra- or subgingival scaling. In the presence of periodontal pockets time could 

double or triple if the condition was wide spread in the mouth.

The WHO bad suggested a scaling time of 20 minutes per sextant. But this did not 

take into consideration the variations that exist between individuals. Manji and 

Sheiham (1986) tried to overcome this wide range of difference by calculating time 

required for population at three levels: the WHO timings, 50 percent less and 50 

percent more than the means. Oliver et al. (1989) determined the treatment needs of 

USA population taking into account the severity of the periodontal conditions. Their 

time for scaling was 45 minutes per person in cases with gingival inflammation. 

However the times jump to 20 to 30 minutes per quadrant in cases where pockets 

were present.

7.1.2 Conclusions from the review

The variations in the magnitude of time required to scale described above must be 

reflecting to an extent the differences in prevalence of calculus among the populations 

in which time estimations were done. The application of the recommended treatment 

need systems to assess population needs had ignored individual variations and 

heterogeneity.

7.2 Choosing a measure of timing for scaling teeth

7.2.1 Options available

There are different options that may be exercised in this situation.
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1. To choose the smallest and the largest values in comparable groups. Groups are 

determined by the factors that may influence scaling time (see below) and the unit 

measured (tooth, sextant, quadrant or person).

2. Select the most suitable study and use the values given there.

3. Determine the relative magnitude of timings for different conditions (e.g. scal

ing maxillary vs. mandibular teeth, patients with shallow vs. deep pockets) by 

using suitable studies.

The unit of timings, tooth, sextant, quadrant or person, has to be decided on the 

basis of the amount of information gained by using smaller units. This obviously 

depends on the information available in the data sets. When a smaller unit is used, the 

disadvantage is in the amount of computation required and the advantage is in the 

precision of the time estimated. To illustrate, if time per sextant is used, the same 

estimate will prevail for sextant with one tooth with calculus or with all teeth with 

calculus. This loss of information progressively becomes larger as the unit increases 

in size. Conversely, in real life, the operator does not scale teeth singly according to 

the presence of calculus but through the whole or parts of the mouth. In this case the 

single tooth timings underestimates the time spent on scaling

The first option, using the largest and smallest timing reported in the literature, 

rules itself out by the wide gap between the two so that the two estimates (one based 

on the minimum and the other on the maximum values) will be so different as to be 

unsuitable. In Holmgren's comparison the smallest time for hand scaling a sextant was 

2 minutes and the highest was 72 minutes (Holmgren, 1997).

The second option, of using selected studies, is convenient in the sense that it 

reduces number of decisions to make before estimating the time but has the
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disadvantage that there was no single study which gave timings for all the different 

units and conditions. Therefore, one will be forced to choose from different studies, 

which have their validity restricted by the study setting and differing combinations of 

units and conditions.

The third option, determining the relative magnitude of timings for different 

conditions, forces one to be eclectic in the choice of studies. But by determining the 

relative magnitude of timings instead of using the absolute values one can circumvent 

the problem of lack of external validity. This option was selected in this thesis, as it 

would allow the maximum use of information available in the epidemiological 

surveys.

The author devised the definition of the relative magnitude of time and the 

algorithm based on it estimate scaling time using epidemiological datasets. The 

algorithm was realized as a computer programme that allowed for various parameters, 

with or without random variation for Monte Carlo studies, to be set.

7.2.2 Defining the relative magnitude of timing (RMT)

The relative magnitude of timing (RMT) for a condition (e.g. time required for 

scaling mandibular vs. maxillary teeth) is defined as

RM T =
SD

where tl and t2  refers to mean timings for different values of the condition and ideally, 

SD (standard deviation), should refer to the pooled standard deviation of tj and X2 

However, many studies do not give sufficient information for calculating pooled SD
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in which case the SD of tl will be used. This is equivalent to the calculation of effect 

size (d) in meta-analysis of clinical trials. We assume that with in the context of the 

study, only effect on differences in timing was produced by the condition of interest. 

This is just an assumption made for convenience, which might not hold true because 

the studies were not randomised and controlled. Where the information was limited to 

mean timings only, the relative magnitude had to be calculated as the ratio.

RMT  = -
h

where and tj have the same meaning as above.

There is scant information regarding the amount of calculus and the time required 

for scaling. Ekanayaka and Sheiham (1978) gave scaling time by the calculus indices, 

separately for supra-gingival, sub-gingival and composite scores (Table 7.2). They 

also correlated calculus scores to time required for scaling. The use of absolute 

values given by them was limited by the specificity of the index used (OHI with 

modification) and the grossness of the unit (person). But then the correlation 

coefficients they provide are very useful in modelling time requirements. The 

correlation coefficient can yield RMT (relative magnitude of timing) as in the other 

conditions above but with a different procedure. For this purpose, correlation 

coefficient r should be understood as the standardised regression coefficient of y on x. 

Then, the estimated y = rx, which means that for every increase of one SD unit on x, 

there will be corresponding increase of r SD units on the estimated y. This fact can be 

suitably exploited in modelling the time requirements. For example, using the 

information in Table 7.2 for combined calculus, 1 standard division change in
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calculus will result in an increase or decrease of 0.53 SD unit of time, depending on 

the direction of change. Since these are standardised units the scales of measurement 

become unimportant.

Within the scope of the present study, it was considered important to account for 

the method of instrumentation (hand scaling or ultrasonic scaling), the area of the 

mouth being scaled (maxillary or mandibular, anterior or posterior), operator (dentist 

or hygienists), pocket depth (less than 4mm or equal to or more than 4mm), type of 

visit (initial or maintenance) and amount of calculus. The clinical setting, though 

found to influence the timings was not considered since it will be difficult to assume 

the relative distribution of settings in which people can get their calculus removed at 

the population level. Similarly, the differences due to experience and specialization 

were also ignored.

Based on the studies in Table 7.1 and the discussion above, assumptions to 

estimate the time required to remove calculus using different options and suited to the 

unit used to report calculus in different data sets were made.

Table 7.2 Correlation between amount of calculus and time required for 
scaling

Number of sub
jects

Spearman Corre
lation

Supragingival calculus 
Index

62 0.63

Subgingival calculus 
Index

62 0.53

Composite calculus index 62 0.53
Based on Ekanayaka, 1976
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7.2.2.1 A ssum ptions:
1. Hygienists take 1.24 times more time than dentists to scale (Nash et al., 1979).

2. The maintenance scaling time will be less by 1.41 SD units than initial visit 

(Holmgren, 1997).

3. Mandibular teeth will be take more time to scale, by 1 SD units, than maxillary 

teeth (Donzé et al., 1973).

4. Teeth with pockets 4 mm or more deep will be 2.6 SD units ahead of those with 

pocket depths below 4 mm in time required for scaling (Donzé et al., 1973; Laurell 

and Pettersson, 1988).

5. Ultrasonic scaling will be 1 SD unit behind hand scaling in time required for 

scaling (Donzé et al., 1973; Laurell and Pettersson, 1988).

6 . Molar teeth take 2.09 times more time to scale than non-molar tooth (Nordland 

et al., 1987). This assumption was made because in the conditions described the 

multi-rooted nature of molar teeth would demand more time. This assumption was 

intuitively correct since in the conditions specified a molar tooth with two roots 

will have twice the area to be cleaned compared to a single rooted non-molar tooth.

7. The reduction in time required to scale with reduction in calculus will be calcu

lated on the basis of the correlation coefficients given by Ekanayaka and Sheiham 

(1978).

As can be seen from the Table 7.1, detailed and objective assumptions based on 

available information can be made only on the basis of the tooth as the unit. 

Conversely, there are guidelines for estimating timings on the basis of sextant, 

quadrant and subjects (WHO, Geneva, 1978; Johansen, 1973; Oliver et al., 1989).

The information on time required for scaling to determine population based 

treatment and manpower needs, shows high variability in times. The studies done to
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estimate times reported values that were larger than other studies that had determined 

the scaling time on the basis of survey of large numbers of operators or patients. Thus 

Scarrott (1976), from a sample of 11,845 NHS dentists in general dental practice, 

found the mean scaling and polishing time to be 11.6 minutes per person. Rosenberg 

et al. (1986) estimated the time to be 13.9 minutes per person from a sample of 3316 

patients. The most recent estimates from the British Dental Association were just 

above 15 minutes per patient for scaling (Beame and Kravitz, 2000).

The scaling time assessments using relative magnitude (RMT) described above try 

to adjust for the individual variations by considering different conditions. Yet it 

might also be another pebble in the sea of existing uncertainty. The major 

contribution to the uncertainty is expected from two sources: 1 ) the index tooth and 

conditions selected based on which the time will be determined, and 2 ) the method of 

manipulating the relative magnitudes. These difficulties arose because there was no 

information on the time required for removing calculus where all the conditions had 

been studied. Therefore, the RMTs (Relative Magnitude Time estimates) were forced 

to be calculated from different studies. An index tooth needed to be identified as the 

timing changes depending on the position and type of tooth. The index tooth would 

provide the reference on which the timings for the rest of the teeth could be 

calculated. Again, when RMTs were SD units, the assumption was that the presence 

of a condition shifted the value of time by RMT times the SD to the right or left. For 

example if it took a mean time of 2 minutes with a SD of 1 minute to scale a maxillary 

tooth, using the assumptions given above we could postulate 3 minutes (Mean + 1 

SD) to scale a mandibular tooth. Unfortunately when another condition was 

considered (e.g. pocket >4mm) then we had to know the distribution of the new value 

we derived to do the same operation and determine the time for scaling a mandibular
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tooth with pocket. A way to resolve this situation was to assume the ratio of SD to the 

mean (Coefficient of Variation, CV) for the derived value would be the same as the 

CV for the original studies used for finding the RMTs.

The index tooth was considered as a maxillary, non-molar tooth with pockets less 

than 4mm that was scaled by a dentist. This choice was made because these 

conditions represent the lower limit of the range of timings. The dentist was assumed 

to be scaling manually, as it was more common among the studies than ultrasonic 

scaling. In the absence of a single reliable value to use, a range of values 0.5, 1.5, 2.5 

and 3.5 minutes was used as the time required to scale this index tooth in the studies 

described below, and often 1.5 minutes was used as a reasonable standard.

Another important assumption to be made was regarding the nature of distribution 

of these values calculated. These values were considered to be the means of normal 

distributions with some specific standard deviations. However, the standard 

deviations were not available and had to be computed using the coefficient of 

variation assumption above. In the data from Donzé et al. (1973), the coefficient of 

variation ranged from 0.5 to 0.62 under different conditions. Therefore, it was safe to

Table 7.3 Coefficients of variation in scaling time under different conditions
Condition Coefficient of variation
Instrumentation Hand Ultrasonic

0 . 6 0 . 6

Area of mouth Maxilla Mandible
0.55 0.5

Pocket Less than 4mm 4mm or more
0 . 6 0.25

Type of visit Initial Maintenance
0.5 0 . 6 8
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Table 7.4 Parameters describing the relative magnitude of scaling time under 
different conditions

Scenario Mean
(mts)

SD CV

Initial value -  non-molar tooth in maxilla, no pockets, manual scaling by den
tist, initial visit
Scaling time 1 0.5 0.31 0.62

2 1.5 0.93 0.62
3 2.5 1.15 0.62
4 3.5 2.17 0.62

Calculus 1 SD change - 0.53 SD change
Modifier

Rela
tive*

Scalar CV*

Calculus Heavy +1.8 SD 0.5
Dental vari
ables Pocket >4 mm +2.6 SD > 4mm 0.25

Arch: Mandible +1 SD Mandible
0.5

Operational
variables

Ultrasonic instru
mentation

-ISD 0 . 6

Maintenance visit -1.41 SD Mainte
nance 0 . 6 8

Scalar vari
ables

Molar 2.09
Hygienist 1.24

SD Standard Deviation, CV Coefficient o f Variation, mts Minutes 
* The parameter under relative is used to find the scaling time when the modifier is present 

and the parameter under CV is used to find the SD of this new value.

assume a coefficient of variation of 0.62 (the largest value) for the range of values. 

Table 7.3 describes a selection of coefficients of variations that could be used.

In Table 7.4, the parameters that were constructed from above review of studies 

and which were used in the simulations are described.

As a rule the modifiers with scalar values were applied after the modifiers with 

relative values were applied. The order of application was the same as in Table 7.4.
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7.2.3 Algorithm for determining time required for scaling

An algorithm to assess time required for scaling, using the above parameters, is 

described below. The algorithm is presented as a series of tests on conditions and 

decisions based on them.

7.2.3.1 C onventions used in the description

There were three processes used for obtaining a result. The first one was 

assignment in which the result was set to a constant value. Assignment could be done 

only at the beginning of the algorithm because, if it was used in any subsequent step, 

it effectively cancels out all operations done prior to it. It could be used to force the 

algorithm to start at any point with a fixed value. The second process was calculation, 

which refer to a mathematical operation done on the previous result to obtain a new 

one. The third process is described as generation to refer to obtaining a result by 

application of a program routine. Generation was usually used to derive a value for 

some variable used in calculations, but could also be used to generate a value for 

assignment. These definitions of assignment, calculation and generation apply only 

to the description of the algorithm here. They have different connotations in other 

contexts. An asterisk is used to denote multiplication to avoid confusion of the 'times' 

sign with the letter, 'X'. In the normal course of a computer program, the result will be 

stored in a single variable, which changes its value as it passes through the steps. 

Here, for the sake of clarity, the results at each step, are represented as R with a 

subscript (numbers for the step and alphabets for sub- steps) describing the step at 

which it was derived and are given at the end of the step in bold letters with in 

parentheses (for example, R3 represent result at the end of step 3 and R3a represent 

result at the end of a sub- step with in step 3).
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7.2.3.2 The algorithm

For every tooth in the mouth go through the following steps.

Step 1: Choice o f scenario

l.a Assign an initial value of time required to scale for the condition: non-molar 

tooth in maxilla, no pockets of 4mm or more of depth, manual scaling by dentist, 

initial visit.(R|a, Ria s d )

1 .b Change in calculus level to be included?

If'no' then go to the next step. (R |)

If 'yes' then modify accordingly. This will involve

1.b.l Assigning a value for the change in calculus in SD units (Change). One may 

use a constant for this (e.g. -0.75 SD unit, representing a reduction in calculus) or 

generate a value using some function, which may include random number generation 

also.

Calculate + 0.53 * R]a SD * Change. (R^)

Step 2 Determine calculus level

2. a Is calculus present? (in case the tooth was not included or missing answer 

'no').

If'no' then go to the next tooth.

If'yes' then continue.

Step 3 Apply deni?i\ variables
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3.a Is pocket depth >4mm?

If'no’ then assign R2 a ~

SD for R2 a =RisD- (^ 2 a> ^ 2 aSo)

If'yes' then calculate R2 a = Ri+ 2.6*Risq, and 

SD for R2 a = R2a*0-25.(R2a> RlaSo)

3,b Is the tooth in mandible?

If'no'then assign R2 b~I^ 2 a’

SD for R2 b = R2 aSD'(^2 > I 2̂ Sd)

If 'yes' then calculate R2 y = R2 a+ RiaSD» ^nd

SD for R2 b = ^ 2 b*^-^' ( ^ 2 » ^ 2 Sd)

Step 4 Apply Operational variables

There is a choice for not to applying one or more of these variables, keeping the 

default scenario: manual scaling by dentist in the initial visit.

4.a Adjusting for ultrasonic instrumentation?

If'no'then assign Rga = ^ 2 ;

SD for R]a =^280- % a )  ^ 3 aSo)

If 'yes' then calculate Rg  ̂= R2  - R-2 SD’
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SD for Rga = R3 a*0 .6 . RsaSo)

4b. Adjusting for maintenance visit?

If'no' then assign Rgy = Rg ,̂ and

SD for Rgb = RsaSD* % »  ^ 3 Sd)

If'yes' then calculate Rgy = Rg  ̂- (RsaSD*^ -^^), and 

SD for Rgy = R]b*0 68. (R3 , R 3 SD)

Step 5 Applying scalar variables

5.a Is the tooth molar?

If 'no' then R^a = R3  (R4 a)

If'yes' then R^  ̂^  R3*2.09 (R4 J

5.b Is the operator a dental hygienist?

If 'no' then R4  = R^^ (R4 )

If 'yes' then R4  = R4 ^* 1.24 (R4 )

R4  represent the simulated time to scale the tooth under the specified conditions.

Since the succeeding results depend on those that precede them, the order and flow 

of the algorithm is important. Here, as it can be seen, the flow is from site specific 

factor like pockets to positional factors like the arch to more general variables like 

mode of scaling and type of visit. The only exception is the adjustment for being a
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molar. This together with that for the operator is kept at the end because both these 

variables just multiplies the value by a constant. So they are used as a simple rule like 

"double if the tooth is a molar".

This algorithm was used in all estimations of time required for scaling in this 

thesis.

7.3 Validation of the method of estimating scaiing 
time

The appropriate validation for this technique would have been a time study of 

scaling in a clinical setting as well as estimation of the time for scaling using the 

simulation technique. In the absence of such a study one could test only whether the 

simulated estimation was with in the limits of reasonable expectation from prior 

information.

In this section, the method is being validated by showing that

1) It is able to supply an estimate of time based on the rules described above,

2) It is sensitive to changing conditions, and

3) It can satisfy a specified validating criterion

The three estimation techniques, those of Oliver et al. (1989), Manji and Sheiham 

(1986), and Donzé et al. (1973), applied to data from Employed Adults Dental Health 

Survey, USA suggested that time required to scale was around 25 to 30 minutes. The 

time to scale would be 0  minutes in the absence of calculus and in the presence of 

severe periodontal pocketing scaling time may be as high as 1 2 0  minutes (Oliver et 

al., 1989). Thus, one may reasonably specify an average scaling time around 30
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minutes and the distribution to be right skewed with a long tail as a validation criteria 

for the simulation technique of estimation of scaling time.

7.3.1 Materials and Methods

The data sets used in simulations here and in subsequent studies were the USA 

NHANES III and the British Adult Dental Health Survey 1988. They were prepared 

for use with simulation software written to run the algorithm described above. Briefly, 

the data sets were converted so that each record represented a tooth described as a 

string that codes for the presence of calculus, the tooth type, the arch and presence of 

a pocket of more than 4 mm.

The parameters in the simulation software was set so that the time to scale an upper 

non- molar tooth manually by the dentist on the initial visit was 1.5 minutes. In the 

NHANES III sample, scores 1 and 2 were treated as score 1. In the simulations done 

to validate, no allowance was made for a visit to dentist within the past 12 months. In 

other simulations, unless specified, subjects who had visited the dentist in the past 1 2  

months were considered as on a maintenance visit.

The results of the simulation program were saved in a text file that could be read 

by statistical packages. In NHANES III subjects the original value was doubled to get 

full mouth scaling times. All analyses were done with appropriate population weights.

The scaling times are presented here and in following sections on two scales: 

minutes per individual (mins) and at population level as hours per 1 0 0 0  people (hrs/ 

1000). The latter will be called as the 'population-scaling time'. While the average 

population-scaling time can be calculated by multiplying the per capita scaling time 

with 1 0 0 0 , its confidence limits were usually estimated using bootstrapping.
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7.3.2 Results

The average times for scaling a subject in NHANES III population estimated by 

simulation were 27.6 (27 to 28.2) mins (dentist, manual scaling) and 12.9 (12.6 to 

13.2) mins (dentist, ultrasonic scaling). The corresponding population-scaling times 

were 460.2 (450.6 to 469.7) brs/1000 (dentist, manual scaling) and 215.1 (210.6 to 

219.6) brs/1000 (dentist, ultrasonic scaling). When the distribution of the per capita 

scaling time estimates through simulation was examined, there were 17.4% of the 

population who did not require scaling and of these two thirds were edentulous 

(Figure 7.1). Up to 45 minutes most groups contained 5% to 8 % of the population but 

there after it started falling. The distribution showed skewing to the right and a long 

tail extending beyond 95 minutes of scaling time. The commonest time period was 

between 15 to 25 minutes.

The simulated estimate of the average time to scale a tooth manually was 1.0 

minute and using ultrasonic instrumentation 0.45 minutes. The upper teeth anterior to

Figure 7.1 Distribution of subjects (USA) according to estimated scaling time

(Q 0.16
0.14 -

w 0.12

■2 0.08
Q. 0.06
0. 0.04

30 40 50 60 70

fetimated scaling time (Minutes)
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molars (premolar to premolar) had on the average 0.6 minutes, the lower anterior 

teeth 0.9 minute, the upper molars 1.2 minutes and the lower molars 1.9 minutes as 

scaling times (hand scaling).

Table 7.5 describes the means of simulated scaling times according to the length of 

interval since the last visit to the dentist. When the last visit was less than a year ago, 

the scaling time was 24 minutes. The remaining groups, representing intervals 

between 1 and 5 years had scaling times from 29 to 32 minutes and those who rarely 

visit dentists had a scaling time of 38 minutes.

7.3.2.1 Validating for the am ount of calculus

The simulation does not take into account the amount of calculus on a tooth, which 

can influence scaling time. Instead the number of teeth was used as a proxy for the 

amount assuming the amount of calculus increased as the number of teeth increased. 

This assumption was tested using the small sample of 40 subjects in whom 

supragingival calculus was measured using Volpe-Manhold Index, the Spearman 

correlation between number of teeth with calculus and the amount of calculus was 

calculated and the value of the coefficient was found to be 0.65.

Table 7.5 Estimated scaling time for subjects of NHANES III according to the 
interval since last dental visit
Visit to dentist Scaling time per capita 

(minutes)
Mean LCL UCL

<12 months 23.8 23.0 24.6
1-2 years 30.4 29.1 31.6
3-5 years 32.0 30.4 33.6
>5 years 29.1 27.8 30.5
Rarely 38.2 34.5 41.8

LCL Lower confidence limit UCL upper confidence limit
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7.4 Discussion
In this thesis time estimation through simulation was preferred. A serious 

challenge to this approach in determining time would be the criticism that it depended 

on the correctness of a large number of assumptions needed to use it. There is no 

refutation for this criticism, but a justification for using this technique in spite of this 

unfavourable judgement can be offered. One of the objectives of this thesis is to 

measure the impact of change in calculus as a result of changes in factors that 

influence calculus. To achieve this it is necessary to have sensitive measures of the 

changes. In the case of calculus, given the type of data available, it was necessary to 

construct such measures. Similarly, the available criterion for establishing time 

required to scale were not sensitive to changes either in the level of calculus or the 

general conditions that modify the levels of calculus. This was described above as a 

drawback of generalization employed by the systems of manpower planning.

To reiterate, systems like CPITN or PTNS are not sensitive to small changes in 

calculus because a change in the calculus status of a tooth in a sextant or quadrant is 

obscured by the general classification of the sextant or quadrant. In the context of the 

individual, this may well be so because the impact of that change is negligible. 

However, in the population setting, the cumulative magnitude of that change will be 

very big. As can be seen from Table 7.1, a decision to use ultrasonic scaler rather than 

manual scaling or using a dental hygienist rather than a dentist to scale teeth will 

produce significant changes in the overall timings. These changes are not considered 

by the treatment systems, which are more like mnemonics for a quick decision at the 

chair-side rather than making public health decisions at the population level. This 

criticism is true of CPITN in spite of its avowed community orientation. When 

change at smaller units such as tooth rather than, say, quadrant, are to be measured,
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one should account for the impact a change in environment or conditions can have on 

the measure. Again this is due to the fact that small deviations can accumulate into 

large departures from what is expected.

There were no precise standards that could be applied in the present study. 

Therefore, one was forced to construct logical assumptions based on any available 

information. The available information, as seen in the overview above, allows us only 

to make best estimates. Nevertheless, assumptions based on these estimates can be 

used if the results of the simulation are limited to comparisons; both quantities being 

compared would be equally affected by the uncertainty related to the assumptions.

The algorithm suggested here might not be able to estimate time for scaling exactly 

and it was not meant for that purpose. On the other hand it was constructed so that the 

estimated time will be sensitive to alterations in factors that influence prevalence of 

calculus. Calculus outcome (number of teeth with calculus) used in this thesis is at the 

level of the tooth and the occurrence of calculus varies according to the position and 

type of tooth. The algorithm is capable of reflecting in the estimated time changes in 

the number of calculus teeth and changes in pattern of calculus.

The advantages of using a simulation technique to estimate scaling time 

requirements in a population are best understood by contrasting it with simple 

conversion of epidemiological results as usually done (Manji and Sheiham, 1986; 

Oliver et al., 1989). An epidemiological result is a summary of the outcome of interest 

in subjects in a group, which may be the whole sample or a sub-sample. This group 

measure while being valid for the group is not applicable to individuals. Although 

population level results need be at the group level only, the differences between 

population and sub-population can be elicited only if  within and between populations

158



Discussion

variations are considered. The estimation through simulation used here, produces a 

value for time required to remove calculus in each subject in the data set separately 

and according to specifications like type of instrumentation. As many different 

estimates according to different specifications can be made including applying a 

stochastic variation in estimates (for Monte Carlo studies). Once an estimate is made 

it can be treated as another outcome measured in the subject and the data may be 

analysed using normal epidemiological techniques. Thus hypotheses can be tested if 

need be and, as in the case of the data sets in this study, the design effects could be 

adjusted for. These advantages amply justify the preference for estimation of scaling 

time through simulation in this study. However, it is also necessary to offer some kind 

of validation for the techniques.

The results suggest that the estimation technique behaved with in the parameters of 

reasonable expectation. The mean estimated scaling time was 28 minutes and the 

distribution of the scaling times showed a positive skewness. Again the estimate 

showed differences according to the known intra-oral distribution of calculus. 

Similarly the reduced time in subjects who visited dentist with in the previous year 

suggests that the estimate of scaling time through simulation can demonstrate such 

differences.

The subjects who had visited dentist in the previous year had less number of teeth 

with calculi and the number of teeth with calculus is positively correlated 

(Spearman's rho = 0.65) with amount of calculus. Considering these facts together, it 

may be assumed that the amount of calculus to be removed in those subjects, who had 

visited the dentist in the past year, will be less. Therefore it is necessary to adjust for
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this reduction in amount of calculus to reflect the protective effect of a recent visit to 

dentist.

We had used 1.5 minutes as the time required to scale an upper non-molar tooth. 

Yet the average time for scaling tooth is just 1 minute. This was because all teeth in 

all people need not be scaled. This is an advantage of tooth level time estimation 

because they are sensitive to baseline risk and simulation technique is particularly 

sensitive since it treats different groups of teeth with differing risks differently.

The draw back of this technique is that it does not take into account the extra- 

therapeutic time in a dental appointment. Dental appointments tend to be quanta of 

fixed length and irrespective of the actual time spend on treating. The scaling time 

estimations where gross estimates are made like PTNS and CPITN seem to adjust for 

this. Thus Oliver et al. (1989) used the common length of appointment with a dental 

hygienist (45 minutes) as the time required for oral prophylaxis. But such quantum 

estimates obscure the variability in treatment times produced by variations among 

patients. A via media would be to add a certain amount of extra-therapeutic time to 

the estimate. However, there are other considerations like the number of different 

treatments a patient may receive in one appointment. An ethical professional will try 

to optimise the utility of their time as well as that of their patients. Therefore a patient 

requiring scaling of only a few teeth may receive other treatments in the same 

appointment. It would require a great deal more information than we have now to 

adjust for these and similar factors. In a population with gross calculus as in Sri Lanka 

the fixed time approach would be appropriate but in population in developed 

countries ignoring the fact that calculus was present only in a few teeth in most people 

will overestimate the treatment need.
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In this thesis the method required is one that is sensitive to capture changes in 

treatment needs when conditions influencing the treatment needs change. Simulation 

technique described here satisfies that requirement. It is also concluded that subjects 

whose last visit to the dentist was with in the last 1 2  months would be treated as if 

they are on a maintenance visit with consequent reduction in scaling time.

7.5 Summary
The objective of this chapter was to examine different measures available for 

determining the time required to scale. There were few studies, which report timings 

for scaling. None of them account for variations in factors within and between 

individuals. Timings based on treatment systems were too general. Applying, selected 

timings to the USA Employed Adults data revealed the amount of variability that 

could exist when different timings were used. As a solution to these problems, a tooth 

based timing system that allowed for variations in timings between teeth and between 

different conditions was suggested. The algorithm on which this system was based 

has been described and in the following chapters will be used to estimate scaling time 

in different populations under different conditions. A study to validate the method of 

estimating scaling time, using the algorithm described here showed that the validation 

criteria on the magnitude and distribution of scaling time were satisfied. Therefore, 

the use of the simulated scaling times could be considered valid.

In the following chapters, scenarios based on this estimation technique are 

described.
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8.1 Background
In 1990, the private dental practitioners in USA completed 175.5 million 

prophylaxes. In addition, other specialists did 15.5 million scalings and 14 million 

scalings were done as part of scaling and root planing (ADA 1990). Other than oral 

examination, this was the most frequent dental treatment rendered. Projections made 

by Oliver et al. (1989) suggested that by 1990 the time required for prophylaxis would 

be 107.4 million hours. The situation was not much different in the United Kingdom 

where in mid 1990s annually 15 million scalings and similar gum treatments were 

being done (Perri 6 , 1996).

While these data are informative such service audits cannot measure total 

population needs and the conditions that contribute to it. We are ignorant of the 

variability and uncertainty associated with this information. In this situation, 

epidemiology complemented by modelling can provide answers. The two data sets 

that were used in the epidemiological part of this thesis are suitable for this purpose. 

They are both national surveys one representing the USA and the other the UK.

In this chapter the objective is to estimate scaling times in the adult populations of 

the United Kingdom and the United States of America and the impact of socio

economic and behavioural factors on scaling times.

8.2 Estimates of scaling times for the USA and the UK 
populations

Applying the methods described in section 7.3, to the two national surveys from 

the USA and the UK, revealed that there are differences for scaling time between 

sectors in population in both countries (Tables F.l and F.2). The mean simulated 

scaling times for the USA and the UK population were very similar, around 15 mins
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per person. These times were very close to the time reported by British Dental 

Association (Beame and Kravitz, 2000). In a simulation the results are very sensitive 

to the initial conditions and here the choice of 1.5 mins to scale an upper non-molar 

tooth manually by the dentist seem to be the right choice.

The scaling times, by age, were different between the two populations. In USA the 

teenagers required almost double the time for scaling needed by the British teenagers. 

The group requiring greatest amount of time in the USA was 20 to 29 years old while 

in the UK it was 50 to 59 years old. There was substantial reduction in the scaling 

times for the oldest age groups in the USA sample but only slight reduction in the UK 

sample. These differences between the two populations were made more interesting 

by the great similarity in scaling times for males and females in both populations. The 

results for education also showed similarities in both populations. Income in the USA 

and social class in UK exhibited definite gradients. The more privileged of the 

population needed less scaling times.

While the Metropolitan areas in the USA had smaller scaling times, in the UK the 

regional differences were more interesting. England and Wales were similar with 

population scaling times between 239 to 248 hrs/1000 and Scotland and Northern 

Ireland was similar with population scaling times between 248 to 281 hrs/1000. With 

in England, the regional differences were greater than those between countries. 

Among the 6  economic planning areas in England the Northern area had population 

scaling time of 399 hrs/1000 compared to East Anglia (117 hrs/1000) and the South 

West (141 hrs/ 1000).

In the USA, ethnic differences existed for scaling times. The Hispanic had the 

highest scaling time and Non-Hispanic Whites had the smallest.
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The aim of the foregoing analysis was to establish the ‘baseline’ characteristics of 

the two populations on which the scenarios described below will be tested. But 

before that the distribution of scaling time estimates in some of the sectors are 

examined in more detail. The sectors examined are:

1. Smoking

2 .0 ral hygiene behaviour

3.Dental visits

8.3 Smoking and time to scale off calculus
The aim of this part of the study is to assess the population scaling time in smokers, 

past smokers and non-smokers.

8.3.1 Methods

The time estimates used were those based on dentist scaling manually on an initial 

visit and therefore will be larger than those estimates where a recent visit to dentist 

had been adjusted. This was acceptable because the objective here was to show the 

relative differences in scaling times with smoking status. In addition to the descriptive 

analysis, by applying bootstrapping, 1 0 0 0  samples of 1 0 0 0  subjects each were drawn 

using STATA's bstrap command. Each sample represented a population of, 

approximately, 10,000,000 people. In this instance the timing used was adjusted for 

recent visit to dentist, as the objective here was to show the sample distribution of 

average time required to remove calculus in these sub-population. This sample 

distribution was used to calculate average population scaling times for the smoking 

groups and, in lieu of 95% confidence limits, the 2.5 and 97.5 percentiles of these 

distributions of timings were used. The sample distribution was also used to 

demonstrate the population level effects of smoking.
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8.3.2 Results

Table F.3 reports the average population scaling times for the non-smokers, past 

smokers and current smokers without adjusting for recent visit to dentist. In addition, 

it reports the results for the subgroups of these smoking categories where only 

subjects with 14 teeth or more were considered. The population scaling times for the 

non-smokers, past smokers and smokers were 431.3, 403.1, and 553.4 hrs/1000 

people respectively. The relative ratios of these timings were 1: 0.93: 1.28. When only 

those with 14 or more teeth were considered, to adjust for the effect of number of 

teeth, the population scaling times increased to 482.4, 498.0, and 654.1 hrs/1000 

people respectively. The relative ratio became 1: 1.03: 1.36.

The population scaling time was estimated in groups categorised according to the 

number of cigarettes being smoked currently. The categories were 1 - smoking 1 to 10 

cigarettes, 2- smoking 11 to 20 cigarettes, 3 - smoking 21 to 30 cigarettes and 4 - 

smoking more than 30 cigarettes. While those who smoked no cigarettes currently 

(non-smokers and past smokers) needed 420.4 hrs/1000 people for scaling, those who 

smoked 11 to 30 cigarettes needed around 580 hrs/1000 people. Those who smoked 

less than 1 1  cigarettes and those who smoked more than 30 cigarettes had similar 

timings, about 535 hrs/1000 people. The relative ratio, with non-smokers as base, was 

1.00: 1.28: 1.39: 1.37: 1.27. However when the timings were estimated for those who 

had 14 or more teeth, the timings changed so that there was a positive gradient for 

population scaling time and number of cigarettes smoked and the relative ratio for 

those who smoked 0, 1 - 10, 11 -20, 21-30 and more than 30 cigarettes became 1: 1.24: 

1.42: 1.41: 1.62.
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In table F.4, the results of the 1000 samples generated using bootstrapping are 

described. Each of these samples represented 9 to 12 million people in the population. 

The average population scaling time without adjusting for recent dental visit was 

448.4 hrs/1000 people, which was reduced to 253.6 hrs/1000 people when adjusted 

for recent visit to dentist. The timings for the sub-population of smokers were all 

adjusted for dental visits. The current smokers had a mean population scaling time of 

323.6 hrs/1000 people. Those who were not current smokers, had population scaling 

times around 220 hrs/1000 people. The confidence range was relatively wide.

Figure 8.1 represents these results graphically. The distribution of samples for 

current smokers was distinct and shifted to the right. The past smokers and non- 

smokers had curves which over-lapped.

8.3.3 Discussion

This section presents the results of time required to scale in USA smokers, past 

smokers and non-smokers. Current smokers had larger population scaling time than 

past smokers or non-smokers. The past smokers required the smallest amount of 

scaling. The most probable reason for this could be the reduced number of teeth in 

past smokers. When the number of teeth was adjusted for, by considering only those 

with 14 or more teeth, there was a small increase for population scaling time for past 

smokers over non-smokers. The smokers needed 1.3 times the population scaling time 

for non-smokers or past smokers. These results were consistent with the fact that only 

current and not past smoking could affect calculus levels. On the other hand, the 

number of teeth present could affect scaling time.

The grouping based on the number of cigarettes smoked had advantages over that 

based on smoking status. The number of cigarettes could capture the past smokers
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Figure 8.1 Distribution of means of bootstrap samples for population scaling times* for current smokers, past smokers and non- 
smokers
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Smoking and time to scale off calculus

and non-smokers together as those who smoke no cigarettes currently and at the same 

time can be sensitive to the degree of smoking in the current smokers. But in this case 

also the number of teeth was a confounding factor. When that was taken into account 

by looking at those with 14 teeth or more, a definite relationship between number of 

cigarettes smoked and population scaling time emerged. Therefore it was decided that 

the relative ratios based on number of cigarettes smoked in subjects with 14 or more 

teeth will be used in modelling changes in scaling times. This allows for testing 

scenarios like a reduction in smoking in the subjects without completely quitting the 

habit, which would not have been possible if smoking status was used for scenario 

building. Such scenarios have implications in policy development.

All the results discussed above used the largest estimate of scaling time without 

adjusting for visits to dentists. This was done because these timings were used to get 

the relative ratios, which would be used, in the models. In this case it was preferable 

to use the same criterion of time estimation for the whole population without using 

any assumptions. On the other hand, when discussing the population scaling time in 

smokers in absolute terms, one should take cognisance of the fact that recent visit to 

dentist may reduce scaling time. These adjusted timings according to smoking status 

were obtained from the samples generated by bootstrapping technique. Though 

smokers had the highest mean population scaling time, the results were not significant 

due to the wide confidence range. The bootstrapping technique revealed the sample 

distribution of these means and revealed how the population shifts could occur on the 

basis of change in smoking status or the proportion of smokers in a population. 

However, these results are presented only as an illustration of possible population 

shifts. The overlapping of the distributions indicated that there was no significant 

difference in the means of these distributions. Still, they indicated a trend.
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8.4 Toothbrushing habits and time to scale off 
calculus

8.4.1 Results

Table F.5 shows the scaling times for different frequencies of toothbrushing, both 

unadjusted and adjusted for recent visit to dentist. The occasional brushers had a 

scaling time of 34 minutes per person before and 25 minutes after adjustment for 

visits to dentist. Once a day brushing reduces scaling times to 29 and 18 minutes 

respectively. Toothbrushing twice or more a day reduced both timings further to 23- 

2 1  minutes and 1 2 - 1 0  minutes respectively.

The results of bootstrapping 1000 samples of 1000 subjects each, using dental visit 

adjusted timings are presented in Table F.6 . The population scaling times declined 

from 413 hrs/1000 people for the occasional toothbrushers to 193 hrs/1000 for those 

who brushed their teeth more than twice daily. However the differences were not 

uniform, the reduction in hours was 106 hours between occasional brushers and those 

who brushed once daily, 87 hours between the once and twice daily brushing groups 

and 26 hours between those who brushed twice and those who brushed more often 

(Figure 8.2). The difference in timings between those who brushed less than twice and 

twice or more was statistically significant.

8.4.2 Discussion

Habitual toothbrushing can reduce calculus levels (Villa, 1968) and the results 

from the epidemiological analysis showed that toothbrushing twice or more was 

associated with reduced calculus levels. However the benefits of toothbrushing on 

scaling times were seen only in those who brush twice or more.
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Figure 8.2 Distribution of means of bootstrap samples for population scaling times* according to the frequency of toothbrushing
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Will more frequent visits to dentist save scaling time?

8.5 Will more frequent visits to dentist save scaiing 
time?

8.5.1 Results

The timing, without making any assumptions regarding reduced scaling time for a 

recent visit, showed that there was a difference of 1 1  minutes in scaling time per 

person between those who visited dentists every 6  months (21.9 minutes) and those 

who visited dentists at intervals longer than two years (34.5 minutes). The distribution 

of bootstrap samples ( 1 0 0 0  samples of 1 0 0 0  individuals) revealed that the 

distributions were wide and there was significant difference only between the 6 - 

month group and more than 24-month group (Figure 8.3).

8.5.2 Discussion

The means of the bootstrap samples showed that if everyone visited their dentist 

every six months, 365 hrs/1000 people would be required. This increased to 420, 465 

and 541 hrs/1000 as the visit frequency decreases to once a year, once in two years 

and more than two years. However, if we consider the annual hours per thousand 

population, the times becomes 730, 420 and 233 hours for twice yearly, once yearly 

and once in two years. (The more than two years was not calculated for obvious 

reasons). The interpretation of this result is value-laden. Assuming, the dentists had 

1500 hours per year to work, twice annual visits, though it reduces the scaling time for 

individual visits, will take up almost half of their working hours. On the other hand, 

scaling once in two years increases individual scaling time but consumes only about 

16% of the dentists' annual working time, but the question whether this delay was 

deleterious to oral health needs examining.
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Figure 8.3 Distribution of means of bootstrap samples for population scaling times* according to the interval of visit to dentist
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Summary

A recent systematic review on scaling did not find any evidence to favour multiple 

scalings at intervals less than one year (Elley et al., 2000). There are other factors, like 

change in pocket depth, which could alter scaling time that might result with frequent 

scaling. It is difficult, under these circumstances, to advocate a choice of frequency of 

scaling except to point out, as done here, the costs in terms of time involved.

8.6 Summary
This chapter had the objective of estimating scaling times in the UK and USA 

populations. In both populations, a per capita scaling time of 15 minutes was found. 

There were differences in scaling time with in sectors. The results revealed that about 

10% of scaling time could be attributed to smoking. Reducing the level of smoking to 

less than 10 cigarettes can reduce scaling times. With toothbrushing frequency, 

significant savings in scaling time occurs only when people brush more than two 

times a day. A visit to the dentist every six months reduces scaling time for the 

individual but increases the overall dentist's time for scaling per 1 0 0 0  people.
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This Chapter assesses future scenarios of scaling times for populations constructed 

on the basis of the population trends in the following:

1. Dental calculus levels and tooth retention rates,

2. Changes in demography,

3. Smoking rates and health behaviours like toothbrushing, and

4. Use of anti-calculus dentifrices.

The chapter is the culmination of the research presented in this thesis and 

represents the main aim of this study.

Scenarios are structured narratives about possible futures. The futures that the 

scenarios inform need not be the most preferable (Visions') or the most probable 

('forecasts') or linear extension of the past ('projections') (Perri 6 , 1996). Scenario 

planning started as a military strategy-planning tool in 1950s, but its current form was 

the result of work in organisations like the Royal Dutch Shell Oil Company 

(Schwartz, 1991). In dentistry, the Demos study, "Open Wide: Futures for dentistry in 

2010" was the only one to use scenario planning strategy (Perri 6 , 1996). Scenario 

planning starts with focusing on a question, identifying the drivers of change, usually 

political, economic, social and technology, and identifying among them critical 

uncertainties (Perri 6 , 1996). If the uncertainties can be reduced to two orthogonal 

axes, Perri 6  (1996) used degrees of certainty and importance, four scenarios can be 

described and analysed for its implications. It should be noted that the outcome of 

scenario planning is not a prediction about the future but revelation of possibilities, so 

that if and when one of the possibility is realised, decision and policy makers can 

recognise it and take action.
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Impact of projected population growth on scaling times

In this thesis, scenarios were used as if they were already realised. We start with 

the premise that a change in a critical parameter for calculus has taken place. We then 

go on to analyse the effect of that change on scaling times. However, the plausibility 

of the changes and their effects has been established through epidemiological studies.

The scenarios described here could be classified under four headings:

l.Scenarios on population growth and increased retention of teeth 

2.Scenarios on changing smoking and toothbrushing habits 

3.Scenarios on changes in the anti-calculus dentifrice use, and 

4.Scenarios on combined effects changes in smoking and anti-calculus denti

frice use.

9.1 Impact of projected population growth on scaling 
times

A near certainty about fixture is that there will be more people who will live longer. 

The population growth and the greying of the population are foremost in the problem 

list of health planners and policy makers (Division of Behavioural and Social 

Sciences and Education, 2001). Age was identified as having one of the strongest 

relationships with calculus in the epidemiological part of this thesis. Therefore, it was 

considered important to examine the impact of population growth on requirements in 

scaling time.

9.1.1 Method

The population projections for both USA and UK were procured from Population 

Projections Program, Population Division, and U.S. Census Bureau. The advantage of 

this was that one is able to use widely accepted projections made with well-accepted 

assumptions. More over both surveys used here are national representative samples
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and therefore using the results from the surveys on the population will not be a 

problem. The data was rearranged into age groups as used for the analysis of survey 

data. For the USA, projections for four decades, 2000 through 2040 were used. 

Though the 2000 census was over, it was decided to use the projection for 2000 based 

on 1990 census, as projections based on 2000 were not available for the other years in 

the series. For the UK, the four decades studied were 1998 through 2038. The effect 

of the demographic change on population scaling time was studied under different 

conditions using this data.

The results are presented in population pyramids, which reflect both age and sex 

structure of a population. This common denominator allowed, quick comparisons of 

groups as well as groups of groups. In a similar manner, the population scaling times 

were also used and shown in the same pyramid. This allowed a visual presentation of 

the inequalities in the share of population scaling time among the age and sex groups. 

If the shares of population scaling times were equal, both population and scaling time 

bars on the diagram would be of equal length.

9.1.2 Results:

In the coming decades the proportion of older Americans in the population was 

projected to increase and people will live longer. However, as Figure 9.1 shows the 

share of the scaling time for the 60 year and over age groups was still relatively small 

and not equal to their share in the population. The figures depict the share of each age 

group in the respective sexes and the corresponding share in the time required to 

scale. If there were no variation between the age groups, the share of time for each age 

group would have been the same as its proportion. If the older age groups required 

more time, their share of time should exceed their share of the population. But in
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Figure 9.1 The distribution of population by age and sex and corresponding 
scaling time in USA population for 2000,2010,2020 and 2030*
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Table 9.1 Projected population above 14 years of age and estimated scaling 
time in USA 2000 to 2040

2000 2010 2020 2030 2040
Population (t lousands)*
Male 104,598 116,289 125,861 135,924 146,126
Female 112,155 124,130 134,562 145,951 157,281
All 216,753 240,419 260,423 281,875 303,407
Estimated scaling time ( thousands of hours)
Male 29,418 32,039 33,903, 35,946 38,467
Female 22,122 24,162 25,629 27,214 29,060
Total 51,540 56,202 59,532 63,160 67,527
per capita 
(minutes) 14.3 14.0 13.7 13.4 13.4

* Projections from Population Projections Program, Population Division, U.S. Cen
sus Bureau.

Figure 9.1, the major contribution to scaling time came from 20 to 50 years old 

segment of population. 20- 29-year-old men were seen to be the single largest 

contributor to time required for scaling. Table 9.1 presents the projected population 

and the scaling times required. In the year 2000, the USA population was estimated to 

be 217 million and will require 51.5 million hours of scaling. By 2040, the population 

would increase to 303 million and the scaling time to 67.5 million hours. While in the 

population there were always more females than males, in scaling times the male 

contribution was almost one-third more than female contribution. The per capita 

scaling time shows a slight reduction over time.

Table 9.2 presents the population projections and scaling times for the UK. The 

estimated population above 14 years in 1998 for the UK was 48 million, which 

increases to 52 million in 2028 and then drops to 51.6 million in 2038. The scaling 

time in 1998 was just above 12 million hours; it increases to 13 million hours in the 

next five decades. The picture one got from the UK population projections used here
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Table 9.2 Projected population above 14 years of age and estimated scaling 
time in UK 1998 to 2048

1998 2008 2018 2028 2038
Population (thousands)*
Male 23,255 24,521 25,341 25,530 25,310
Female 24,544 25,490 26,191 26,434 26,302
All 47,799 50,011 51,532 51,964 51,612
Estimated scaling time ( thousands of hours)
Male 6,726 7,058 7,345 7,335 7,204
Female 5,357 5,559 5,775 5,852 5,835
Total 12,082 12,617 13,120 13,187 13,039
per capita 
(minutes) 15.2 15.1 15.3 15.2 15.2
* Projections from Population Projections Program, Population Division, U.S. Cen

sus Bureau.

was one of greater stability without much change. The contribution of males and 

females to the population and the scaling times were similar to those in the USA.

9.1.3 Discussion

Calculus levels and age were closely related and therefore the future demographic 

transition to an older population could be accompanied by a greater need for calculus 

removal. For the USA population this was true, with an addition of 100 million more 

people above 14 years in the next 40 years. Scaling times with adjustments for age 

and sex showed an increased need every decade of more than 4 million hours per 

decade. However, these changes were more due to population growth than changing 

age structure. As a matter of fact the changing age structure lead to a minimal but 

detectable decrease in per capita scaling times.

In both the USA and the UK populations the proportion of people above 60 years 

of age as compared to those between 15 and 59 years will increase and so will their 

share of scaling time. However, looking at changes, the expected increase in scaling
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time due to ageing was not as much as expected from the epidemiological relationship 

between ageing and calculus. Thus one may conclude that the increased scaling times 

for the aged were more due to longevity than due to increased risk. The significance 

of this conclusion was that, at least in the case of calculus and scaling time, the elderly 

need not be considered as a separate sector for targeting health programmes. 

However, a confounding factor that may undermine this conclusion was the effect of 

greater retention of teeth. In the calculations above, the number of teeth in each age 

group was considered as the same as in the survey population. If with increasing 

longevity, older people had a greater retention of teeth, then the larger proportion of 

older people in the future might increase the need for scaling. It was necessary to 

examine this possibility. That is done in the next scenario. The next section describes 

the results of that study.

9.2 Effect of the increased retention of teeth on 
popuiation scaiing time

A tooth based system of scaling time assessment should be influenced by the 

number of teeth present in the mouth. With the expected improvement in oral health 

in the future, more natural teeth will be retained and, consequently, increase the time 

requirements for scaling. As can be seen from Figure 9.1, in age groups above 60 

years, the population scaling times was less than expected. It was postulated that this 

reduction was due to the reduced numbers of teeth in their mouths and with the 

reduction of tooth loss, there would be an increase in the population scaling time 

generally and more so in the older age groups. That postulate was tested.
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9.2.1 Methods

The subjects in the NHANES III study were grouped into three groups: those with 

less than 10 teeth, 10 to 14 teeth and more than 14 teeth. This classification was made 

after examining the NHANES III data to find the best grouping, which would 

describe the relationship of time required to scale and the number of teeth.

The subjects were then cross-tabulated, adjusting with population weights, 

according to age, sex and number of teeth. The time required to scale subjects in each 

of the number of teeth groups was calculated, with due weighting, and converted to 

hrs/1000 population. The time estimate used was based on simulating the condition - 

manual scaling by dentist on the initial visit. These time values were converted into 

relative ratios with reference to the group with less than 10 teeth. A method of using 

these ratios in measuring the changes in scaling that can occur with change in the 

number of teeth is described below.

Assume that the ratio described above remains constant for all age and sex groups.

Let the ratio for the three groups, <10, 10-14, and >14 teeth present, be 1:W1:W2 

and assume this ratio to be constant for all age and sex groups.

Let S be the time in hours to scale 1000 subjects in an age and sex group with the 

proportion of subjects in each of the number of teeth group represented by G l, 02  and 

03.

Let Tl, T2, and T3 represent the time (as hrs/1000) required to scale the subjects in 

O l, 02, and 03 respectively in a particular age and sex group.

Then,
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T1*G1 + T2*G2 + T3*G3 = S, and

based on the assumption about the ratio made above,

T1/T1:T2/T1:T3/T1 =1:W1:W2.

Therefore, T2 = T1*W1 and T3 = T1*W2.

If S, W1 and W2 are known, then Tl can be worked out as

Tl = S/(G1+W1*G2+W2*G3)

Assuming that the timing remains constant with in age and sex strata, S can be 

found out for any other distribution of subjects among the number of teeth group by 

simply applying this value of Tl and the ratios.

SNew = Tl*Gl(New)+Tl*Wl*G2(New)+Tl*W2*G3(New)

The effect of increased retention of teeth in the ageing population was tested on the 

USA population projections. Instead of arbitrarily deciding on the distribution of the 

three groups based on number of teeth, it was assumed that an age cohort preserves its 

distribution. To elaborate, it was assumed that 40-49 year-old in 2000 would have the 

same distribution as 30-39 year-old in 1990. However, for those who were below 30, 

the same distribution as 1990 was retained as almost all of them were with >14 teeth. 

Here, the 1990 distribution was considered to be the same as that in NHANES III.

9.2.2 Results

The distribution of proportion of subjects with <10, 10-14 and >14 teeth according 

to age and sex in the NHANES 111 data showed that till 40 years, 90% of men and 

women had >14 teeth and above this age, the number of teeth in the mouth starts
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declining rapidly in both sexes and this change is greater in women than men. Above 

70 years, more than half of the subjects had less than ten teeth.

When the time required to scale NHANES III subjects was estimated it was found 

that those with 10 teeth or less required 57.6 hrs/1000 people. As the number of teeth 

increased to 10 to 14, the time increased by approximately 6 times to 337.5 hours. In 

the group with 14 or more teeth, the time was 535.7 hours, an increase of more than 9 

times over the <10 teeth group.

Table 9.3 examines the impact of adjustment for number of teeth on the scaling 

times in the older age groups only. This restriction was imposed due to the fact that 

once an age group was assumed to have reached the level where all subjects had more 

than 14 teeth the time for scaling per person does not change. Therefore to appreciate 

the effect, older age groups had to be examined. Both males and females showed 

marked increase in scaling times over the decades 2000 to 2040. Males showed 

greater changes than females. In 2000, men had a population scaling time of 299 hrs/ 

1000 people, which increased to 312 hrs/1000 people in 2030. For females the 

corresponding figures were 252 and 269 hrs/1000 people. For both groups combined.

Table 9.3 Impact of increased retention of teeth* on estimated scaling time 
(hours/1000) according to age and sex in the USA population

Age Males Females
Decades
2000 2010 2020 2030 2000 2010 2020 2030

50-59 254.6 272.9 281.4 284.2 229.0 247.1 255.3 256.2
60-69 228.2 259.5 278.2 286.8 171.7 219.5 236.8 244.7
70-79 166.4 206.7 235.2 252.1 124.7 138.4 176.9 190.8
80-89 136.6 155.1 192.6 219.1 107.6 133.7 148.3 189.6
90+ 136.5 158.3 179.7 223.3 75.9 85.7 106.5 118.0

* Increased retention modelled by an age cohort effect.
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for each decade from 2000 to 2030 inclusive the timings were 252, 262, 267 and 269 

hrs/1000 people. By 2020, according to the scheme used here, all the population 

below 50 years had 14 or more teeth and further increase in the proportions of this 

group in the next decade did not influence the population scaling times.

With adjustment for number of teeth, the major difference was in how the share of 

time each age group needed became closer to their population proportions. As the 

older age groups retain more teeth, their contribution becomes greater. Still, even in 

2030, the eldest groups had shares of time less than their shares in the population. The 

males in 20-29 year group maintained their prominent position with the largest 

contribution to time for scaling.

9.2.3 Discussion:

The reducing disparity between the shares of different age groups in the population 

and in scaling time suggests that the number of teeth per person was a prominent 

factor in producing heterogeneity in scaling times between age groups. With 

improvement in oral status, the number of teeth retained could be expected to rise in 

future. To put this in perspective, the impact of an increase in 1 hour for scaling per 

thousand people in a population of 280 million people (approximate projected 

population of 15 years and above for USA in 2030) represents 280,000 more scaling 

hours. Assuming that dentists worked 1,500 hours per year, the extra 280,000 hours 

means an additional 186.67 dental personnel/year for scaling.

This study did not support the assumption that a larger proportion of elderly in the 

coming decades might increase the need for time required for scaling. This was 

because the people 60 years and above were still a relatively smaller proportion 

compared to the 15 to 50 year-old. The main contribution to the scaling time comes
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from the 20 to 50 year-old. This result signified two important factors of public health 

importance. The first was a note of caution about using epidemiological results 

uncritically. In this thesis the epidemiological study demonstrated unequivocally that 

the risk of having calculus increased with age and also that the rate of increase in this 

risk of having calculus increased with age. Therefore the elderly forms a high-risk 

group for having calculus. However, the contribution of this so called high-risk tail of 

the age/calculus distribution on the overall time for scaling at the level of the 

population was relatively small. The second factor was that the impact of the risk 

factor on the condition might be different from that on the treatment of the condition. 

While age increased the risk of calculus, age also increased the chances for the loss of 

teeth. As seen here, the number of teeth was a significant factor in determining the 

population scaling time and a higher number of teeth implied greater scaling time. 

Therefore, ageing, through the reduction of number of teeth could reduce the 

magnitude of population scaling time. Thus, translating risk as greater need for 

treatment had its pitfalls.

9.3 The impact of changes in smoking on the 
popuiation scaiing time

The objective of this section is to describe different scenarios in which the 

distribution of smokers and/or the intensity of smoking (number of cigarettes smoked) 

vary.

1. Scenarios where distribution of smokers vary

There are two possibilities for changes in the distribution of smokers.

a. The first possibility to explore is for a proportion of smokers to quit 

smoking.
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b. The second possibility is for an increase in the proportion of non- 

smokers (a decrease in the number of people who are initiated into smok- 

ing).

There are other possibilities; proportion of smokers can increase by past smokers 

starting again or non-smokers getting initiated into smoking. However these 

pessimistic scenarios are not considered here.

2. Scenarios where number of cigarettes smoked decrease

The maximum number of cigarettes smoked was considered as 30, 20, 10, or 0.

3. A mixed scenario

Those who smoke 10 or fewer cigarettes quit smoking and others reduce their 

smoking by 1 0  or more cigarettes.

9.3.1 Results

In Table 9.4, the effects of reduction in smoking on the population scaling times 

and the scaling times for males and females with reduction of smokers in increments 

of 1 0  percent are shown.

In scenario 1, smokers quitting produced the change. For every 10 percent 

reduction in smokers, there is about 2.14 hrs/1000 people reduction in the population 

scaling time. The reduction was greater in males than females (males 2.24 hrs/1000 

and females 2.02 hrs/1000). This change was linear so that the total savings in scaling 

time if  all smokers quit smoking would be 21.4 hours per 1000 population.

In scenario 2, the proportion of smokers was reduced because of reduction in 

number of people who started smoking. The reduction was little greater than in
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Table 9.4 Effect of reduction in smoking on population scaling times. 
Different scenarios

Reduction in smoking

0% 10% 20% 30% 40% 50% 100%

Population scaling times Hours / 1000

Scenario 1 : Current smokers quit and become past smokers

Female 207.0 205.0 203.0 201.0 199.0 197.0 186.9

Male 298.4 296.1 293.9 291.7 289.4 287.2 276.0

Total 250.5 248.3 246.2 244.0 241.9 239.7 229.0

Scenario 2: Reduction in current smokers due to reduction in initiation of smoking

Female 207.0 204.8 202.6 200.4 198.2 195.9 184.9

Male 298.4 295.9 293.4 291.0 288.5 286.0 273.7

Total 250.5 248.1 245.7 243.4 241.0 238.6 226.8
* Adjusted for a recent visit to dentist

scenario 1. For every 10 percent reduction in smokers, there was 2.37 hrs/1000 

reduction in scaling time. For males and females this was respectively 2.47 and 2.22 

hrs/1 0 0 0 .

In table 9.5, different scenarios with respect to the number of cigarettes smoked are 

presented. All scenarios referred to a ceiling in the maximum number of cigarettes 

smoked, that is, a reduction in the 'heavy' smokers. It is only when the maximum

Table 9.5 Effect of reduction on number of cigarettes smoked on population 
scaling time. Different scenarios

Scenarios

Baseline 1 II III IV

Hours / 1000

Female 207.03 206.23 206.24 201.12 189.50

Male 298.38 296.39 296.43 286.51 266.62

Total 250.47 249.16 249.19 241.97 226.62
Scenarios;
I Maximum cigarettes smoked 30 or less
II Maximum cigarettes smoked 20 or less
III Maximum cigarettes smoked 10 or less
IV All non-smokers
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number of cigarettes smoked became 1 0  or less that a substantial reduction in 

population scaling time was observed. In women a reduction of 5 hrs/1000 was 

obtained while in men it doubles into 10 hrs/1000. (With no cigarettes smoked the 

results obtained here were different from the previous model using smoking status 

because the zero cigarette group here contain the 'past' smokers also.)

In contrast to the above scenario, if we considered the light smokers, 10 or less 

cigarette group, as quitting smoking and the others as reducing their smoking by 1 0  or 

more cigarettes the reduction in population scaling time was more pronounced. In this 

case, for females, males and the whole population the reductions in population scaling 

time were 9, 14 and 11 hours per 1000 population.

9.3.2 Discussion

The time for scaling that may be attributed to smoking, was less than 10 percent 

(2 1 . 4  hrs out of 250.5 hrs) of total population scaling time for the whole population. 

That is a significant proportion and it is preventable. There was very little difference 

in the population scaling time between past smokers and non-smokers. This result is 

to be expected, as effect of smoking on calculus is immediate rather than cumulative. 

On the other hand, this result also could be the result of smaller number of teeth 

present in past smokers.

The assumed changes in smoking, used here was larger than that could occur 

naturally, which was about 10% over a 10 year period (Russel et al., 2001).

The scenarios described for smoking could be dichotomised as 'targeted population 

approaches' and 'whole population approaches.' Belonging to the first group were 

those where smokers were considered to quit and a ceiling set on the maximum
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number of cigarettes smoked. In the second group would be the scenarios where 

people did not start smoking. There was only a slight advantage for whole population 

approach in terms of predicted reduction of scaling time. However the last scenario 

described, where light smokers quit and others reduce smoking represent a population 

shift to the left. In this case the reductions in scaling times were much greater.

There are no previous reports on population scaling time attributable to smoking to 

compare the results of the present study. However, an analogous condition would be 

the medical cost attributed to smoking. In a systematic review, Warner et al. (1999) 

reported that in their selected studies the proportion of smoking related personal 

health expenditure was 6 % to 12%. Compared to this figure was the 20% share of 

smoking in causing death from all causes in USA, which reflected the fact that health 

care costs include more than cost of death expenses. Similarly, this thesis considers 

the strong association of smoking and calculus. Yet only 10% of the population 

scaling time was attributable to smoking. The analogy between medical costs of 

smoking and population scaling time extends to another aspect. Increased costs due to 

smoking could be offset by shortened lives. Analogously, smoking increased calculus 

deposition and consequently the time required to scale but also lead to increased loss 

of teeth and thus could lead to reduced scaling time, as shown here. However, as 

Warner et al. (1999) pointed out, irrespective of the arguments about the total net 

costs of smoking, age adjusted medical costs per capita would be less without 

smoking than with it. In the present study, when adjusted for number of teeth, 

smokers had greater population scaling times.

Russell et al. (2001) modelled the effect of smoking prevention on hospital 

admissions using the follow-up of the NHANES I study. They found that the hospital
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admissions could decrease by 1 0 % with smoking reduction, which was relatively 

modest compared to the mortality decline possible with smoking reduction.

The present study and the studies on medical expenditure and hospital admissions 

suggested that the health care service implications of a smoking prevention program 

would be different from the implication on the health of the people. Therefore, the 

benefits of reduction in population scaling time should be considered as a bonus over 

the better health and better quality of life that goes with not smoking.

9.4 Scenarios based on changes in the tooth- 
brushing habits

In this section eight scenarios about the toothbrushing habits of the population are 

described.

Scenarios

I All the occasional toothbrushers start brushing at least once a day

II Scenario I and at least 50% of those who brushed their teeth once a day,

start brushing twice a day

III Every one brushes their teeth twice or more a day

IV Scenario II and at least 50% brush their teeth more than twice a day

V Everyone brushes their teeth occasionally

VI Everyone brushes their teeth once daily

VII Everyone brushes their teeth twice daily

VIII Everyone brushes their teeth more than daily
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9.4.1 Results

In Tables 9.6 eight different scenarios representing different distributions of 

brushing frequency in the population are presented. All timings were those adjusted 

for a recent visit to the dentist.

If all occasional brushers started brushing once a day, the savings in population 

scaling time would be 3 hrs/1000 people. Most of that came from the changes in 

males (Scenario I). If all occasional brushers brush once and 50% existing one time 

brushers convert into brushing twice daily, the savings in time could increase to 1 2  

hours/1000 people (Scenario II). There would be a reduction of 20 hrs/1000 if 

everybody brushed twice (Scenario III) and a further 3 hours if 50% of them started 

brushing three or more times (Scenario IV). In all cases, males experienced greater 

reductions than females. In Scenarios V to VIII, the situations if the whole population 

adopt the same brushing frequency are examined. If everyone brushed only 

occasionally, the population scaling time would be 331 hrs/1000, this successively 

became 285, 232 and 225 hrs/1000 if everyone brushes, once twice or more than 

twice daily. The benefit of converting a population of occasional brushers to one in 

which everyone brushes twice or more was 106 hours per thousand population and to 

convert a population having the distribution of brushing frequencies as in the Adult 

Dental Health Survey, 1988 to the higher frequency of brushing would be 24 hours 

per thousand population.

9.4.2 Discussion

The optimal brushing behaviour, with regards to scaling time, was one in which 

subjects brush twice or more. In UK the majority fall within this category of optimal 

brushers. Therefore, only modest savings in time would occur with further changes in
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Table 9.6 Effect of changing patterns in population brushing habits on population scaling time: Different scenarios

Mean population scaling times* (hours /1000)

Scenarios

Baseline 1 II III IV V VI VII VIII

Female 211.4 210.5 205.1 199.7 197.9 287.4 246.8 200.9 194.9

Male 286.4 281.6 269.5 257.3 254.3 369.4 317.1 258.2 250.5

Total 250.7 247.9 239.3 230.6 228.2 331.4 284.5 231.7 224.7

* Adjusted for visit to dentist 
Scenarios;
I All the occasional brushers brush at least once
II Scenario I + 50% of once brushers start brushing twice
III Every one brushes at least twice or more
IV Scenario II + at least 50% brush more than twice
V Everyone brushes only occasionally
VI Everyone bmshes once daily
VII Everyone bmshes twice daily
VIII Everyone bmshes more than twice daily
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the distribution of toothbrushing frequency. Still the scenarios suggested that more 

frequent toothbrushing leads to a lesser amount of scaling time. However, the 

difference was significant only between those who brushed twice and those who 

brush less often. On the other hand, greater savings were made when subjects started 

to change from occasional brushers to those who brush once and, then, twice.

The scaling time used in the scenarios above used the assumption that subjects who 

visited the dentist in the previous 12 months required less time for scaling. To some 

extent it was justified by the epidemiological finding that calculus prevalence was less 

in subjects who did that.

9.5 The impact of anti-calculus dentifrice use on 
population scaling times

A question that inspired the research in this thesis was the possible impacts of anti

calculus dentifrices on population needs for calculus removal. The background for 

this question was the experience with fluoride dentifrices and caries decline. Most 

dental health planners did not consider the contribution fluoride dentifrices could 

have on the populations' dental needs. The big effect became evident only when the 

impacts of effects of fluoride toothpastes over time were addressed directly. To 

describe such effects, Kingman (1993) chose a compound interest model, which by its 

nature, compounds benefits over time for the individual and assumes the population 

effects as a sum of such individual effects.

The population approach propounded by Geoffrey Rose (Rose, 1985) is in contrast 

to the above mentioned individual oriented approach. The large impact of small 

effects over large numbers is the driving force of the population approach in 

Preventive Medicine. An important difference between summing-over-the-individual
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approach and population approach was that the former did not take into account the 

distribution of the effects and instead concentrated on their point estimates. Rose 

(1992) conceived that individual deviances were the tail of a population distribution 

and presented the relationship between the population mean and number of deviants 

in it. To stretch the metaphor, Rose made us aware of the body is attached to the tail. 

Rose also showed that a small shift in population mean to the left could lead to large 

decreases in the number of deviants (Rose, 1992).

An analysis based on the population approach was capable of describing the effects 

of fluoride dentifrices on changes in caries prevalence. Knutson (1958) had 

demonstrated the relationship between the severity of dental caries and its prevalence. 

This relationship, lead to similar conclusions as those of Rose (1985).

The hallmark of the 'Rose Approach' is the study of population distributions and 

variations under the influence of, and also in the absence of, an agent or intervention. 

One might use modelling and simulation, as is done in this thesis, to study sample 

distributions as an estimate of population distributions. The shifts in the sample 

distributions could reveal the expected trends of the condition under study. This is the 

rationale used for the studies presented here.

9.5.1 Materials and methods

The time estimations used here included a factor for reduction in calculus as a 

result of anti-calculus dentifrice use. The programming logic had used changes in 

standard deviation units to adjust for changes in time for scaling under different 

conditions. Therefore, it was easy to incorporate the results of the meta-analysis of 

effect sizes, which were standard deviation units, into the programme. In the 

specification of the algorithm for the programme, ISD unit change in calculus was
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equated to 0.53 SD unit change in scaling time based on information from Ekanayaka 

and Sheiham (1978).

As we were dealing with mass adoption of a practice, it was felt necessary to 

include an element of uncertainty. This was achieved by specifying the 95% 

confidence interval for the effect sizes to be used instead of their point estimates. For 

each tooth, the effect size was chosen randomly from the 95% confidence interval.

Bootstrap sampling was used to create sample distributions of scaling times.

The effect sizes chosen were from the fixed effects models of the meta-analysis of 

3-month trials (Table 6.1). The fixed effects model was easier to use in the simulation 

because it allowed the models to remain simple, avoiding such complexities like 

factoring in the shares of toothpastes with different agents. The effect sizes for fixed 

effects models were smaller than that for random effects and therefore the simulations 

were more conservative than if random effect models were assumed.

All calculations were done using the time a dentist takes to scale an upper non

molar tooth as 1.5 minutes. Unlike previous scenarios no adjustment were made for 

recent visit to the dentist.

Each group of scenarios is independent from others, so that variations exist in 

methodology and assumptions, which are specified when the results of the respective 

models are described. The scenarios used were:

Scenario 1: Every one in the population used anti-calculus dentifrice.

This scenario used the combine effect size (-0.45, -0.4 to -0.5) from all 3-month 

studies (Table 6.1).
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Scenario 2: What would happen if every one used a dentifrice with some anti

calculus effect?

This would mean that the effect size could range from -1.3 to -0.1 (the lowest and 

highest values of confidence limits in Table 6.1).

Scenario 3: What would happen if everyone used the dentifrice with the larg

est effect?

The dentifrice group with largest effect was the one with pyrophosphate 1.3% and 

copolymer 1.5%. The effect size would be with in -1.3 and -0.7 (Table 6.1).

9.5.2 Results:

The fixed effects effect size pooled for all the studies was used. Though two 

models were tried, one using the mean value alone, and other, using the confidence 

interval, the results were very similar.

9.5.2.1 Scenario 1

Scenario 1 was that every one in the population used anti-calculus dentifrice.

For the NHANES III population, compared to 460 hours/1000 in the original data, 

under the assumption that every one in the population used anti-calculus dentifrice, 

the scaling time was reduced to 392 hours/1000 people; a saving of 6 8  hours (14.8% 

reduction) could be expected with the adoption of anti-calculus dentifrices by the 

whole population. When the adoption of the dentifnce was modelled as occurring 

gradually; proportions of population adopting it over a period, the reduction in 

population scaling time was proportionate to the percentage of the population 

adopting the toothpaste (Table 9.7). The adoption was modelled as a random event 

and for each proportion the random allocation was done separately. Therefore, this
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Table 9.7 Population scaling time at different levels of adoption of anti
calculus dentifrice

Percentage of population using anti-calculus tooth
pastes
1 0 30 50 70 90
Population scaling time hours/1000 people)*

Mean 453 440 426 412 399
2.50% 453 439 425 411 398
97.50% 454 441 427 414 399

Based on combined effect size from all studies (-0.45, -0.4 to -0.5)

linear relationship had some meaning more than that of being a model artefact. For 

every 10% increase in the adoption of the toothpaste by the population, 1.5% 

reduction in time was seen; for 10%, 30%, 50%, 70% and 90% adoption of anti

calculus dentifnce, the population scaling times were 453, 440, 426, 412 and 399 

hours/ 1 0 0 0  people.

The difference in population scaling time between smokers and non-smokers was 

also studied using the same scenarios. The ratio in scaling time between current 

smokers and non-smokers was 1.28 in both groups. The methods used here did not 

elicit any difference in the effect off anti-calculus dentifrice use between smokers and 

non-smokers. There was the same amount of reduction (15%) in population scaling 

times in all three groups. The population scaling times without and with anti-calculus 

dentifrice use were 431 and 367 hours/1000 in the non-smokers, 403 and 344 hours/ 

1000 in past smokers and 553 and 472 hours/1000 in current smokers.

The scenarios 2 and 3 were tested upon the British Adult Dental Health Survey 

1988 data.
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9.5.2.2 Scenarios 2 and 3

Scenario 2 was that every one used a dentifriee with some anti-caleulus effeet and 

Scenario 3 was that it was the dentifrice with the largest effect. The results showed 

that the population scaling time for these two scenarios were respectively 381, and 

316 hours/1000 (Table 9.8). This should be compared with 426 hours/1000 if no anti- 

ealculus dentifriee was used. The confidence intervals for these sample mean 

estimates were wide. Scenario 2 was comparable to the NHANES III result above and 

it would seem that in a British population only 11% savings in the population scaling 

time would be achieved. That was approximately two thirds of the US savings. On the 

other hand, the use of the most effective toothpaste by British adults, would lead to a 

26% reduetion in sealing times.

9.5.3 Discussion

For all the 3-month studies used in the meta-analysis deseribed in Chapter 6 , the 

overall fixed effects effect size was -0.45 with a very narrow confidence interval (-0.5 

to -0.4) (Table 6.1). Therefore it was not surprising that the two models, one using the 

mean value and other using the confidence interval, gave identical results (Table 9.7). 

However, it would be more realistic to believe that there was an amount variation in

Table 9.8 Impact of anti-calculus dentifrice use on population scaling time. 
Two scenarios.

Hours /1000 people
Mean LCL UCL

Reference 426 413 440
Scenario 1 381 371 392
Scenario 2 316 307 325

Reference scenario is one in which no anti-calculus dentifrice use is specified 
1 ; Every one is using toothpaste with some anti-calculus agent. Effect size range 

(-1.3 to -0.1)
2: Every one is using toothpaste with most effective anti-calculus agent (pyro

phosphates 1.3% & copolymer 1.5%). Effect size range (-1.3 to -0.9)
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the effectiveness of anti-calculus toothpastes. Again, in the face of large 

heterogeneity, as shown in the meta-analysis, a larger variation than this was to be 

expected. On the other hand, the point estimates from this model could be interpreted 

as the overall effect of anti-calculus dentifrices on population scaling time. If 

everyone used these toothpastes, on the average 15% reduction in population scaling 

time could occur. The reduction was linear to the proportion of population-using the 

toothpaste. That means anti-calculus toothpastes could behave like a population level 

preventive agent similar to fluoride. In the case of such an agent, benefit was directly 

proportional to exposure and one need not target special groups.

The disadvantage of the small variation of the overall effect size was overcome in 

the Scenario 2. The only specification for that scenario was that everyone would use 

toothpaste containing an anti-calculus agent. This was an acceptable proposition 

about the future as the tendency for the toothpaste manufacturers are to produce 

multi-benefit products that are likely to contain an anti- calculus agent. The wide 

range of the effect size ensures that all types of products were covered. The next 

scenario was highly optimistic; universal use of the most effective anti-calculus agent 

was presumed (Scenario 3). This scenario was presented as the best case. This model 

showed a 25% reduction in population scaling time.

The algorithm used in this simulation seems to be biased towards larger values of 

effect size, especially when the teeth with calculus had pockets in the lower jaw and 

molars. This was due to the fact that the adjustments for all these conditions follow 

after the adjustment for the change in calculus due to dentifrice was made and, 

therefore, a larger adjustment for calculus change would be magnified more than a 

smaller adjustment. The bias thus introduced could be justified in the following way:
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The time required to scale calculus off a tooth was more influenced by the position 

and local conditions than the amount of calculus. Since the impact of the amount of 

calculus was smaller than the effect of other variables, a higher change in calculus 

would influence the scaling time more than a smaller change.

The results here suggested that effect of calculus reduction was constant, but it is 

difficult to interpret this result. Since the three scenarios were very different from 

each other, the lack of difference between them might be due to lack of sensitivity on 

the part of the method. This study was able to use the evidence from a meta-analysis 

directly into a simulation. This was possible because the simulation, as well as using 

the meta- analysis, used the same parameter to show the effect of different conditions 

on dental calculus, were both based on standard division units. If absolute measures 

were used there was no way of incorporating the results of meta-analysis and the 

epidemiological surveys into the same simulation as different indices were used to 

measure calculus. The effect size metric should be very attractive to practitioners of 

population-based strategies. The effect size represents the amount by which the 

population distribution relocates under the influence of the intervention.

In the next section a final scenario is presented, which examines what happens if 

smoking decreases and use of anti-calculus dentifrices increase.

9.6 Effect of changes in smoking and anti- caiculus 
dentifrice use on scaiing times

For the purpose of this scenario, the NHANES III population was ascribed a made 

up history of smoking and adoption of anti-calculus dentifrices. To allow results to 

develop faster a small window of time, 25 years is used.
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Scenario: At the beginning of the 25 years period, the community had no 

knowledge of cigarettes, but then they were introduced. For the next 8 years, 

the citizens progressively increased the use of tobacco. Fortunately, at that 

point the awareness about harmful effects of smoking started convincing 

smokers to quit. Interestingly, this coincided with the introduction of anti-cal

culus toothpastes. Gradually non- smokers as well as smokers started to adopt 

this new toothpaste and gradually but steadily smoking declined while more 

and more people started to use anti-calculus toothpaste. By the 17th year of 

this made up history, all smokers had quit smoking. For the next eight years, 

the community maintained their smoke free status and more and more of 

them continued to use the anti-calculus toothpaste.

This 25-year history is analysed below to discover how the changes in smoking 

and anti-calculus dentifrices will affect population-scaling times.

9.6.1 Methods:

For each year of the made up history, the percentages of those who did not smoke 

or use the toothpaste, those who used the toothpaste but were not smoking, those who 

did not use toothpaste but smoked and those who smoked and used the toothpaste 

were noted. From this, the population scaling time could be calculated using the 

scaling time estimated for NHANES III subjects in Chapter 8 . Table 9.9 gives the

Table 9.9 Population scaling times (hours/1000 people) for different 
dentifrice user/smoker categories for use in scenarios

Non-smoker Smoker

Anti-calculus dentifrice Mean LCL UCL Mean LCL UCL

Non-user 431 418 445 553 534 573

User 367 356 379 471 455 488
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matrix used to calculate the scaling time. In this scenario we assume that there is no 

relationship between being a smoker and using or not using anti-calculus dentifrice 

i.e. smoking and use of the toothpaste were considered independent. Therefore, the 

proportion of smokers who used the anti-calculus toothpaste was considered to be the 

product of the marginal proportion of smokers and that of the toothpaste users. There 

is no evidence in favour or against this. But this assumption of independence made 

calculations easier.

9.6.2 Results;

There were three distinct periods in the scenario described. A period when 

smoking was introduced and increased steadily, at the rate of 5% a year, then a period 

when smoking began to reduce at the rate of 5% a year and the use of anti-calculus 

toothpastes increased at the same (5%) rate and finally a period when no one was 

smoking but the use of anti-calculus toothpastes continued to increase. Table 9.10 

gives the 25-year changes in proportion of smokers and toothpaste users with the 

estimated scaling times. At year 1, when there were no smokers or toothpaste users, 

the population scaling time was 431 hours/1000. It increased by about 6  hours per 5% 

increase in smokers till year 9 when the proportion of smokers were 40% and 

population scaling time was 480 hours/1000 people. Once smoking started to decline 

with increased use of toothpaste, the population scaling time started to fall at the rate 

9 hours for each 5% decline in smoking and 5% increase in anti-calculus toothpaste 

use. At year 17 when smoking was 0% and anti-calculus toothpaste use 40%, the 

population scaling time was 406 hours/100. Further reduction in scaling time at the 

rate of 3 hours/1000 occurred as anti-calculus toothpaste use increased by 5% a year. 

At 25 years, there were 80% use of anti-calculus toothpaste and the scaling time was 

380 hours/1000. The whole scenario took place in a narrow band of scaling times
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Table 9.10 Effect of changing patterns of smoking and anti-calculus 
dentifrice use on population scaling times

Period Year Denti
frice

Smoking Hours/1000
people

Increase in smoking 1 0 0 431

2 0 5 437

3 0 10 443

4 0 15 449

5 0 20 456

6 0 25 462

7 0 30 468

8 0 35 474

9 0 40 480

Smoking decreases as 
use of anti-calculus denti

frice increases

10 5 35 470

11 10 30 461

12 15 25 451

13 20 20 442

14 25 15 433

15 30 10 424

16 35 5 415

Increasing use of the den
tifrice continues

17 40 0 406

18 45 0 402

19 50 0 399

20 55 0 396

21 60 0 393

22 65 0 390

23 70 0 386

24 75 0 383

25 80 0 380

between 380 and 480 hours/1000. The increase in scaling time with smoking and 

decrease in scaling time as smoking declined were steeper than changes when 

toothpaste alone was influencing scaling time.

Figure 9.2 presents other possible pathways this scenario could have taken. The 

path described above was only one among many possible paths available. Six other
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paths, labelled A to F are shown. The path D represents the case if any of these events 

did not occur and the community remained at status quo present in year 1. As 

expected it is a horizontal line. A node in the diagram represents where two or more 

paths meet or diverge. Nodes are numbered 1 to 6  and the oval call-outs contain the 

level of smokers and anti-calculus toothpaste users (in that order) and ">" represents 

the level as 0  but increasing.

The paths described above and in Table 9.9 pass through the nodes 1, 2, 4, and 5 

and are labelled with call out boxes. Shaded boxes describe events.

Between nodes 1 and 2 smoking increased and at node 2 could take the path 

described as happened or could continue in path C, in which case, over the next 1 2  

years the population would all become smokers and population scaling time would 

increase by 72 hours to 552 hours/1000. An alternate path was path E where smoking 

plateaued off at 40% and there was no anti- calculus toothpaste. The population 

scaling time would remain at 480 hours/1000. Yet another path that was possible from 

node 2 was path B where smoking remained at 40% but anti-calculus toothpastes 

were introduced and continued to be adopted. By the 25th year 80% of the subjects 

would be using the toothpaste and population-scaling time would be back at 431 

hours/1000. Another possibility was that smoking would never start and anti-calculus 

dentifrice would be introduced as usual. Path A represented this eventuality but it 

continued as in the path described above and at 25 years would result in a population 

scaling time of 380 hours/1000. Path F, starting from node 5 represented the situation 

if smoking reduced completely but adoption of toothpaste remained at 40%. A 

population scaling time of 406 hours/1000 would result. Node 4 was a significant one 

because it represented the point were proportion of smokers and users of anti-calculus
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toothpaste were in balance so that the population scaling time was the same as when 

there was no smoking or anti-calculus toothpaste. The possible population scaling 

times were between 380 to 552 hours/1000.

9.6.3 Discussion

The made up history described was not much different from the history of many 

countries in the world. Common features include the introduction of cigarettes 

preceding that of the anti-calculus toothpaste, the prevalence of smoking between 25 

to 40 percent, the decline in smoking and the availability and adoption of anti

calculus dentifrices. The only differences from the reality were in the exaggerations: 

high prevalence of smoking, greater adoption of anti-calculus dentifrices and the 

artificial and convenient rate, 5% per year. The NHANES III subjects were used 

because that was the only database in which the information on smoking was 

available.

The scenario was basically to test the concomitant reduction in a calculus 

promoting habit and increase in the use of a calculus reducing agent. Thus the 

question addressed was what happens if there was a reduction in the risk as prevention 

increased. The answer from the scenario was that the actions seemed to be additive. 

The fastest rate of change was seen between nodes 2 and 5. It was also seen that risk 

reduction produces greater change than prevention. Unfortunately, the scenario was 

not geared to address one issue that was relevant to this situation: the changes in the 

prevalence and severity of calculus as the risk reduced. The impact of this change on 

the effect of the anti-calculus agent had not been included in the scenario.

This scenario gave a clear message about the strategy of prevention. The 

introduction of preventive agents without reduction in risk factors would not be as
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effective as that with reduction in risk factors. The path B in the alternate futures 

showed that with 80% adoption of anti-calculus agent and in the presence of 40% 

smoking in the community, the population scaling time could be brought down to the 

level where no smoking or anti-calculus toothpaste was present. This means, the 

community would have hardly felt the impact of the dentifrice at that high level of 

use. The effect of smoking in increasing the population scaling time seem to be 

double that of the dentifrice in reducing the population scaling time. The scenario also 

suggested that the gains from the use of anti-calculus dentifrices would be modest, 

reducing about an 8 th of the treatment need.

9.7 Possible futures for scaling times In the United 
Kingdom

In this section the possible effects of smoking and adoption of anti-calculus 

dentifrices on the scaling time requirements in the UK are examined.

Data on smoking was not available in the Adult Dental Health survey, 1988. 

Therefore, it was assumed that smoking had the same effect in the UK subjects as in 

the NHANES III subjects; it increased scaling time by a factor of 1.28. Similarly the 

effect of anti-calculus dentifrice was considered as reducing scaling time by 15%. 

About 30% of the UK population was considered to be smokers. The population in 

the UK was set at 50 million.

9,7.1 Results

Table 9.11 presents a matrix for population scaling time as proportions of 

population quit smoking (in 0.03 decrements) and adopt the use of anti-calculus 

dentifrices (in 0.1 increments). The scaling times used were smoker/non-user 19.3 

minutes, smoker/user 16.4 minutes, non-smoker/non-user 13.9 minutes, and non-
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Table 9.11 Possible futures of population scaling times with changing patterns 
of smoking and anti-calculus dentifrice use in the UK population
Propor
tion of 
smokers

Proportion of population using anti-calculus dentifrices
0 0 . 1 0 . 2 0.3 0.4 0.5 0 . 6 0.7 0 . 8 0.9

0.3 259 255 251 247 244 240 236 232 228 224
0.27 256 253 249 245 241 237 233 230 226 2 2 2

0.24 254 250 246 242 239 235 231 227 223 2 2 0

0 . 2 1 251 247 244 240 236 232 228 225 2 2 1 217
0.18 248 245 241 237 233 230 226 2 2 2 219 215
0.15 246 242 238 235 231 227 224 2 2 0 216 2 1 2

0 . 1 2 243 239 236 232 228 225 2 2 1 217 214 2 1 0

0.09 240 237 233 229 226 2 2 2 219 215 2 1 1 208
0.06 238 234 230 227 223 2 2 0 216 213 209 205
0.03 235 231 228 224 2 2 1 217 214 2 1 0 207 203
0 232 229 225 2 2 2 218 215 2 1 1 208 204 2 0 1

smoker/user 11.8 minutes per head. The matrix suggested that for every 1 percent of 

population quitting smoking about an hour of population scaling time was reduced. 

With anti-calculus toothpaste to have the same gain 2.5% to 4% of population had to 

adopt the anti-calculus dentifrice. The range (2.5% - 4%) instead of a point estimate 

for the toothpaste was due to the fact that the toothpastes yield better results at higher 

levels of calculus. For every 3% reduction in smoking and 10% increase in the use of 

toothpastes (the diagonal elements in the matrix) the reduction in population scaling 

time was 6  to 7 hours. The matrix could also yield results for all the possible scenarios 

of smoking reduction and anti-calculus toothpaste use. Converting the hours saved 

into dental manpower ( 1  dentist = 1500 hours), a 1 0 % increase in the anti-calculus 

dentifrice reduces the need for dentists by 39 to 43 dentists while a 10% reduction in 

smoking will reduce need for dentists by 300.
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9.7.2 Discussion

In this section most of the elements of the scenarios were assumptions. Yet the 

strength of the scenario technique was in the use of such an imaginative approach. On 

the other hand, the assumptions made were not entirely without foundation. Smoking 

is on the decline and use of dentifrices with anti-calculus agents is increasing in the 

UK. Similar to the NHANES 111 scenarios above, smoking reduction was seen to be at 

least three times more effective than calculus reduction with dentifrice use. The 

matrix described every possible combination of smoking decline and toothpaste 

adoption. It was seen that if 70% population adopted anti-calculus dentifrice the effect 

of smoking on increasing the scaling time was nullified. The same result was obtained 

if the current proportion of smokers was halved and 40% of population used the anti

calculus dentifrice.

It is difficult to predict which will be easier to achieve, a greater adoption of anti

calculus dentifrice or reduction in the proportion of smokers. However, it is evident 

from the strength of effect of smoking reduction as compared to the dentifrice 

adoption and with the added benefits to general health, the balance is tilted heavily in 

favour of smoking reduction.

9.8 Summary
This chapter had the objective of testing different scenarios for scaling teeth of 

populations. The impact of projected population growth on scaling time was 

examined first. The expected large increase in scaling time due to ageing population 

was not seen, mainly because the elderly was still only a small proportion of the 

population. In the next scenario increased retention of teeth was described. To some 

extent, this adjustment tended to close the gap between the population share and share
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in scaling time of different age and sex groups. Those scenarios regarding smoking 

and toothbrushing habits revealed that about 1 0 % of scaling time could be attributed 

to smoking. Reducing the level of smoking to less than 10 cigarettes can reduce 

scaling times. With toothbrushing frequency, significant savings in scaling time 

occurs only when people brush more than two times a day. Savings were also seen 

when occasional tootbbrusbers start to brush more frequently. The best scenario in 

terms of realistic assumptions about toothpaste use and effectiveness was the one 

where the widest range of effect sizes were postulated. Under this scenario the anti

calculus dentifrices may reduce population-scaling time by 10%. In contrast, the most 

effective formulation (1.3% pyrophosphates and 1.5% copolymer) could reduce the 

time for scaling by 25%. They would also reduce the social class differences in need 

for scaling. Testing the concomitant reduction in smoking and increase in dentifrice 

use, suggested that reductions in risk factors are essential to obtain the full benefit of 

the preventive agents.
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One of the commonest medical and dental procedures that people in industrialised 

countries have is getting their teeth scaled to remove dental calculus. This thesis 

examined this common health care event, and the effects of variations, real or 

assumed, on the factors that might affect the time required for scaling. Time required 

for scaling was used as a proxy for the cost of this activity. There were four main 

factors that might alter the nature of this problem, namely an increasing and ageing 

population, improving dental hygiene, declining smoking levels and development of 

anti-calculus toothpastes. The stimulus for this study was the concerns about the levy 

on healthcare resources by routine scaling, the need to assess the significance of oral 

calculus and its impact on oral health, and the lessons learned from the experience 

with dental caries and fluoride toothpastes. Caries after being severe for decades has 

declined to low levels over three decades. There was no single dominant hypothesis 

for this study. However, it was assumed here that the development of dentifrices that 

control calculus might mimic the fluoride story.

The aim of this thesis was to explore the implications of changing demographic, 

behavioural and therapeutic factors on the patterns of calculus and the time required 

to remove calculus. This was achieved through epidemiological studies to describe 

the extent and patterns of calculus in different populations, a systematic review on the 

effectiveness of anti-calculus dentifrices and applying the results from these to build 

and test scenarios of changes in populations and the effect of these changes on scaling 

time.

The findings suggest that considerable savings in time required to scale off 

calculus could be made if people smoked less or quit smoking, used anti-calculus 

toothpastes and brushed their teeth more often than two times a day.
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To reach this conclusion, the thesis used a combination of epidemiological and 

scenario approaches. Traditionally, the problem would have been stated in terms of 

clinical effects and cost benefit analyses, both of which restrict the scope to the 

individual. The approach taken here was a broader population perspective in which 

dental calculus was viewed as a public health problem. It was shown that removal of 

calculus was costly.

The population approach was not limited to the discussion of results as applied to 

populations, but was used in all aspects of the study. The most manifest form of its 

use was in the application of the principles of Rose (1992). In addition to 

demonstrating that the relationships Rose described existed in dental calculus 

epidemiology, the driving force of the changes in the scenarios tested was considered 

to be the population shifts in calculus levels. Even in the use of Rose principle this 

thesis had deviated from what has been previously done. Instead of using the top 

down approach of Durkheimian sociology, which looks for social factors, here a 

bottom up approach, eponymously termed Darwinian, was used. Durkhemians would 

posit changes in the social context of smoking to drive the population changes, while 

the Darwinian approach used here posit changes in individuals, from which the 

population shifts emerged. One advantage of this approach was that it was not 

necessary to model factors that change smoking to study the effect of change in 

smoking on population scaling time. The social contexts of smoking change were 

considered as already existing. Similar arguments can be given for adoption of anti

calculus dentifrices and improving oral hygiene practices.

In using this approach, the regression model based prediction methods were not 

necessary. The disadvantages of a regression model are that it is only as good as the

215



General Discussion

information and assumptions used in the regression. The generalisability of a 

regression model beyond the specific studies may be limited and the regression model 

smoothes the variation in the future so that the future is but a linear extension of the 

present. Scenarios, which were used here, can better handle future uncertainties. 

Demos, a think tank in the UK, pioneered a scenario technique called 'serious futures' 

to consider the state of dentistry in Britain in 2010 (Perrib, 1996). However, scenarios 

cannot predict futures while regression models attempts to do so. In policy making 

there is a case for using both, scenarios supplying the 'plan B', when linear 

projections, 'plan A', fail. Demos built their scenarios based on drivers of change 

identified through focus groups and positioning them on two orthogonal axes, 

importance and certainty (Perri 6, 1996). In this thesis drivers of change were 

identified through using epidemiological studies and a systematic review. There was 

also an attempt to quantify the amount and direction of change.

A system dynamic approach has been used to model Dutch Dental Health Care 

System (Steering Committee on Future Health Scenarios, 1994; Bronkhorst, 1995). 

The weakness of system dynamic modelling was also the lack of perfect information 

on how the variables were to be selected and how they should behave given a set of 

inputs. Bronkhorst (1995) used a basic rate for calculus varying with different 

categories, brushing frequency and oral hygiene instruction as the variables of interest 

for calculus. In periods of a tenth of a year, new calculus forms at rates described by a 

linear equation involving rates at which a person develop a deep pocket, rate at which 

calculus forms for a particular frequency of brushing and the rate at which calculus 

forms for a particular level of oral hygiene. As the epidemiological analysis in this 

thesis showed, these variables were not the most significant ones for calculus.
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Another planning tool for national oral health care systems is the WHO/FDI model 

(WHO, 1989). The WHO system had the advantage over the system dynamic 

approach in that the WHO model was very simple so that the policy makers 

themselves could use it. This simplicity was also its limitation. The WHO model uses 

the past experience across cohorts to project future treatment needs.

The technique used in this thesis, shares some features from each of these models. 

Like the system dynamic approach, the technique used here also model changes in 

scaling time depending on the input variables (type of tooth, position in the arch, arch 

and presence of pocketing). Like the WHO model, cohort data was used to project 

future changes (e.g. extrapolation about retention of teeth). However, instead of 

presenting a single future, scenarios were used to describe possible futures.

The thesis also tried to fulfil the aims of population approach by examining 

different populations. No previous study on dental calculus epidemiology had 

attempted to analyse together primary data from such diverse populations. All the 

epidemiological results presented here are new. The strength of the epidemiological 

analyses lay in the way they could be used to build scenarios and thus bridge the gap 

between health measurement and policy.

The epidemiological analysis used in this thesis was tailored to fit the nature of the 

outcome measures and since there was a number of outcome measures a variety of 

statistical models were used. Some of them like negative binomial regression are not 

commonly used in dental research. Usually, the count data, like the number of teeth 

with calculus, is reduced to a mean and its variance and often this in turn, due to lack 

of normality, is reduced to a dichotomous variable. In this thesis, using the negative 

binomial regression, the loss of information due to such reductions was prevented.
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Negative binomial regression is to be applied to count data that show over dispersion 

(variance more than mean) like the number of teeth with calculus. Dichotomous data 

like membership in high calculus group was analysed using logistic regression. The 

probit analysis was applied to data at group level. The advantage of probit analysis 

was that it allowed modelling trends in calculus prevalence in Sweden from grouped 

results.

The assessment of treatment need, used in this thesis, has not been done before. All 

previous attempts were based on sums and averages of the condition under study. The 

problem with such approaches are that they treat everyone in the population as an 

'average' patient. Manji and Sheiham (1986), for example, included uncertainties into 

their estimate by using high and low values for CPITN based treatment needs. The 

algorithm developed in this thesis allowed individual variation in timings, simulating 

the clinical situation. However, in translating these results into policy, there should be 

a mechanism by which appointment duration varies individually. In the absence of 

individually tailored scaling times such finer estimation of scaling time, as done here, 

will have no utility. The choice of the simulation method was made because the 

method was more sensitive to changes of general factors than other methods of time 

estimates. The application of the algorithm included capabilities of including random 

uncertainties into the time estimates. Incorporation of uncertainty allows not only a 

point estimate of scaling time, but also gives an estimation of the variation. For 

describing change in scaling time with changes in the distribution of population, a 

method similar to standardisation of population parameter rates against a reference 

distribution was used.
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The systematic review was limited to double-blind, randomised controlled trials 

testing active agents present in commercially available toothpastes against a placebo 

and having VMI as calculus outcome. The head to head comparison of two agents 

were not done because the intention was to find out whether these toothpastes were 

effective against calculus and because in the scenarios no particular agent was to be 

tested against another. The meta-analysis was done using both fixed and random 

models.

In the following section the summary of the results and the conclusions drawn 

from them are described.

10.1 Results and conclusions from the studies
1. The USA and UK populations studied had dentitions missing very few teeth.

2. Factors, like age, related to the prevalence of calculus, were also related to loss of 

teeth. Loss of teeth obviously reduced the number of teeth having calculus. Con

versely, factors reducing the prevalence of calculus reduce the number of missing 

teeth too. Therefore predicted increases in time for scaling with change in these 

factors may not be as large as expected.

3. In the industrialised populations subgingival calculus tended to occur in numbers 

of teeth similar to or less than supragingival calculus.

4. Both supragingival and subgingival calculus increased with age. The increase 

with age persisted even after adjusting for other factors. The number of teeth with 

calculus tended to be highest in the 30 to 49 years old group.

5. Sex differences in calculus prevalence were relatively small in the industrialised 

populations. The effect of other factors like socio-economic and behavioural fac

tors were more varied. The tendency for having more teeth with calculus was
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higher in the less privileged groups. The factors that were associated with higher 

prevalence of calculus were lower socio-economic status, lower income, lower 

education, irregular dental attendance, less frequent toothbrushing and smoking.

6. The systematic review of anti-calculus dentifrice trials of 3-month duration 

showed that they are moderately effective against calculus with a common mean 

effect size of 0.45. The most effective formulation was 1.3% soluble pyrophos

phates with 1.5% PVM/MA copolymer. The effectiveness of the dentifrices 

increased with longer duration of use.

7. The estimated scaling time for the UK and the US subjects were 15 minutes per 

person. In the US, 20 to 29 year olds and in the UK, 30 to 39 year age groups had 

the largest scaling times. Men required 5 minutes more scaling time than women. 

The highest social class subjects required less than half of the scaling time for sub

jects of the lowest social class required. The Mexican Americans in the USA 

required three times more scaling time than non-Hispanic Whites. These results are 

partially explainable by differences in frequencies of visiting dentist, more fre

quent brushing and smoking. There were area differences within UK in scaling 

time, which could not be explained.

8. In the USA, 16 million more hours of scaling time may be required by 2040 

compared to 1 million more hours in the UK. By 2040, per capita scaling time will 

remain constant in the UK, while a saving of 1 minute per person may occur in the 

USA. The scaling times for projected population distribution for the four decades 

till 2040 did not show marked differences. The elderly group, even after assuming 

greater tooth retention, contributed only a small portion to the population scaling 

time. The major contribution to the scaling time was from the middle age groups.
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The effect of retention of teeth will be to make the share of age groups in the popu

lation and in the scaling time more equal.

9. Smokers required 28% more scaling time than non-smokers. That increased to 

36% if the number of teeth present was more than 13. Scaling time increased with 

number of cigarettes smoked. For every 10% of subjects quitting smoking, there 

was 2.2 hours/1000 people saving in scaling time and for every 10% who had not 

started smoking the savings is about 2.4 hours/1000 people. Reducing the number 

of cigarettes smoked to less than 10 cigarettes per person saves only about 9 hours/ 

1000 in scaling time.

10. Increasing the frequency of brushing in the UK, from only occasionally to once 

a day reduces scaling time by 47 hours/1000, to twice daily by another 47 hours/ 

1000 and to more than twice daily produces a decrease of a further 7 hours/ 1000. 

Considering the 1988 distribution of population, there would be 26 hours/ 1000 

savings in scaling time if everybody in the UK brushed more than twice daily.

11. There were no significant differences in scaling times for people visiting dentist 

six-monthly or every two years or less. Nevertheless, there was 15% greater scal

ing time in annual compared to 6-monthly visits.

12. There should be a 15% reduction in scaling time with the use of anti-calculus 

dentifrices by the population. The scenario in which the population adopted some 

kind of anti-calculus dentifrice without reference to the active agent produced an 

11% reduction while the scenario where everyone used the most effective anti-cal

culus agent produced a 26% reduction. Use of anti-calculus dentifrice narrowed 

the differences in scaling time between different social classes but had the same 

magnitude effect on smokers and non-smokers and people with different frequen

cies of brushing. However, with the use of anti- calculus dentifrices, the scaling
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times for those who visited dentists in the previous two years or less was not sig

nificantly different from those who visited dentists in the previous six months.

13. The effect of smoking reduction and use of anti-calculus dentifrices were inde

pendent in the scenarios where both factors were depicted as changing. The impact 

of change in the proportion of smokers was greater than the impact of change in 

proportion of the anti-calculus dentifrice use. If 40% of the population smoked and 

80% used the anti-calculus dentifrice, the scaling time would be same as a popula

tion of non-smokers. Therefore, in the presence of smoking, the adoption of the 

anti-calculus toothpaste by a larger proportion of the population was required, than 

in the absence of smoking.

10.1.1 Conclusions

From this thesis it may be concluded that:

a.Normatively assessed need for scaling is high in all populations.

b.The estimation of scaling times based on teeth with calculus used in this 

study was sensitive to the differences between individual subjects and 

between different scenarios tested.

c.The major share of the need for scaling with population growth would be 

with younger age groups.

d.The anti-calculus dentifrices had a significant effect in reducing supra-gingi- 

val calculus.

e.The scenarios tested showed that changes in oral hygiene practices, use of 

anti-calculus dentifrices and reduction in smoking reduced the time required
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for scaling. The reduction at the individual level was not very high, but the 

population level reductions were significant.

f.The scenarios revealed that the best results were obtained when a risk factor 

for calculus, namely smoking, was reduced together with an increase in the 

use of a preventive agent, anti-calculus dentifnce.

10.1.2 Implications and recommendations for future research

1. This study showed that dental calculus was universally present differing only in 

the amount and extent of prevalence. This finding has twofold significance. First, 

in the absence of a guideline to determine a level of calculus that requires profes

sional intervention, the need will always be universal. None of the changes 

described in the scenarios reduced calculus levels to zero, so that any assessment 

of treatment need at the level of the subject will always remain the same. Ironi

cally, under that scheme the treatment needs will be the same for the industrialised 

and developing populations, or within populations, for different strata of people. 

Second, the differences in calculus were only quantitative; the groups with low and 

high levels of calculus were at two ends of the same spectrum.

2. Future research should therefore be directed towards defining a level of calculus 

below which professional intervention is not needed. Rather than normatively 

deciding a level, it is essential to take into account individual perceptions and 

social norms. Thus, the level may change from person to person as well as society 

to society.

3. While the systematic review demonstrated the effectiveness of anti-calculus den

tifrices against supra-gingival calculus, no clinical trial included addressed the 

question of subgingival calculus. It is necessary to do so because a) the major prob-
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lem in populations with high amounts of calculus was subgingival calculus, b) the 

trials were of short duration and measurements were restricted to supragingival 

calculus alone so the effectiveness against subgingival calculus was unknown 

rather than absent and c) multi-benefit dentifrices containing agents controlling 

gingivitis as well as calculus may reduce subgingival calculus by reducing its for

mation as well as by increasing exposure of calculus to anti-calculus agents as gin

gival inflammation reduces.

4. This thesis showed that reducing the proportion of smokers lead to reductions in 

scaling time and also that the reduction thus obtained was more than the use of a 

preventive agent like anti-calculus toothpaste. There are no evaluations of the full 

benefits, general and oral health, of a smoking cessation program, which has 

treated smoking as a common risk factor and common benefits that can be reaped 

by its control. Such an evaluation will be highly informative.

5. Estimating treatment needs through simulation as done here requires further val

idation through planned studies. The method can be applied to other oral health 

problems where epidemiological data need to be converted to treatment needs and/ 

or to test scenarios as done here.

6. This study showed that anti-calculus dentifrices might inhibit calculus formation 

such that intervals between dental visits can be lengthened. A clinical trial to test 

this hypothesis, which has great practical value, will be appropriate.
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Appendix A

Dental calculus: Taxonomy and 
measurement

Dental calculus is essentially mineralised dental plaque, although calculus in

the absence of plaque could occur. This view of calculus was strengthened by 

Schroeder's classic text (Schroeder, 1969). More recent transmission electron 

microscopic studies suggest that calculus supragingival calculus may be more than 

just 'mineralised plaque' (Abstract: Galgut, Mordan and Newman, 2001). However, it 

is the association of dental plaque that makes calculus interesting to study. A 

classification of tooth accumulated materials and their definitions is presented in 

Figure A.I.

The two types of calculus have distinct characteristics. Table A.l is based on 

Roberts-Harry and Clerehugh (2000).
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Figure A.l Classification of dental deposits

#  -  Classification of dental deposits

Exogenous, post-eruptive dental deposits
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dental calculus

M ateria  alba

Based on Dawes et a i, 1963; Schwartz and Massler, 1967; Schroeder, 1969



Appendix A

Both types of calculus depend on the liquid media they are surrounded by. In the 

case of supragingival calculus, it is saliva and in the case of subgingival calculus it is 

gingival crevicular fluid. Both liquids are supersaturated with calcium phosphates. 

But the presence inhibitors prevent spontaneous precipitation. In the presence of 

plaque, interbacterial spaces may provide an environment conducive for calcification. 

As calculus formation proceed, intrabacterial calcification also start. The whole 

process can be very rapid; the first signs appearing with in 2  days and plaque being 

converted to calculus by 1 2  days.

Table A.l Differentiating features of supragingival and subgingival calculus

Supragingival

Colour Yellow/White

Distribution Lower anteriors- lingual; Upper
molars - buccal

Subgingival

Brown/Black 

Randomly around mouth

Mineral content 37% by volume

Crystal type & Mostly OCP & HAP, some DCPD.
size Small needle shaped & large ribbon tals only

shaped.

Calcification Variable

Micro-organisms Dominates, More filamentous organ- Very few uncalcified microorganisms
isms

Rate of Formation Fast

Morphology Undifferentiated

Pathologic poten- Little evident
tial

Based on Table 1, Roberts-Harry and Clerehugh, 2000

58% by volume

Mostly WHT, No DCPD, small crys-

More homogenous

Slow

Several types identified.

Associated with periodontal disease
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A.1 Indices used in caiculus studies

A.1.1 The Periodontal Disease index

(RamÇord, 1967)

0 Absence of calculus

1 Supragingival calculus extending only slightly below the free gingival margin 

(<lmm)

2 Moderate amount of supra- and subgingival calculus or subgingival calculus 

alone.

3 Abundance of supra- and subgingival calculus

Partial mouth scoring. Teeth examined: upper right first molar, upper left central 

incisor, upper left first premolar, lower left first molar, lower right central incisor, 

and lower right first premolar.

A.1.2 The Calculus Index (Cl, Cl-S)

(Greene and Vermillion, 1960, 1964)

0 Absence of supra- and subgingival calculus.

1 Presence of supragingival calculus, but covering not more than one-third of the 

exposed tooth surface.

2 Supragingival calculus covering more than one-third but less than two-thirds of 

the exposed tooth surface and/or presence of individual flecks of subgingival cal

culus around the cervical portion of the tooth.

3 Supragingival calculus covering more than two-thirds of the exposed tooth sur

face and/or continuous band of subgingival calculus around the cervical portion of 

the tooth.

Calculus index simplified (1964) measures calculus on selected tooth surfaces: 

Buccal surfaces of upper first molars, right and left; lingual surfaces of lower first 

molars, right and left; labial surface of upper right central incisor and labial surface of 

the lower left central incisor.
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A.1.3 The Calculus Surface Index (081), Calculus Surface 
Severity Index (CSSI)

(Ennever et al., 1961)

Four surfaces (two proximal, labial,and lingual) surfaces of four lower incisors 

scored for calculus, as present or absent.

In severity index calcuus scored as

0 Absent

1 Calculus observable but less than 0.5 mm in widthand/or thickness.

2 Calculus not exceeding 1.0mm in width an/or thickness

3 Calculus exceeding 1.0mm in width an/or thickness.

A.1.4 Volpe and Manhold Probe Method Index (VMI)

(Volpe et al., 1965, Manhold et al. 1965)

Calculus height and width is measured using a calibrated probe on the lingual 

surfaces of lower anterior teeth. Measurements are done to the nearest 0.5mm in three 

directions on each tooth: vertically, bisecting the lingual surface and diagonally 

bisecting the mesial and distal incisal angles, passing through the area of greatest 

calculus accumulation.

A.1.5 Marginal Line Calculus Index (MLCI)

(Muhleman and Villa, 1967)

Using a probe measure calculus on mesial and distal halves of the lingual surfaces 

of lower incisors and results reported in percentages of the surface covered.
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Methods of constructing outcome 
measures and statistical analysis

B.1 Constructing outcome measures
Before starting to construct the outcome measures of calculus, it is essential to take 

stock of the quality of data available. The US studies measured calculus on an ordinal 

scale with reference to supragingival calculus but with a nominal scale with reference 

to subgingival calculus. This created some confusion whether ’score 2' in these 

surveys represented a large amount of supragingival calculus or a few specks of 

subgingival calculus. These surveys measure calculus on two randomly selected 

quadrants, one upper and other lower. Finally, the measured tooth sites were mesial 

and buccal which need not be the sites most favoured for calculus deposition in many 

teeth.

The UK Adult Dental health survey measured calculus nominally on all teeth but 

on mesial and distal surfaces only. The small data set from Corbett and Dawes (1998)
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used the interval scale measurement of calculus based on the Volpe-Manhold index. 

They report for the facial half and distal half of the tooth. Volpe-Manhold index was 

specifically created for clinical trials and all trials use it. However only the lower 

anterior lingual surfaces were examined for calculus.

Fron the Jonkoping surveys only grouped results were available.

B.1.1 The requirements of an outcome measure

Faced with this diversity of measurement scales, the first question to be posed was 

what should be the requirements of an outcome measure for this thesis? This thesis 

belongs to the Health Service Research genre and the final endpoint of the study 

would be the answer to the question whether changes in lifestyle like reduced 

smoking or increased use of anti-calculus toothpastes could lead to reduced treatment

Table B.l Different data sets and type of caiculus outcome measures they 
contain.
Data sets Level
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need at the level of the population. The treatment need would be expressed in terms of 

cost of calculus removal measured in terms of time. Based on these, the requirements 

of the outcome measures of calculus for this thesis could be formulated as follows:

First, since a population level endpoint was sought, the calculus outcome should 

be at the subject level. It should be a measure that represents calculus status of the 

individual.

Second, since treatment need was represented as time required to remove calculus, 

the measure should reflect severity of calculus in each subject.

A third requirement was that the measure should allow interpretation in terms of 

the results of clinical trials of anti-calculus toothpaste.

A final requirement would be that it allowed discrimination between subgroups.

If population level information was available in which calculus was measured 

using Volpe-Manhold Index (VMI), an interval scale, then all these requirements are 

easily fulfilled. However, there are not many large epidemiological surveys using 

VMI like Beiswanger et al. (1989).

Ostensibly, most of the data measures calculus to a fine degree, at the level of the 

surface. However, this information is not useable because 1) all surfaces on the tooth 

are not measured and 2 ) the surfaces measured, may not be representative of surfaces 

usually prone to calculus, for example the lingual surface of lower anterior and buccal 

surfaces of upper molars. Therefore, the surface level measurement is only as good as 

a sampling of the tooth level calculus status. Again, in determining treatment need, 

information about the time required to remove calculus is available only up to the 

tooth level. Therefore surface level information can be reduced and used to assess the
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status of the tooth as having calculus or not. An exception is the presence of calculus 

without any consideration of amount or type of calculus.

Thus it is evident that the information available is only sufficient for a nominal 

classification of a tooth as having calculus or not.

B.1.2 Subject level measures

The first step in the construction of the subject level outcome measures is to define 

what those measures are supposed to do. For the purpose of this study the subject 

level measure should be able to

1) Classify subjects into meaningful subgroups, and

2) Indicate the severity of calculus in a subject.

In the case of dental caries, a common dichotomy is between people with dental 

caries and people who are caries free. In the case of calculus what will be more 

meaningful will be to identify subjects who have calculus above a threshold. There 

are no such thresholds described. However, there are mention in the literature 

regarding low and high calculus formers. Joshipura et al. (1994) measured calculus 

using Oral Hygiene Index. They averaged the scores across all sites for each subject 

and the subjects were classified as high, medium and low on the basis of thirds of the 

distribution. Similarly, subjects have been classified using VMI scores (Rustogi et al., 

1991):

Slight calculus former having calculus 1.5 to 15 mm

Medium calculus former having calculus 15.5 to 35 mm, and

Heavy calculus former having calculus >35 mm.

In defining, the high and low calculus groups, these studies were kept in mind.
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In a strict sense, severity of calculus should refer to the amount of calculus 

accumulated. Again, the limitations of the data available force us to describe severity 

in a less efficient manner. Severity of calculus, in this thesis, refers to the distribution 

and extent or spread of calculus throughout the dentition, the assumption being that 

the greater the amount of calculus in the mouth more teeth will be involved.

Commonly used measures of spread of dental conditions in the mouth are the 

counts of teeth with the condition (like DMFT) and the proportion of teeth with the 

condition to the total number of teeth in the mouth. The latter measure is often 

referred to as extent.

In the following section an attempt is made to check the assumption that the larger 

the extent of calculus the greater the amount of calculus and to identify a threshold of 

extent of calculus to classify subjects into high and low calculus group, using a data 

set where calculus was measured using VMI on all teeth present.

B.1.3 Defining 'high calculus' group

The decision to remove calculus is made for the individual subject rather than for 

each tooth showing calculus deposition. The extent of calculus will determine the 

time required to scale that subject. However, in many time estimating methods 

(Johansen et al., 1973; Ekanayaka and Sheiham, 1978; WHO, 1978; Oliver et al., 

1989), individuals are uniformly assigned a time value without considering the 

variation in the amount of calculus they have. Therefore, it is necessary to have 

subject level outcome which could be used in the models and scenarios tested in this 

study. Categorising subjects into high or low calculus groups is one of the ways such 

an outcome measure could be constructed. Traditionally, subjects have been divided 

into high or low calculus formers based on the rate of formation of calculus. To do
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this information on calculus incidence is necessary and since such data is not 

available an alternate definition of high calculus is sought here.

The extent of calculus is a number between 0 and 1, both inclusive, derived by 

dividing the number of units (surfaces or teeth) positive for calculus with the total 

number of the units measured. It is a continuous measure. However, using it in 

statistical models is replete with problems. Two major problems are that, one, being a 

finite bounded range, its distribution will not be normal and two, it is sensitive to the 

number of teeth examined or present in the mouth. The first problem is related to 

statistical modelling and the second is related to modelling the treatment need. The 

second problem occurs because the extent of calculus in two subjects, one with only a 

few teeth present and the other with all teeth present, having calculus on all teeth will 

be similar but the time required to remove calculus based on number of teeth to be 

scaled will be very different. Trials made to normalise its distribution by 

transformations and account for the number of teeth by weighing failed. However, 

extent of calculus can be a basis to determine whether a subject exhibit a tendency to 

have greater (or lesser) amount of calculus without being prejudiced by the number of 

teeth present or the skewed distribution. This is due to the fact that qualitatively the 

two subjects, in the example above, are similar; they both have calculus on all teeth 

present in the mouth. Similarly, categorising subjects into different groups and using 

statistical models for categorical variables will avoid the problem of the distribution. 

Information similar to that contained in an extent of calculus index can be captured by 

using a frequency variable, the number of teeth/surfaces scored positive for calculus 

and a categorical variable, which groups subjects according to the degree of extent of 

calculus in their mouth.
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An important consideration in categorising subjects will be to determine the cut off 

points, or levels, in the extent of calculus to divide subjects into categories. The 

variable number of teeth examined in the different data sets limits the number of 

categories into which the extent of calculus scores could be divided. For example, 

both NHANES III and the Employed Adult Dental Health Survey of US, measures a 

maximum of 14 teeth for calculus while the British Adult Dental Health Survey 1988 

measures 32 teeth. If three or more categories are used, in data sets where the number 

of teeth examined is small each category may represent a trivial difference in the 

absolute number of teeth/surface with calculus compared to data sets recording the 

whole mouth where differences may be more significant. Since such comparisons are 

intended in this thesis, a better approach would be to categorise into two groups. 

Compared to the division of a continuous measure into three or more groups, 

dichotomisation is a more qualitative process and it can be considered as applying 

some kind of a decision criterion founded on assumptions other than those based 

solely on the magnitude of the measurement. In the case of three or more categories, 

assumptions on the magnitude are more important as the groups produced are 

considered to be placed on an ordinal scale. In approaches to classify based on 

distribution of subjects, like Joshipura et al. (1994) did, the group membership for the 

individual subjects will have no meaning since the cut off points are placed in relation 

to the sample distribution rather than the measurement and at the neighbourhood of 

the cut off points, subjects on either side may have the same value for the 

measurement. This may not pose a problem in cases where associations and 

relationships of the measured condition with other factors are being studied. 

However, in this study, the classification of the subjects should reflect the measured
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value of their condition because the assessment of treatment needs will be based on 

them.

The site specificity of supragingival and subgingival calculus deposition was 

studied by Corbett and Dawes (1998). The data used for that study was made 

available by Professor C. Dawes for further analysis. This data set is used to describe 

the relationship of Volpe-Manhold index as it is used in clinical trials and the whole 

mouth calculus score, and the extent of calculus (measured as proportion of teeth with 

calculus).

The original data received was an ASCII file of records, each having information 

on patient, tooth, and for each vestibular and lingual surfaces -scores for 

supragingival calculus and grades for supra- and subgingival calculus. This file was 

transformed into formats suitable for importing into statistical applications.

The variables used are:

1. Total calculus score as the sum of scores for supragingival calculus for facial 

and lingual surfaces for all teeth.

2. VMI (CT) as the VMI score used in clinical trials and it is the sum of 

supragingival calculus scores for the lingual surfaces of lower anteriors.

3. Number of teeth with calculus as the number of teeth scored positive for supra 

gingival calculus.

B.1.3.1 Analytical m ethods

The analysis was restricted to supragingival calculus because the VMI measures 

supragingival calculus only.
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The total calculus score was dichotomised at its median. The upper half of the 

sample was considered to represent the high calculus group and the lower half as low 

calculus group. The aim of the analysis was to find the cut off point in the extent of 

calculus that can 'diagnose' this high calculus group membership for each subject. 

This was achieved by using Receiver Operating Characteristic curve analysis.

A Receiver Operating Characteristic (ROC) curve is a graph that plots the true 

positive rate as a function of the false positive rate at different cut-off points of a test 

score or value. In the present case, the curve plots the true and false positive rates at 

different cut off points of extent of calculus when compared to the 'true' classification 

based on calculus measured using VMI on all teeth.

The analysis considers the distributions of the extent of calculus (EC) in two 

populations defined using the total calculus score as high calculus and low calculus. If 

these distributions did not overlap, then there is a value of EC such that one of the 

distributions will be to its left and the other to its right. However the distributions do 

overlap and our task is to draw the cut off level so that maximum number of subjects 

in the distribution of high calculus group (high sensitivity) and the least number of 

subjects in the other distribution, low calculus, (high specificity) are included to the 

right of the threshold value. At each value of extent of calculus used as the cut off, a 

2X2 matrix can describe the sensitivity and specificity. The ROC curve plots 

sensitivity (as percent) against 1- specificity (as percent). The optimum value of the 

cut off will be the one that is nearest to the upper left point in the graph (Sensitivity = 

1 0 0 %, 1 -specificity = 0 ), which represent the case when the two distributions do not 

overlap. The area under the curve is a measure of how good the test is in 

discriminating between the two groups and the diagonal represent the case where the
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test cannot distinguish between the groups at all. At perfect discrimination, the area is 

equal to 1 and at complete failure the area is 0.5. If the confidence interval of the area 

does not include 0.5, then it may be concluded that the test have the ability to 

discriminate between groups. The ROC curve analysis was done using MedCalc, a 

small statistical package specifically written for medical applications.

In addition, to the above analysis the data was analysed for relationships between 

total calculus score and number of teeth positive for calculus and the VMI score for 

lower anterior lingual surfaces (as used in clinical trials). Finally, the correlation 

between supragingival and subgingival calculus was also examined.

B.1.3.2 R esults

The average of total calculus score for this small sample of 40 subjects was 41.8 

(95% Cl 34.3 to 49.3). The median score was 39 (95% Cl 29.5 to 53.1). When the 

cut off point for extent of calculus was chosen as 0.33, the sensitivity was 70% and 

the specificity was 85.7% (Figure B.l). No other value for cut off points could yield 

better results. However, the confidence intervals for both sensitivity and specificity 

were very wide. The area under the curve was 0.76 (95% Cl 0.60 to 0.88).

The Spearman rank correlation between number of teeth positive for calculus and 

the total calculus score was 0.65 (95% Cl 0.42 to 0.80) and that between total calculus 

score and VMI (CT) was 0.86 (95% Cl 0.74 to 0.93). When a curve was fitted in the 

scatter plot of total calculus score and VMI(CT), the best fit curve was described with 

a power equation as 1.5151 x 0.991, where the x is VMI(CT).

Dichotomising, supragingival and subgingival calculus grades, a phi coefficient of

0.18 was obtained which was statistically significant.
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B.1.3.3 D iscussion

A major consideration in categorising continuous variables is the rule applied to do 

such categorisation. In the present study, there were no precedence to follow. In this 

situation, it was considered a better practice to base the outcome measures on some 

analytical evidence rather than arbitrarily assigning group memberships. Therefore 

the data from Corbett and Dawes (1998), which contained a quantitative measure of 

calculus was used to establish the rules in defining outcomes. However at the outset 

the limitations of this data should be clarified.

The major limitation of this data was the small number of subjects involved. 

However considering the type of calculus measurement, large sample sizes are not 

feasible, and also it should be remembered that the data was collected primarily for 

other purposes than those used here. For ROC curve analysis the sample size should 

be at least 100. The large shortfall in sample size in the present analysis is reflected in

Figure B.l Receiver operating characteristic curve for extent of calculus 
predicting total calculus score above the median value (VMI 39mm)
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the wide confidence intervals. Yet all the results were statistically significant. 

Therefore, the findings of this analysis could be accepted to be qualitatively true.

The distribution of total calculus score, in this sample was normal, in spite of the 

small sample size. The mean and the median were close to each other. This gives the 

high calculus, as defined here a meaning — having greater than average amount of 

calculus. The results of the ROC curve analysis have yielded a cut off point of 0.33 

for extent of calculus to divide subject into high or low calculus groups. The sum of 

sensitivity and specificity at this cut off point was the highest and equalled 156. As a 

rough rule of thumb 160 may be taken as the value for a good diagnostic test and the 

result here is close to it. The area under the curve was 76 percent. This can be 

interpreted as: 76 percent of the time an individual who is randomly selected from the 

high calculus group will have an extent of calculus value greater than that of a 

randomly selected individual from the low calculus group. The value 0.33 was 

constantly selected as the discriminating threshold even when, as a check, the high 

and low calculus groups were defined using other values of total calculus score. 

Therefore the choice of the criterion of an extent of calculus above 0.33 seems to be 

well validated and it has also the advantage of yielding a simple definition for high 

calculus group as those having calculus in more than one third of the teeth present.

The results of this analysis also supported the assumption that as the quantity of 

calculus increases the spread of the calculus in the dentition also increases. The 

Spearman rank coefficient for correlation between number of teeth with calculus and 

the total calculus score was 0.65, albeit with a wide confidence interval. In the case of 

total calculus score, the score can be monopolised by a few teeth like the lower 

anterior teeth. Yet in this sample, there was significant increase in the number of teeth
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involved as the total calculus score increased. Though the results are not reported, a 

ROC curve analysis was done to discover the cut off point of the number of teeth with 

calculus to discriminate between high and low calculus groups. The cut off point for 

number was 8  suggesting that high calculus groups will have calculus in at least two 

sextants. The choice of extent of calculus instead of the absolute number of teeth with 

calculus was made due to the fact that extent of calculus is a measure relative to the 

number of teeth present in the mouth.

Volpe et al. (1965) noted that the two thirds of the supragingival calculus formed in 

the mouth are formed in the lower anterior lingual surface and this was given as the 

rationale for limiting VMI to the lingual surface of the lower anterior teeth. Therefore 

the Spearman rank correlation coefficient of 0.88 between total score and that for 

lower anterior lingual surfaces was not surprising. Regressing the total score on the 

lower anterior scores yielded a power equation but the index of lower anterior score 

was 0.991, which if taken as 1 gives a simple scalar relationship between lower 

anterior score and the total score. The total score is one and half times the lower 

anterior scores, a result comparable to those of Volpe et al. (1965).

These results were obtained for supragingival calculus, but most of the data 

available for this thesis do not distinguish between supra and subgingival calculus. 

Therefore an assumption has to be made that the relationships shown for the 

supragingival calculus holds good for subgingival calculus too. A small but 

significant correlation (phi = 0.18) was shown between supra and subgingival 

calculus, which may go towards justifying this assumption. However, on the whole, 

this assumption is axiomatic in character.
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B.1.4 Summary
1. Except in the case of site-specific analyses, the smallest unit of measurement is

the tooth. A tooth is considered positive for calculus if any surface examined

has been noted as having calculus.

2. Three with in subject level outcomes could be

a. The number of teeth positive for calculus.

b. The proportion of teeth positive for calculus to the total number of teeth 

examined, called as the extent of calculus.

c. A binary variable, classifying the subject as belonging to high calculus 

group or not, based on the criterion extent of calculus is more than 0.33 or 

equivalently as having more than one third of the teeth present in the 

mouth with calculus.

B.2 Statistical procedures
The selection of statistical model was based on the assumed processes that 

generated the data.

2.0.1 Negative binomial regression

In the case of number of teeth with calculus, it could be considered as the count of 

number of times calculus was observed when the dentition was examined. Each 

observation could be considered as an event and the data generating process of event 

counts is an exponential Poisson process (King, 1988). This formulation did not 

consider the amount of calculus or the area of coverage of calculus. It took into 

consideration the subjective nature of marking a tooth as having calculus after
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examining only two surfaces, mesial and buccal in US data and mesial and distal in 

the British data.

The Poisson function is characterised by a single parameter X. The mean and 

variance of Poisson distribution are the same and equal to X. When the variance is 

larger than X then the Poisson distribution is said to be over dispersed. An over 

dispersed Poisson distribution approaches the negative binomial distribution.

In the case of Poisson distribution the probability that number of teeth with 

calculus equals to r is

p ( r )  = —̂^ , r  =  1 , 2 . . .

where X is the mean and variance (Ross and Preece, 1985). Here it was assumed 

that observing calculus in one tooth was independent of observing calculus in another 

tooth in the same subject. However, the subjects might vary in proneness for having 

calculus so that variance could be greater than the mean. In this case the distribution 

will have two parameters p (the mean) and k. The variance of the distribution is

p+(p^/k) (Ross and Preece, 1985). The extra variation is considered due to an 

unobserved parameter with gamma distribution. ST AT A, the programme used in this 

thesis to model, assumes this distribution to have a mean of 1  and variance of k.

Assume that calculus occurrence in different subjects were independent, while 

there was a characteristic number of teeth with calculus in subjects sharing similar
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characteristics. Then, the mean number of calculus teeth could be considered to be 

dependant on a vector of explanatory variables and given by

|u. = e

If variation between subjects was absent then number of teeth with calculus was 

given by the Poisson model

p(y>) = y'-

where p(y,) was the probability of yj number of teeth with calculus and mi was the 

mean number of teeth with calculus. However, in the presence inter subject 

variability, the negative binomial regression model was used and it was represented as

Piyd =

/tu. y Y 1 \ k

y .; r0

where F(.) represented the 'gamma function'. The size of the parameter k in this 

equation gave the amount of over dispersion. Larger the k greater was the variability 

between subjects and as explanatory variables were added into the model, the k 
reduced in size. Therefore, the maximum k was seen in the model with no explanatory 

variables. The change in k as variables were added into the model could act as a
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measure of the influence of the variable (Miaou and Lum, 1993). When k was zero, 

the negative binomial model was equivalent to the Poisson model.

The ST AT A command nbreg was used in this thesis for negative binomial 

regression. This procedure allowed specifying a variable as offset or exposure. The 

exposure variable was used to adjust for the influence of number of teeth present in 

the mouth. The nbreg command allowed the use of population weights so that design 

effects of the surveys could be accounted for. The programme tested for the 

hypothesis that A: = 0. STATA outputs refer to k as Alpha. The results are presented in 

terms of prevalence ratios, which could be interpreted as the increase in prevalence of 

calculus teeth with unit change in the explanatory variable. As causal inference 

regarding calculus was not an objective of this study, the negative binomial regression 

was used just to get adjusted prevalence ratios for the explanatory variables of 

interest.

2.0.2 Logistic regression

The outcome variable 'high calculus' was a binary variable with possible values 0 

and 1. Such binary outcomes are modelled using logistic regression models. The 

process variable is believed to be a continuous latent variable. The measured outcome 

takes the value 1 if the latent variable is above some threshold value or else the 

measured outcome is equal to 0. Many times, this latent variable is a conceptual 

convenience. However, in this study, 'high calculus' was a derived by dichotomising 

the extent of calculus as described above.

In logistic regression, the probability of the event occurring was calculated by
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where Xj is the vector of independent variables and Pj is the vector of coefficients 

(Po with Xq = 1 is the intercept in this depiction).

The left hand part of the equation represented the logit or logarithm of the odds 

ratio. Odds ratio could be defined as the ratio of'odds' or probability that y = 1, given 

the CO variâtes, to the 'odds' that y = 0, given the covariates. Logit could be considered 

as a transformation of the dependant variable (y) so that it satisfied the assumption of 

linearity, normality, and homogeneity of variance. The odds ratio does not make any 

assumptions regarding study designs and its popularity could be traced to the 

approximation of odds ratios to relative risks in the case of rare events. The odds 

ratios were used in this thesis to demonstrate the increased association of certain 

independent variables with 'high calculus' grouping and therefore the bias in relative 

risk due to common prevalence of the condition could be ignored.

The right hand part of the equation, contains an intercept term. The intercept term 

(Po) in logistic regression is difficult to interpret. For example, it couldnot be equated 

to the probability of being grouped as 'high calculus' when all covariates were held as 

0, because of the absurdity of that assumption for covariates like age. Better would be 

to consider it as a baseline odds where all covariates in the model were held as zero. It 

would also capture the bias in the model due to variables not included in the model. 

The odds ratio due to change in each covariate is given by the exponents of the
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coefficients and since logistic regression considers covariates to be independent, the 

odds ratio depends only on the covariate under consideration.

The STATA program offers a separate command, svylogit, for logistic regression 

using survey samples, which allowed for adjustment with population weights. This 

command was used for the analysis of the US and British survey samples.

2.0.3 Probit Analysis

A third regression model used in this thesis was the Probit analysis. Probit is 

similar to logit in that it transforms a discrete categorical response. Probit 

transformation replaces observed proportions with the value of standard normal curve 

corresponding to the same proportion of area under the curve. Thus, if the observed 

proportion was 95% then the probit would be 1.64, which is the value of z 

corresponding to 95% of area under the standard normal curve. (In a standard normal 

distribution, mean 0 and variance = 1, 95% of the observations will be below 1.64.) 

Probit analysis is usually used in bio-assay to assess the dose-response relationship. 

With a binary dependant variable the results of a logit model will be exactly same as 

that of a probit model. The probit models were used in this thesis to further analyse 

published results. Probit analysis can be done on grouped results from original or 

published data. Usually results on calculus prevalence will be presented in tables with 

proportion of units positive for calculus in different strata of an independent variable. 

This information, with total number of units examined in each strata is sufficient to 

apply probit analysis. Often there are other information about the stratum which can 

be added to the model. Probit analysis thus offers an opportunity to refine results from 

published sources.
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The dependant variable was proportion of teeth positive for calculus. Since this 

information was available only for supragingival calculus, the modelling was limited 

to supragingival calculus only.

The co-variates available were age, smoking and frequency of brushing. Since, 

only grouped values were available, the proportions of subjects smoking and those 

brushing two or more times were used in the regression equations. Two other 

variables were created to represent the period and the cohort. Period refers to the year 

survey was done. 1983 was labelled as 1 and 1993 as 2 and it is assumed that 3 will 

represent 2003. The surveys in Jonkoping used different subjects each time. Yet 

subjects sharing the same birth year can be considered as representing a 'synthetic 

cohort' and therefore a variable labelled sequential from 1 to 6  was created to 

represent the cohorts 1963,1953, 1943,1933, 1923 and 1913 representing the ages 20 

to 70 in 1983 and 30 to 80 in 1993. Where period was used as a co- variate the 

synthetic cohort was used as a factor replacing the age.

Different models were fitted. The models are labelled in sequence as A, B and so 

on. In the following equations the variables were labelled as follows:

AGE = Age in years

SMOKE = Percentage of smokers

BRUSH = Percentage of subjects brushing two times or more.

CALPOS = Proportion of subjects positive for supragingival calculus

PERIOD = 1 if 1983, 2 if 1993

COHORT = Birth year; 1 = 1963, 2 = 1953, 3 = 1943, 4 = 1933, 5 = 1923, 6 = 1913
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HIC AL = Proportion of subjects positive for supragingival calculus in more than 

one-third of their teeth.

The models were tested by calculating the goodness of fit of the predicted values to 

the observed values using the formula:

2 _ R es id u a l
X  -  X-----------

^ n ,  •  V:  '

2

where n̂  is the number of observations in the ith sub-group and pj the predicted 

responses in the ith sub-group (Norusis, 1993).

For comparison of one model to the other an arbitrary measure, Rp^, was used. The

Rp^ is the percentage of observations in the sample that is correctly estimated by the 

model (Studenmund, 2000). Since exact matching of the observed and estimated 

values was rare, a difference between the two with in a level ± 0 . 0 2  was considered as 

a match.

The role of regression techniques in this thesis was one of model-based adjustment 

of confounding and therefore limited. The regression models were used so that 

calculus prevalence in groups defined by one explanatory variable could be expressed 

after adjusting for other explanatory variables. Therefore these regression models 

would include only the explanatory variables of interest. A consequence of this was 

the model fit obtained in the regression models here might not be the best. Similarly, 

no attempt was made to use step-wise selection of variables. All variables included 

were considered as important for the purpose of this thesis and used in the model.
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Trends in Oral hygiene practice in the 
United Kingdom

This appendix complements Chapter 6  and presents the evidence for the popularity 

of toothpastes containing anti-calculus agents. This is achieved by studying the 

market for these products and how it has changed in the United Kingdom. A concept, 

which is tested in this study, is that the mass adoption of better oral hygiene practices 

will result in reduced dental treatment needs particularly with regard to the 

professional removal of calculus. A global indicator of oral hygiene practice of a 

population, which is relevant to this concept, is the market share of relevant oral 

hygiene products. Using such an indicator has the following advantages:

1. It forms an independent check on self-reported hygiene practices. For example, 

when questioned how often they change their toothbrush interviewees tend to 

answer according to their perception of what the optimum number of times should 

be according to the dental profession. In this cases it is four times a year (once
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every three months) but from the number of toothbrushes sold in UK it was clear 

that they change less often, once in ten months or so (Market Intelligence, 1998).

2. It yields population trends that are closer to the true value as compared to esti

mates made from small studies.

3. With reference to the concept tested in this study, the market shares will repre

sent those factors, which are not included in the epidemiological model, that drive 

people to improve or change their oral hygiene practices.

Disadvantages of this indicator is that it is based on data collected for a purpose 

other than to describe oral hygiene practice of the population. Thus these figures 

report how much money people spend on materials and tools used in oral hygiene and 

not how well they use them.

Major source of data on oral hygiene retail market in UK was the report on Oral 

Hygiene by Mintel International Group Limited (1998), which is also the latest 

available from them. The trends in personal hygiene spending in UK and Europe were 

drawn from European Marketing Data and Statistics publish yearly by Euromonitor 

pic. London.

The latest data from Euromonitor showed that citizens of UK spent more on 

personal and oral hygiene products than those from any of the other EU countries 

(European Marketing Data and Statistics, 2000). In 1998, on the average a person in 

UK spent US$13.79 on bath and personal hygiene products and US$18.25 on oral 

hygiene products. Comparing these values for oral hygiene products with those in the 

previous years, show that there was a positive trend (Table C.l).

Between 1993 and 1998, there had been a 35% increase in the retail sales of oral 

hygiene products which was partly due to inflation because when the prices were
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adjusted for 1993 price the increase fell to 14 percent (Market Intelligence, 1998, 

figure 3). Toothpaste account for 55% of the sales, followed by toothbrush (23%) and 

mouthwash (12%) (Market Intelligence, 1998, figure 4). The toothpaste sales had 

increased from 224 million pounds in 1993 to an estimated 395 million pounds in 

1998, which when adjusted to 1993 prices represent a 15% increase (Market 

Intelligence, 1998, figure 4). However the report in its text states that in terms of 

volume of toothpaste the increase was just 2% (Market Intelligence, 1998, pl2). 

Among the different kinds of toothpastes maximum gain (129.2%) was made by 

complete protection range and Whitening toothpaste (+50%) while Tartar control 

toothpaste lost ground by 22.7%.

The toothpaste market was considered not to be price sensitive meaning thereby 

that consumers were willing to pay for what they perceived as products with greater 

efficacy. They chose multi-benefit toothpastes over single factor pastes like tartar 

control and baking/bicarbonate of soda toothpaste even though the former were 

costlier. In this perspective consumers seemed to shop for value.

Table C.l UK retail sales of oral hygiene sales, 1993-98

Year Pounds
(mil
lions)

Index 1993
pounds
(mil
lions)

Index

1993 410 1 0 0 410 1 0 0

1994 424 103 409 1 0 0

1995 459 1 1 2 429 105
1996 488 119 440 107
1997 521 127 456 1 1 1

1998 553 135 468 114
Source: Market Intelligence, 1998
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In 1993, 70.5 million units of toothbrush were sold in UK, which increased to 80.0 

million in 1998 (Market Intelligence, 1998, figure 7). The proportion of non-buyers of 

toothbrush reduced from 5.1% in 1993 to 3.2% in 1997 (Market Intelligence, 1998, 

figure 17). The average number of toothbrushes per person per year was only 1.5 

(rounded to nearest 0.5) and the price of the brush had increased 34% over this period. 

In contrast, the retail sales of mouthwashes declined from 1993 to 1998 (Market 

Intelligence, 1998, figure 8 ).

The manufacturers of complete protection and tartar control toothpastes like 

Colgate (Total, Tartar control), Proctor and Gamble (Crest Tartar Control) and Smith, 

Kline and Beecham (McLean’s Total Clean) controls 67% of the UK toothpaste 

market (Market Intelligence, 1998, Figure 10). In 1997, toothpaste companies put 7% 

of the sales into advertisement. Colgate, whose budget was more than the combined 

total of all other companies, used 25% of its advertising budget on Colgate Total.

People who are willing to pay extra for greater benefits, and often try and buy new 

brands can be classified as 'adventurous' and they are considered to be more 

susceptible to change in the toothpaste formulations. The demographic profile of 

these 'adventurers’ show they are in majority women, people between 20 to 44 years 

of age, employed and married (Market Intelligence, 1998, figure 23).

Compared to 1998 figures, it was forecasted that there would be a 6 % increase in 

the sale of the toothpaste and 16% increase in that of the toothbrush.

The market survey of oral hygiene and general hygiene products reveal that there 

was an increasing trend for people in UK to spend more on these products. They were 

also willing to pay for products they perceive as having better efficacy. They also 

reveal that groups like males who were less conscious about grooming in the past
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were becoming more fastidious. With the industry interested in developing multi- 

benefit toothpaste, especially those directed against plaque, tartar, gum and 

periodontal diseases, and willing to promote their campaign through advertising 

mediums, and consumers willing to be 'adventurous', we can expect growth in the use 

of toothpaste that will reduce calculus.

However, a word of caution about accepting the results of these market surveys 

should be said. These surveys represent monetary value of the sales of these products. 

The monetary value will increase with the rising inflation and even when adjusted for 

will not reflect the actual change in the volume of products or the number of their 

users. For example the 15% increase in sales of toothpaste between 1993 and 1998 

represented only 2% increase in volume. Again, a 22% reduction in Tartar control 

toothpaste, because it is cheaper, may represent a larger volume than a 2 2 % increase 

in complex protection range. Therefore, these reports are best considered as only 

indicators to substantiate the assumption that consumers will adopt toothpaste with 

better efficacy. Perhaps this optimism is reflected in ten Cate’s suggestion that the 

development of a chemical method of calculus prevention could eliminate the 

necessity for professional calculus removal (ten Cate, 1989).
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Tables for the results of epidemiological 
analysis

The tables for the epidemiological analysis described in Chapter 5 are presented in 

this appendix.
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Table D.l The number of teeth with calculus in different subgroups in Adult 
Dental Health Survey 1988, UK

Mean SE LCL UCL Comparison
s

Age
16-19 3.62 0.25 3.13 4.10 A

20-29 7.17 0 . 2 2 6.74 7.61 B, E,F
30-39 7.78 0.23 7.34 8 . 2 2 B,C
40-49 8.05 0 . 2 2 7.62 8.49 C,D,E
50-59 8.67 0.29 8 . 1 0 933 D
60-69 7.31 0.29 6.75 7.87 E
70+ 6.27 0.43 5.44 7.11 F

Sex
Female 6 . 6 6 0.13 639 6.92 A
Male 7.74 0.15 7.45 8.04 B

Social class
I 5.83 0.27 5.31 636 A
II 6.53 0.17 6.19 6 . 8 6 B
IIINM 7.27 0.29 6.71 7.84 C
HIM 7.80 0 . 2 0 7.41 8.18 C,D
IV 8 . 0 0 0.32 7.36 8.63 D
V 9.27 0.59 8 . 1 1 10.43 D

Education
<14 years 7.50 0.29 6.93 8.07 A
15 years 8.51 0 . 2 2 8.08 8.93 B
16 years 7.29 0 . 2 0 6.90 7.67 A,C
17 years (x39 0.32 5.76 7.01 C,D
1  8  years 6 . 1 2 0.35 5.43 6.81 D
More than 1 8  years 6.28 0.23 5.83 6.72 D

Dental attendance
Regular (L26 0.13 6 . 0 1 6.50 A
Occasional 7.33 0.27 6.80 7.86 B
Only with trouble &39 0.19 8 . 0 1 8.76 C

Last visit to dentist
With in six months 6.24 0 . 1 2 6 . 0 0 6.48 A
Seven to 24 months 7.33 0 . 2 0 6.93 7.72 B
More than 24 months 9.14 0.24 8 . 6 6 9.61 C

Frequency of brushing
Once or less 9.33 0.47 8.40 10.25 A
Twice 8.15 0 . 2 2 7.72 838 B
Thrice 6.71 0.13 6.45 6.96 C
More than Thrice 6.56 0.23 6 . 1 1 7.00 C

standard Error, LCL: Lower confidence lunit, UCL: Upper Confidence Limit 
Comparisons: Groups with same letters are not significantly different.
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Table D.2 The number of teeth with calculus* in different subgroups in 
NHANES III

Mean SE LCL UCL Comparisons
Age

16-19 4.01 0.16 3.71 4.32 A
20-29 5.91 0 . 1 2 5.68 6.13 B
30-39 5.76 0.13 5.52 6 . 0 1 B
40-49 5.24 0 . 1 2 5.00 5.48 C
50-59 4.32 0 . 1 2 4.08 4.55 A
60-69 3.61 0 . 1 2 3 J8 3.84 D
70 -79 3.07 0 . 1 2 2.84 3.30 E
80+ 2.73 0.14 2.45 3.01 E

Sex
Female 4.35 0.06 4.24 4.47 A
Male 5.59 0.08 5.43 5.75 B

Education (years):
< 8 5.32 0.17 4.99 5.64 A

8 4.38 0.25 :L8 8 4.88 B,C
9-1 1 5.52 0.14 5.26 5.79 A
1 2 5.18 0.09 5.01 5.35 A
13-15 4.77 0 . 1 1 4.55 4.98 B,C
16 4.34 0.14 4.05 4.62 C
17 4.31 0.17 3.97 4.65 C

Income ratio
<0.5 5.80 0.24 5.32 6.28 A,B

0.5-1 6.18 0.17 5.85 6.50 A
> 1  - 2 5.35 0 . 1 1 5.13 5.56 B
> 2 - 3 5.00 0 . 1 2 4.77 5.23 C, E
> 3 - 4 4.60 0.13 4.36 4.85 D,E
> 4 - 5 4.67 0.18 4.33 5.02 E
>5 4.08 0 . 1 2 3.84 4.31 F

Socioeconomic Status
High 4.25 0 . 1 0 4.06 4.45 A
Upper middle 4.80 0 . 1 1 4.60 5.01 B
Lower middle 5.25 0 . 1 0 5.04 5.45 C
Low 5.63 0 . 1 1 5.42 5.84 D

Dental attendance:
Irregular 5.51 0.08 5.36 5.67 A
Regular 4.39 0.06 4.27 4.52 B

Last visit to dentist
6  months or less 4.32 0.07 4.18 4.45 A
6 - 1 2  months 5.28 0 . 1 1 5.07 5.50 B
1 - 2  years 5.84 0.15 5.54 6.13 C
3-5 years 5.30 0 . 1 2 5.06 5.54 B
5 years or more 6.31 0.37 5.59 7.04 C

Smoking:
Nonsmoker 4.57 0.07 4.43 4.70 A
Past smoker 4.50 0 . 1 0 4.31 4.69 A
Current smoker 5.93 0 . 1 0 5.73 6.13 B

SE: Standard Error, LCL, UCL: Lower & Upper Confidence Limits. 
Comparisons: Groups with same letters are not significantly different.
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Table D.3 The number of teeth with subgingival calculus* in different 
subgroups in NHANES III

Mean SB LCL UCL Comparisons
Age

16-19 2.15 0.17 1.80 2.49 A H
20-29 4.41 0.17 4.08 4.74 BC
30-39 4.09 0.17 3.75 4.43 CD
40-49 3.66 0.16 3.34 3.98 D
50-59 3.22 0.15 2.92 3.52 EF
60-69 2.91 0.14 2.63 3.19 FG
70 -79 2.61 0.15 2.31 2.91 GH
80+ 2.50 0.18 2.14 2 . 8 6 H

Sex
Female 282 0.07 2 . 6 8 2.97 A
Male 4.45 0 . 1 1 4.23 4.68 B

Education (years):
< 8 5.79 0.23 5.34 6.25 A, C

8 4.39 0.35 3.70 5.08 B, D
9-1 1 5.22 0 . 2 1 4.81 5.64 C
1 2 3.87 0 . 1 2 3.64 4.11 D
13-15 2.72 0.13 2.46 2.97 E
16 2 . 0 0 0.15 1.71 2.29 F
17 1.96 0.16 1.64 2.28 F

Income ratio
<0.5 5.72 0.39 4.95 6.49 A,B

0.5-1 6.35 0.28 5.80 6.90 B
> 1  - 2 4.84 0.17 4.51 5.16 C
> 2 - 3 3.54 0.16 3.23 3.86 D
> 3 - 4 :L8 6 0.14 259 3.14 E
> 4 - 5 2.06 0.17 1.73 239 F
>5 1.67 0 . 1 2 1.44 1.90 F

Socioeconomic Status
High 1.71 0.09 1.53 1 . 8 8 A
Upper middle 2.92 0.13 2 . 6 8 3.17 B
Lower middle 4.27 0.15 3.97 4.56 C
Low 5.75 0.17 5.42 6.08 D

Dental attendance:
Irregular 4.99 0 . 1 1 4.77 5.22 A
Regular 2 . 2 1 0.07 2.07 2.34 B

Last visit to dentist
6  months or less 2.35 0.08 2 . 2 1 250 A
6 - 1 2  months 3.86 0.16 3.55 4.17 B
1 - 2  years 4.48 0 . 2 2 4.04 4.91 C
3-5 years 5.06 0.17 4.72 5.39 D
5 years or more 7.31 0.60 6.13 8.49 E

Smoking:
Nonsmoker 2.80 0.08 2.64 2.95 A
Past smoker 289 0 . 1 1 2 . 6 6 3.11 A
Current smoker 5.48 0.16 5.17 5.80 B

SE: Standard Error, LCL, UCL: Lower & Upper Confidence Limits. 
Comparisons: Groups with same letters are not significantly different.
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Table D.4 The number of teeth with calculus* in different subgroups in 
Employed Adults Survey, USA

Mean SB LCL UCL Comparisons
Age
<30 years 3.75 0.09 3.57 3.93 A

30-39 years 4.02 0 . 1 0 3.82 4.22 B
40-49 years 3.75 0.09 3.56 3.93 A
50-59 years 3.49 0 . 1 0 3.28 3.69 A C
>60 years 3.20 0.16 :2 . 8 8 3.52 C

Sex
Male 4.23 0.07 4.09 4.37 A
Female 3.16 0.06 3.04 3.28 B

Education
< 8  years 5.53 0.26 5.01 6.05 A

8  - 1 1  years 4.38 0.19 4.00 4.76 B
1 2  years 3.90 0.09 3.72 4.08 C
1 2  + years 3.73 0.13 3.48 3.97 CD
13-15 years 3.56 0 . 1 1 3.35 3.77 D
16 + years 3.17 0.08 3.00 3.33 E

Income
Under $7500 4.61 0.16 4.30 4.91 A
$7500-312,499 4.18 0.13 3.92 4.44 B
$12500-319,900 3.81 0 . 1 0 3.61 4.02 C
$20,000-29,999 3.56 0 . 1 1 3.34 3.78 CD
$30,000-$$39,999 3.25 0 . 1 1 3.03 3.48 DE
$40,000 or more 3.00 0 . 1 0 2.80 3.20 E

Socioeconomic status
High 3.23 0.08 3.08 338 A
Upper middle 136 0.09 3.19 3.54 A
Lower middle 4.01 0 . 1 0 3.80 4.21 B
Low 4.52 0 . 1 2 4.29 4.74 C

Last visit to dentist
Less than 1 year 3.23 0.06 3.11 3.34 A
1 - 2  years 4.36 0.09 4.18 4.53 B
More than 3 years 4.96 0.19 4.59 5.33 C
Halt-mouth figures are presented 

SE: Standard Error, LCL: Lower confidence limit, UCL: Upper Confidence Limit
Comparisons: Groups with same letters are not significantly different.
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Table D.5 The relationship of age and number of teeth with calculus in Adult 
Dental Health survey 1988, UK

Age Crude
PR

Adjusted

PR LCL UCL P
16-19 1 . 0 0 0 1 . 0 0 0

20-29 1.95 1.77 1.52 2.07 0 . 0 0 0

30-39 2.29 2 . 1 0 1.78 2.48 0 . 0 0 0

40-49 2.60 2.39 2 . 0 2 282 0 . 0 0 0

50-59 3 J2 2.93 2.47 3.48 0 . 0 0 0

60-69 3.52 3.14 2.62 3.78 0 . 0 0 0

70+ 3.81 3.37 2.75 4.13 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits, 
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule 
probability.

Adjusted for sex, social class, marital status, dental attendance pattern, last 
visit to dentist, and frequency of bmshing

Table D.6 The relationship of age and number of teeth with calculus in 
NHANES HI, USA

Age Crude
PR

Adjusted

PR LCL UCL P
16-19 years 1 . 0 0 0 1 . 0 0 0

20-29 years 1.51 1.42 1.29 1.56 0 . 0 0 0

30-39 years 1.57 1.63 1.49 1.79 0 . 0 0 0

40-49 years 1.64 1.81 1.65 2 . 0 0 0 . 0 0 0

50-59 years 1.75 2 . 0 0 1.82 2 . 2 0 0 . 0 0 0

60-69 years 1.74 2 . 0 1 1.82 2 . 2 2 0 . 0 0 0

70 + years 1.91 2.24 2.03 2.47 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, socio-economic status, ethnicity, dental attendance pattern, last visit to 

dentist, and smoking
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Table D.7 The relationship of age and number of teeth with calculus in 
Employed Adult Dental Survey, USA

Age Crude
PR

Adjusted

PR LCL UCL P
18-19 years 1 . 0 0 1 . 0 0

20-29 years 1.41 1.43 1.19 1.72 0 . 0 0 0

30-39 years 1.56 1.08 1.42 2.05 0 . 0 0 0

40-49 years 1.76 2.06 1.71 2.48 0 . 0 0 0

50-59 years 1.92 2.24 1 . 8 6 2.70 0 . 0 0 0

60-69 years 1.95 2.28 1.87 2.79 0 . 0 0 0

70 + years 2.47 2.79 1.96 13.96 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits, 
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability. 
Adjusted for sex, socio-economic status, ethnicity, and last visit to dentist.

Table D.8 Prevalence ratios for calculus teeth in males compared to females

Data set C rude

PR

A djusted*

PR SE LCL UCL P

UK 1.16 1.07 0.03 1.01 1.13 0.014

NHANES III 1.23 1.20 0.23 1.16 1.25 0.000

EMPLOYED
ADULTS

1.30 1.28 0.03 1.22 1.35 0.000

PR: Prevalence Ratio, SB: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
* UK - adjusted for age, social class, marital status, dental attendance pattern, last visit to 

dentist, and frequency of bmshing
NHANES III - adjusted for age, socio-economic status, dental attendance pattern, last visit to 
dentist, and smoking.
Employed Adults - adjusted for age, socio-economic status, ethnicity, and last visit to dentist.
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Table D.9 The relationship of social class and number of teeth with calculus in 
Adult Dental Health survey 1988, UK

Social
Class

Crude
PR

Adjusted

PR LCL UCL P
I 1 . 0 0 1 . 0 0

II 1 . 2 2 1 . 1 1 1 . 0 0 1.24 0.059

HIM 1.32 1 . 2 1 1.07 1.37 0 . 0 0 2

IIINM 1.49 1.24 1 . 1 1 1.39 0 . 0 0 0

IV 1.52 1.23 1.09 1.40 0 . 0 0 1

V 1.79 1.51 1.28 1.77 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits, 
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability. 
Adjusted for age, sex, marital status, education, dental attendance pattern, 

last visit to dentist, and frequency of brushing

Table D.IO The relationship of socio-economic status and number of teeth 
with calculus in NHANES HI, USA

Socio-economic
status

Crude
PR

Adjusted

PR LCL UCL P
High 1 . 0 0 1 . 0 0

Upper middle 1.23 1.15 1.09 1 . 2 2 0 . 0 0 0

Lower middle 1.47 1.26 1.19 1.33 0 . 0 0 0

Low 1.80 1.40 1.32 1.49 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability. 
Adjusted for age, sex, ethnicity, dental attendance pattern, last visit to dentist, and 

smoking
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Table D .ll The relationship of education and number of teeth with calculus in 
Adult Dental Health survey 1988, UK

Education Crude
PR

Adjusted

PR LCL UCL P
14 years or less 1 . 0 0 1 . 0 0

15 years & 8 6 1.13 1.03 1.25 0.013

16 years 0.62 1 . 1 0 0.99 1 . 2 2 0.083

17-18 years 0.54 0.97 0 . 8 6 1.09 0.597

> 1 8  years 0.52 0.92 0.81 1.04 0.180
PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for age, sex, social class, marital status, dental attendance pattern, last visit to 

dentist, and frequency of brushing

Table D.12 The relationship of education and number of teeth with calculus in 
NHANES HI, USA

Education Crude
PR

Adjusted

PR LCL UCL P
< 8  years 1 . 0 0 1 . 0 0

8  years 0.93 0.97 &89 1.05 0.436

9-11 years 0.82 1 . 0 1 0.94 1.08 0.816
1 2  years 0.71 0.91 0.85 0.97 0.003

13-15 years 0.58 0.82 0.76 (188 0 . 0 0 0

16 years 0.50 0.76 0.70 0.83 0 . 0 0 0

17 years 0.50 0.71 0.65 0.79 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, socio-economic status, ethnicity, dental attendance pattern, last visit to 

dentist, and smoking
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Table D.13 The relationship of income and number of teeth with calculus in 
NHANES III, USA

Income ratio Crude
PR

Adjusted

PR LCL UCL P
<0.5 1 . 0 0 1 . 0 0

0.5- 1 1 . 1 1 1.60 0.98 1.15 0.156
> 1  - 2 1 . 0 0 1 . 0 2 0.94 1 . 1 0 0.652
> 2 - 3 & 8 6 0.97 0.89 1.05 0.405
> 3 - 4 0.75 0.93 0.85 1 . 0 1 0.093
> 4 - 5 0.74 0.97 0 . 8 8 1.07 0.534
>5 0.63 0 . 8 6 0.78 0.95 0.003

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, education, ethnicity, dental attendance, last dental visit, and smoking.

Table D.14 The relationship of income and number of teeth with calculus in 
Employed Adult Dental Survey, USA

Income Crude
PR

Adjusted

PR LCL UCL P
under $7500 1 . 0 0 1 . 0 0

$7500-$12,499 0.98 0.99 0 . 8 8 1 . 1 1 0.870
$12500-319,900 0.89 0.93 0.84 1.03 0.190
$20,000-329,999 0.84 0.91 0.82 1 . 0 1 0 . 0 1 0

$30,000-339,999 0.73 0.84 0.76 0.94 0 . 0 0 0

$40,000 or more 0.65 0.80 0.72 0.89 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits, 
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability. 
Adjusted for sex, socio-economic status, ethnicity, and last visit to dentist.
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Table D.15 The relationship of dental attendance pattern and number of 
teeth with calculus in Adult Dental Health survey 1988, UK

Dental Attendance Crude
PR

Adjusted

PR LCL UCL P
Regular 1 1 . 0 0

Occasional 1.15 1 . 1 1 1 . 0 2 1 . 2 1 0 . 0 2 0

Only with trouble 1.55 1 . 2 0 1 . 1 1 1.30 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for age, sex, social class, marital status, education, last visit to dentist, and 

frequency o f brushing

Table D.16 The relationship of last visit to the dentist and number of teeth 
with calculus in Adult Dental Health survey 1988, UK

Last Dental Visit Crude
PR

Adjusted

PR LCL UCL P
With in six months 1 . 0 0 1 . 0 0

Seven to 24 months 1.18 1 . 1 0 1.03 1.18 0.008
More than 24 months 1.62 1 . 2 1 1 . 1 2 1.32 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for age, sex, social class, marital status, education, dental attendance pattern, and 

frequency o f brushing

Table D.17 The relationship of dental attendance pattern and number of teeth 
with calculus in NHANES HI, USA

Dental attendance Crude
PR

Adjusted

PR LCL UCL P
At least once a year 1 . 0 0 1 . 0 0

Every 2 years 1.17 1.05 0.94 1.17 0.364
Less often than 2 years 1.34 1 . 2 1 1 . 0 1 1.46 0.043
Whenever needed 1.64 1.25 1.19 1.31 0 . 0 0 0

No more 2 . 0 0 1.38 1 . 2 2 1.57 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, socio-economic status, ethnicity, last visit to dentist, and smoking
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Table D IS The relationship of last dental visit and number of teeth with 
calculus in NHANES III, USA
Last dental visit Crude

PR
Adjusted

PR LCL UCL P
6  months or less 1 . 0 0 1 . 0 0

6 - 1 2  months 1.25 1.14 1.08 1 . 2 0 0 . 0 0 0

1 - 2  years 1.46 1 . 2 1 1.14 1.28 0 . 0 0 0

3-5 years 1.74 *

5 years or more 1.71 1.26 1 . 2 0 1.34 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, socio-economic status, ethnicity, dental attendance pattern, and smoking 
*3-5 years dropped due to colinearity

Table D.19 The relationship of frequency of toothbrushing and number of 
teeth with calculus in Adult Dental Health survey 1988, UK

Frequency Crude
PR

Adjusted

PR LCL UCL P
Once or less 1 . 0 0 1 . 0 0

Twice &82 0.95 0 . 8 6 1.06 0.380
Thrice 0.65 0,82 0.74 0.91 0 . 0 0 0

More than Thrice 0.63 0.82 0.73 0.93 0 . 0 0 2

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for age, sex, social class, marital status, education, dental attendance pattern, and last 

visit to dentist.

Table D.20 The relationship of smoking and number of teeth with calculus in 
NHANES III, USA

Crude
PR

Adjusted
Smoking PR LCL UCL P

Non smoker 1 . 0 0 1 . 0 0

Past smoker 1.17 1.08 1.03 1.13 0.003
Current smoker 1.44 1.29 1.23 1.35 0 . 0 0 0

PR: Prevalence Ratio, SE: Standard error, LCL: Lower Confidence Limits,
UCL: Upper Confidence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, socio-economic status, ethnicity, dental attendance pattern, last visit to 

dentist, and smoking
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Table D.21 The relationships of teeth with subgingival calculus in NHANES 
III, USA

Variables PR
Crude Adj. SE LCL UCL P

Age
16-19 LOO 1 . 0 0

20-29 1.96 1.77 0.16 1.47 2 . 1 1 0 . 0 0 0

30-39 1.98 2.15 0 . 2 0 1.79 2.58 0 . 0 0 0

40-49 2.09 2.53 0.24 2 . 1 0 3.05 0 . 0 0 0

50-59 2.43 339 0.34 2.80 4.12 0 . 0 0 0

60-69 2.53 3.83 038 3.15 4.67 0 . 0 0 0

70 -79 2.95 4.48 0.44 3.69 5.43 0 . 0 0 0

80+ 1 . 0 0 1 . 0 0

Sex
Female 1 . 0 0

Male 1.41 1.40 0.06 1.29 1.51 0 . 0 0 0

Socioeconomic Status
High 1 . 0 0

Upper middle 1.81 1.65 0 . 1 1 1.46 1 . 8 8 0 . 0 0 0

Lower middle 2.71 2.14 0.13 1.90 2.42 0 . 0 0 0

Low 3.90 2.62 0.17 2.31 2.98 0 . 0 0 0

Dental attendance
Regular 1 . 0 0 1 . 0 0

Irregular 1.58 1.46 0.18 1.15 1 . 8 6 0 . 0 0 2

Last visit to dentist
6  months or less 0.34 0.81 0.06 0.71 0.93 0 . 0 0 0

6 - 1 2  months 0.52 1.04 0.07 0.91 1.18 0 . 0 0 2

1 - 2  years* 0.64
3-5 years 0.91 1.14 0.07 1 . 0 0 1.30 0.042
5 years or more 1 . 0 0 1 . 0 0

Smoking
Nonsmoker 1 . 0 0 1 . 0 0

Past smoker 1.26 1.23 0.07 1 . 1 0 1.37 0 . 0 0 0

Current smoker 2.03 1.83 0.09 1.67 2 . 0 0 0 . 0 0 0

Comparisons: Groups with same letters are not significantly different. 
* Dropped due to colinearity in the adjusted model
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Table D.22 The relationships of teeth with subgingival calculus in 
Employed Adults Survey, USA

PR* SE LCL UCL P
Age

16-19 year 1

20-29 years 1.73 0.24 1.32 2.25 0 . 0 0

30-39 years 2.14 0.29 1.64 2.79 0 . 0 0

40-49 years 2.69 0.37 2.05 3.52 0 . 0 0

50-59 years :L88 0.40 2.19 3.78 0 . 0 0

>60 years 3.15 0.49 232 4.27 0 . 0 0

Sex
Male 1.40 0.06 1.28 1.53 0 . 0 0

Female 1 . 0 0

Socioeconomic status
High 1 . 0 0

Upper middle 1.25 0.09 1.09 1.44 0 . 0 0

Lower middle 1.54 0 . 1 1 1.34 1.76 0 . 0 0

Low 2.09 0.15 1.82 2.39 0 . 0 0

Education
< 8  years 1.13 0 . 1 1 0.92 1.38 0.23

8  - 1 1  years (186 0.08 0.71 1.04 0 . 1 2

1 2  years 0.71 0.08 0.58 (188 0 . 0 0

1 2  + years 0.63 0.07 0.51 0.77 0 . 0 0

13-15 years 0.57 0.06 0.46 0.70 0 . 0 0

16 + years
Income

under $7500 0.97 0 . 1 0 0.80 1.17 0.73
$7500-$ 12,499 (186 0.08 0.73 1.03 0 . 1 0

$12500-$19,900 (188 0.08 0.73 1.04 0.14
$20,000-29,999 0.73 0.07 0.61 (188 0 . 0 0

$30,000-$$39,999 0.70 0.07 0.57 0.85 0 . 0 0

Last visit to dentist
Less than 1 year 1 . 0 0

1 - 2  years 1.45 0.08 1.30 1.61 0 . 0 0

3-5 years 1.65 0 . 1 0 1.46 1 . 8 6 0 . 0 0

More than 5 years 1.80 0 . 1 2 1.57 2.06 0 . 0 0

*Adjusted for other variables in the table plus ethnicity
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Table D.23 The relationship of membership in high calculus group and age

A ge C rude
OR

A djusted

OR LCL UCL P
Adult Dental Health Survey 1988, UK

16-19 1.00 1.00

20-29 3.76 3.21 2.18 4.73 0.000

30-39 5.07 4.44 2 . 8 8 6.83 0.000

40-49 6.68 5.56 3^8 8.64 0.000

50-59 12.70 10.45 6.54 16.72 0.000

60-69 15.31 13.62 &08 22.97 0.000

70+ 19.51 17.24 9.13 32.56 0.000
NHANES HI

16-19 1.000 1.000

20-29 2.395 2.802 2.081 3.772 0.000

30-39 2.480 3.837 2.820 5.220 0.000

40-49 3.037 5.479 3.999 7.507 0 . 0 0 0

50-59 3.740 6.727 4.816 9.396 0.000

60-69 3.644 7.035 5.031 9.837 0.000

70+ 5.072 10.381 7.383 14.597 0.000
OR: Odds Ratio, SE: Standard error, LCL: Lower Confidence Limits, UCL: Upper Confi

dence Limits, p = 0.000 refers to minuscule probability.
Adjusted for sex, social class, marital status, dental attendance pattern, last visit to dentist, 

and frequency of brushing

Table D.24 Distribution of subjects according to the extent of supragingival 
calculus in Jonkoping, 1983 and 1993

Age 1983 1993
Total No Low High Total No Low High
N % % % N % % %

15 107 63.55 36.45 0 . 0 0 1 0 2 75.49 24.51 0 . 0 0

2 0 1 0 0 52.00 47.00 1 . 0 0 1 0 0 52.00 47.00 1 . 0 0

30 98 38.78 60.20 1 . 0 2 1 0 2 33.33 65.69 0.98
40 99 34.34 60.61 5.05 93 29.03 69.89 1.08
50 99 2 2 . 2 2 68.69 9.09 97 24.74 73.20 2.06
60 84 30.95 52.38 16.67 83 26.51 67.47 6 . 0 2

70 70 30.00 38.57 31.43 77 35.06 55.84 9.09
80 36 2 2 . 2 2 41.67 36.11 41 36.59 48.78 14.63

No - No calculus Low - Extent <0.33 High - Extent > 0.33
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Table D.25 Distribution of subjects according to the extent of subgingival 
calculus in Jonkoping, 1983 and 1993

Age 1983 1993
Total No Low High Total No Low High
N % % % N % % %

15 107 97.20 Z80 0 . 0 0 1 0 2 96.08 1.96 1.96
2 0 1 0 0 94.00 5.00 1 . 0 0 1 0 0 83.00 1 1 . 0 0 6 . 0 0

30 98 62.24 17.35 20.41 1 0 2 65.69 18.63 15.69
40 99 45.45 27.27 27.27 93 49.46 24.73 25.81
50 103 45.63 24.27 30.10 97 49.48 18.56 31.96
60 98 51.02 24.49 24.49 92 54.35 26.09 19.57
70 99 53.54 26.26 2 0 . 2 0 1 0 0 53.00 29.00 18.00
80 80 67.50 2 0 . 0 0 12.50 71 56.34 29.58 14.08

No - No calculus Low - Extent <0.33 High - Extent > 0.33

Table D.26 Distribution of subjects according to smoking status in Jonkoping, 
1983 and 1993

Age 1983 1993
Total No Light Heavy Total No Light Heavy
N % % % N % % %

15 107 97.20 Z80 0 . 0 0 1 0 2 96.08 1.96 1.96
2 0 1 0 0 94.00 5.00 1 . 0 0 1 0 0 83.00 1 1 . 0 0 6 . 0 0

30 98 62.24 17.35 20.41 1 0 2 65.69 18.63 15.69
40 99 45.45 27.27 27.27 93 49.46 24.73 25.81
50 103 45.63 24.27 30.10 97 49.48 18.56 31.96
60 98 51.02 24.49 24.49 92 54.35 26.09 19.57
70 99 53.54 26.26 2 0 . 2 0 1 0 0 53.00 29.00 18.00
80 80 67.50 2 0 . 0 0 12.50 71 56.34 29.58 14.08

No - No smoking Light <10 cigarettes/day Heavy 10+ cigarettes /day
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Table D.27 Probit analysis models to describe Jonkoping survey data
Outcome

Calculus present High
Models C D E F G
Variable Coefficients
Smoking - 0.00189 - -

Brushing >1/ - - -0 . 0 1 2 0.0023
Period - -

Age Intercepts
15 - 0.20886 0.29475 0.76826 -

2 0 - 0.7372 0.78422 1.4847 -

30 0.40081 1.13672 1.18701 1 . 8 6 6 8 -

40 0.51429 1.27501 1.33129 2.00133 -

50 0.74112 1.45128 1.50315 2.14925 -

70 0.85018 1.56564 1.64069 2.18228 -

V 0.5 0.67 0.67 0.67 0.83

Models H I J K L
Coefficients

Smoking - - 0.00086 -0.0024
Brushing >1/ - - -0.0184 0.00106
Period 0.10445 -0.4012
Cohort Intercept

1963 0.45801 2.39734 2.26777 1.65166 -

1953 0.71535 2.72229 2.59715 1.95001 -

1943 0.74666 2.77342 2.6093 2.0289 -

1933 0.96962 2.8749 2.72738 2.15927 -

1923 0.80713 2.85569 2.6785 2.10997 -

1913 0.92502 2.81887 2.63841 2.14609 -

V 0.17 0.25 0.67 0.67 0.5

The models are of the general form Probit(outcome) ^coefficients, variables + inter
cept. Predicted proportion was got by considering the probit value as Z and find
ing the corresponding proportion of the area under the normal curve.
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Systematic review of anti-calculus 
dentifrices: Search strategy and tables

This Appendix includes the search strategy for the identification of studies and

the tables on study characteristics, raw scores and effect sizes for individual studies. 

In addition a table describing the studies excluded from the review is also included. 

These tables are described and discussed in Chapter 6 .
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E.1 Search strategy
The Medline was searched using the phrases 'anticalculus' (84) , 'anti-calculus' 

(16), 'tartar control' (59), 'tooth?paste' or 'dentifrice' (2307) in free text and 'dental- 

calculus-prevention- and-control' (341) in MeSH. While these produced a large 

output, some of the known studies were missing. Therefore, additional terms in key 

words like 'pyrophosphates' and 'zinc- citrate', and authors who are likely to be 

involved in studies of anti-calculus toothpastes like Volpe-A-R, Lobene-R, White-D- 

J and Triratana-T were also tried. All such searches were linked with Boolean 'or' to 

yield as large an output as possible. Then limits were applied to this search to yield 

studies reporting randomised controlled trials. Standard filters recommended by 

Centre for Evidence Based Medicine, Oxford were applied.

1. RANDOMIZED-CONTROLLED-TRIAL in PT (use LIMIT)

2. META-ANALYSIS in PT (use LIMIT)

3. CONTROLLED-CLINICAL-TRIAL in PT (use LIMIT)

4. CLINICAL-TRIAL in PT (use LIMIT)

5. random* in ti,ab,mesh

6 . (meta?anal* or meta analy*) in ti,ab,mesh

7. (doubl* or singl*) and blind* in ti,ab,mesh

8 . explode CLINICAL-TRIALS (use THESAURUS)

9. crossover in ti,ab,mesh

10. 1 or 2 or 3 or 4 or 5 or 6  or 7 or 8  or 9

The output of this search was saved and printed ( 8 6  records). The abstracts were 

scored according to the following scheme:

Score 1 : The title indicates the suitability of the study for inclusion. These are the

papers were the title explicitly mention the study of effectiveness of anti-calculus

dentifrices in a clinical trial.

Score 2: The title is not sufficiently clear but the abstract reveals the study to be a

randomised controlled trial of anti-calculus dentifrice.
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Score 3: The abstract reveals the study not to be a randomised controlled trial but 

some of the papers like relevant reviews were marked for reference as they may 

yield reference for clinical trials of dentifrices.

Score 4: Irrelevant,

The review articles and cross references in the trial reports were used to identify 

more studies. An on-line search of patent database was done in the hope that some 

unpublished reports may surface. Journal of Periodontology, Journal of Clinical 

Periodontology, Clinical Preventive Dentistry, American Journal of Dentistry and 

Journal of Clinical Dentistry were identified as those most likely to have reports of 

anti-calculus dentifrice trials and were hand searched.

E.1.1 Inclusion criteria

Reports meeting the following criteria were selected for inclusion in the study:

1. Randomised controlled trials

2. Humans

3. Anti-calculus agents: Pyrophosphates, Zinc salts, PVM/MA copolymer and cit- 

roxan

4. 3 month (12 weeks) or more duration

5. Sufficient numbers of subjects

6 . Volpe-Manhold Index used for calculus scoring

7. Study design parallel control trial

8 . Absence of any other agents or intervention (including supervised tooth brush

ing) that may influence calculus formation.

9. Trials should report variance of the point estimate of VMI or have sufficient 

information to calculate it.

10. Comparisons between a placebo and active agent.

E.1.2 Exclusion criteria

Reports meeting the following criteria were excluded:
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1. Non-randomised trials

2. Animal and in vitro experiments

3. Studies of duration less than 3 months (12 weeks)

4. Calculus scored without using VMI

5. Studies with insufficient numbers (<3 0/group)

6 . Studies where other agents which my influence calculus formation (e.g. chlo- 

rhexidine) are present.

7. Study designs where comparisons are not made to a parallel control like baseline 

comparison or cross over trials.

8 . Studies without sufficient information for meta-analysis

9. Comparisons between two active agents without placebo.

10. Study designs which are experimental.

E.2 Tables
The tables used in the sustematic review (Chapter 6 ) are presented in the following 

pages.
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Table E l General characteristics of the selected studies
ID Author Year Language Dura

tion
months

Place of 
study

Country Urbani
sation

Setting of 
the study

Con
sent
obtained

1 Schiff 1987b English 3 Greater St. 
Louis

USA Urban Community NM

2 Rosling and Lindhe 1987 English 6 Helsing-
borg

Sweden Urban Community NM

3 Rustogi et al. 1991 English 12 Bangkok Thai
land

Urban Community NM

4 Triratana et al. 1991 English 12 Bangkok Thai
land

Urban Community NM

5 Triratana, Rustogi 
and Volpe

1991 English 12 Bangkok Thai
land

Urban Community NM

8 Lobene 1987a English 3 New Jersey USA Urban Community NM
9 Petrone et al. 1991 English 3 New Jersey USA Urban Community NM
11 Lobene 1986 English 3 Boston USA Urban Community NM
12 Lobene 1987b English 3 Boston USA Urban Community NM
13 Fairbrotber et al. 1997 English 4 Leeds UK Urban Community Yes
15 Lobene 1989 English 3 Boston USA Urban Community NM
17 Segretto et al. 1998 English 6 USA Urban Community NM
18 Sowinski et al. 1998 English 3 New Jersey USA Urban NM NM



Table E.l General characteristics of the selected studies
ID Author Year Language Dura

tion
months

Place of 
study

Country Urbani
sation

Setting of 
the study

Con
sent
obtained

19 Kohut, Rubin and 
Baron

1989 English 3 USA Urban Community Yes

2 0 Stephan et al. 1990 English 6 Glasgow UK Urban Community Yes
23 Svatun, Saxton, and 

Rolla
1990 English 6 Oslo Norway Urban Community Yes

24 Lobene et al. 1987 English 6 USA Urban Community NM
26 Segretto et al. 1991 English 3 San Anto

nio
USA Urban Community Yes

30 Svatun et al. 1993 English 7 Oslo Norway Urban Community NM
34 Lobene et al. 1991 English 6 New Jersey USA Urban Community NM
35 Schiff 1987a English 6 St Louis USA Urban Hospital NM
36 Kazmierczak et al. 1990 English 6 New York USA Urban Community Yes
38 Cohen et al. 1994 English 3 St Louis USA Urban Community Yes
39 White et al. 1996 English 6 USA Urban Community Yes
41 Singh et al. 1990 English 3 New Jersey USA Urban NM NM
42 Schiff et al. 1990 English 6 St Louis USA Urban Community NM
43 Chikte, Rudolph, 

and Reinach
1992 English 3 Gazankulu South

Africa
Rural Institution Yes

46 Katalin et al. 1995 Hungarian NM ?
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Table E.l General characteristics of the selected studies
ID Author Year Language Dura

tion
months

Place of 
study

Country Urbani
sation

Setting of 
the study

Con
sent
obtained

47 Baraya and Soto 1988 Spanish 6 Colom
bia

Urban NM

48 Hagiwara et al. 1989 Japanese 3 Japan Urban Community NM
49 Triratana et al. 1991 English 3 Chonburi Thai

land
Urban Institution NM

Table E.2 Design characteristics of selected studies

ID Eligibillt
y
criteria

Exclu si 
on
criteria

Proven
calculus
forming

ability^

Sample
2

Sample
size
determi

nation^

Study

design"^

Generati 
on of 
allocatio 
n
schedule

Method
of
allocatio
n
conceal

ment^

Outcome
assessm
ent

blinding^

Masking

subjects^

Masking
personne

Periods
of
examinât
ion
(months)

Dropouts
6

1 Yes No H St-R NM 1 NM Indicated NM Indicated NM 3 No

2 Yes No E,3 St-R NM 1 NM NM NM Adéquat
e

Adéquat
e

3 Yes - UR

3 Yes Yes H St-R NM 2 NM NM Indicated Adéquat
e

Adéquat
e

6, 12 Yes - UR

NM: Not mentioned
1. H Historical, E Experimental, numbers refer to duration of experimental phase in months 2. St-R Stratified random Si-R Simple Random 3. Numbers refer to alpha, 

power 4. Parallel, stratified - Ion age, sex & calculus, 2 on calculus only - 5. Adequate if  the description allows to judge, blinding is mentioned 6 UR Reason for drop
outs unrelated to the trial UM reason not mentioned I

I
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Table E.2 Design characteristics of selected studies

ID Eligibilit
y
criteria

Exclusi
on
criteria

Proven
calculus
forming

ability^

Sample
2

Sample
size
determi

nation^

Study

design^

Generati 
on of 
allocatio 
n
schedule

Method
of
allocatio
n
conceal

ment^

Outcome
assessm
ent

blinding^

Masking

subjects^

Masking
personne

|5

Periods
of
examinât
ion
(months)

Dropouts
6

4 Yes Yes H St-R NM 2 NM NM Indicated Adéquat
e

Adéquat
e

12 Yes - UR

5 Yes Yes H Si-R NM 1 NM Indicated Indicated Adéquat
e

Adéquat
e

6, 12 Yes - UR

8 Yes No H Other NM 2 NM Indicated Indicated Indicated Indicated 3 Yes - UR

9 Yes Yes E.3 Other NM 2 NM Indicated Indicated Indicated Indicated 3 Yes - UR

11 Yes Yes H Other NM 2 NM Adéquat
e

Adéquat
e

Adéquat
e

Adéquat
e

3 No

12 Yes No H Other NM 2 NM Indicated Indicated Indicated Indicated 3 Yes - UR

13 Yes No E,3 Other Yes, 
0.05, 80

1 Random
number
table

Adéquat
e

Adéquat
e

Adéquat
e

Adéquat
e

2 ,4 Yes - UM

15 Yes Yes H NM NM 1 NM Adéquat
e

Adéquat
e

Adéquat
e

Adéquat
e

3 No

17 Yes Yes E.2 NM NM 2 NM Indicated Indicated Indicated Indicated 6 No

NM: Not mentioned
1. H Historical, E Experimental, numbers refer to duration o f experimental phase in months 2. St-R Stratified random Si-R Simple Random 3. Numbers refer to alpha, 

power 4. Parallel, stratified - Ion age, sex & calculus, 2 on calculus only - 5. Adequate if the description allows to judge, blinding is mentioned 6 UR Reason for drop
outs unrelated to the trial UM reason not mentioned ?
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Table E.2 Design characteristics of selected studies

ID Eligibilit
y
criteria

Exclusi
on
criteria

Proven
calculus
forming

ability^

Sample
2

Sample
size
determi

nation^

Study

design^

Generati 
on of 
allocatio 
n
schedule

Method
of
allocatio
n
conceal

ment^

Outcome
assessm
ent

blinding^

Masking

subjects^

Masking
personne

|5

Periods
of
examinât
ion
(months)

Dropouts
6

18 Yes Yes H NM NM 1 NM Indicated Indicated Indicated Indicated 3 No

19 Yes Yes E,2 NM NM 2 NM Indicated Indicated Indicated Indicated 3 No

20 Yes No E .l V NM 1 NM Indicated Indicated Indicated Indicated 3. 6 Yes - UM

23 No No No NM NM 1 NM Indicated Indicated Indicated Indicated 3 .6 No

24 Yes No E,3 NM NM 2 NM Indicated Indicated Indicated Indicated 3 .6 No

26 Yes No H V NM 1 NM Indicated Indicated Indicated Indicated 3 Yes - UM

30 Yes No No NM Yes. -. 
80

2 NM Indicated Indicated Indicated Indicated 1 .4 .7 Yes - UM

34 Yes No E.3 NM NM 2 NM Adéquat
e

Adéquat
e

Adéquat
e

Adéquat
e

3.6 No

35 Yes No H NM NM 2 NM Indicated Indicated Indicated Indicated 3 .6 No

36 Yes No H V NM 1 NM Indicated Indicated Indicated Indicated 1 .3 .6 No

38 Yes No H NM NM 2 NM Indicated Indicated Indicated Indicated 3 No

39 No No H NM NM 1 NM Indicated Indicated Indicated Indicated 6 No

NM: Not mentioned
1. H Historical, E Experimental, numbers refer to duration o f experimental phase in months 2. St-R Stratified random Si-R Simple Random 3. Numbers refer to alpha, 

power 4. Parallel, stratified - Ion age, sex & calculus, 2 on calculus only - 5. Adequate if  the description allows to judge, blinding is mentioned 6 UR Reason for drop
outs unrelated to the trial UM reason not mentioned



Table E.2 Design characteristics of selected studies

ID Eligibilit
y
criteria

Exclusi
on
criteria

Proven
calculus
forming

ability^

Sample
2

Sample
size
determi

nation^

Study

design^

Generati 
on of 
allocatio 
n
schedule

Method
of
allocatio
n
conceal

ment^

Outcome
assessm
ent

blinding^

Masking

subjects^

Masking
personne

|5

Periods
of
examinât
ion
(months)

Dropouts
6

41 No No H NM NM 2 NM Indicated Indicated Indicated Indicated 3 Yes - UM

42 No No E.3 NM NM 2 NM Indicated Indicated Indicated Indicated 3 ,6 Yes - UM

43 Yes Yes E,3 Conven
ience

NM 1 NM Indicated Indicated Indicated Indicated 3 No

46 No NM 2 NM

47 Yes Yes H NM No 2 NM 2 2, 3, 4 ,6

48 Yes E, 1 NM 1 NM Indicated Indicated Indicated Indicated 1 2 .3

49 No No H NM No 2 NM Indicated Indicated Indicated Indicated 2 3

NM: Not mentioned
1. H Historical, E Experimental, numbers refer to duration o f experimental phase in months 2. St-R Stratified random Si-R Simple Random 3. Numbers refer to alpha, 

power 4. Parallel, stratified - Ion age, sex & calculus, 2 on calculus only - 5. Adequate if the description allows to judge, blinding is mentioned 6 UR Reason for drop
outs unrelated to the trial UM reason not mentioned
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Table E.3 Calculus scores in the test and control groups in selected studies of 3 month duration

ID Author Year VMI scores P Notes

Test group Control group

No. Mean SD No. Mean SD

Pyrophosphates 1.3%

47 Baraya and Soto 1988 30 1.130 0.630 30 1.830 1.020 0.002

41 Singh et al. 1990 49 6.660 4.294 47 7.500 3.930 0.320

42 Schiff et al. 1990 37 22.590 13.150 38 20.610 10.570 0.006

19 Kohut et al. 1997 75 6.140 2.840 75 7.150 2.840 0.031 c

Pyrophosphates 3.3%

11 Lobene 1986 60 3.460 4.400 60 6.200 6.630 0.009

2 Rosling and Lindhe 1987 49 10.770 8.100 48 11.650 8.770 0.067

15 Lobene 1989 56 0.229 0.219 57 0.369 0.367 0.016 b

36 Kazmierczak et al. 1990 63 4.870 4.524 61 4.420 4.842 0.594 d

43 Chikte et al. 1992 45 0.199 1.711 43 0.248 1.738 0.894 b,d

17 Segretto et al. 1998 129 6.400 4.089 131 9.000 4.120 0.000 c.d

35 Schiff 1987a 60 14.240 11.590 62 21.600 14.080 0.002

1 Schiff 1987b 40 18.300 10.200 39 26.000 12.400 0.003

12 Lobene 1987b 54 3.981 4.294 53 7.603 7.471 0.003

Pyrophosphates 5.0%

48 Hagiwara et al. 1989 40 4.550 2.120 45 4.530 2.600 0.239
a - Where studies reported only standard error SD was calculated.b - Reporting mean VMI for a site c - Reporting mean adjusted for baseline VMI
d- Standard error reported I



Table E.3 Calculus scores in the test and control groups in selected studies of 3 month duration

ID Author Year VMI scores P Notes

Test group Control grou D

No. Mean SD No. Mean SD

9 Petrone et al. 1991 36 7.610 7.210 39 13.560 8.230 0.000

30 S vatu n et al. 1993 45 0.19 0.20125 48 0.27 0.27713 0.116 b.d

13 Fairbrother et al. 1997 134 8.200 4.630 135 10.600 4.648 0.115 c.d

Pyrophosphates 1.3% & copolymer 1.5%

2 Rosling and Lindhe 1987 44 8.730 6.490 48 11.650 8.770 0.618

9 Petrone et al. 1991 39 6.600 5.090 39 13.560 8.230 0.001

49 Triratana et al. 1991 50 3.890 2.970 50 5.990 3.460 0.542

8 Lobene 1987a 60 0.281 0.253 70 0.571 0.323 0.000 b

1 Schiff 1987b 40 13.200 11.400 39 26.000 12.400 0.000

Zinc citrate 0.5%

20 Stephan et al. 1990 50 0.140 0.212 42 0.250 0.324 0.053 b,d

23 Svatun, Saxton, 
and Rolla

1990 38 0.250 0.247 40 0.540 0.443 0.001 b,d

26 Segretto et al. 1991 486 6.500 5.732 478 7.380 5.684 0.017 d

49 Triratana et al. 1991 50 5.530 4.040 50 5.990 3.460 0.002

13 Fairbrother et al. 1997 129 8.600 4.543 135 10.600 4.648 0.000

8 Lobene 1987a 70 0.510 0.312 70 0.571 0.323 0.258 b

Zinc citrate 0.75%

a - Where studies reported only standard error SD was calculated.b - Reporting mean VMI for a site c - Reporting mean adjusted for baseline VMI
d- Standard error reported



Table E.3 Calculus scores in the test and control groups in selected studies of 3 month duration

ID Author Year VMI scores P Notes

Test group Control grou D

No. Mean SD No. Mean SD

30 Svatun et al. 1993 46 0.09 0.13565 48 0.27 0.277 0.000 b,d

46 Katalin et al. 1995 35 18.770 4.890 36 30.880 7.670 0.000

Zinc citrate 2.0%

36 Kazmierczak et al. 1990 63 3.330 3.572 61 4.420 4.842 0.155 d

18 Sowinski et al. 1998 38 5.950 4.310 37 8.740 5.360 0.015

Copolymer 2.0%

34 Lobene et al. 1991 42 8.200 6.320 37 11.130 4.890 0.025

30 Svatun et al. 1993 46 0.27 0.27129 48 0.27 0.27713 - b,d

46 Katalin et al. 1995 37 14.000 10.370 36 30.880 7.670 0.000

13 Fairbrother et al. 1997 138 9.700 4.699 135 10.600 4.648 0.113

Polyphosphates

48 Hagiwara et al. 1989 41 3.940 1.900 45 4.530 2.600 0.969

Zinc chloride

24 Lobene et al. 1987 30 3.930 3.396 27 7.850 5.560 0.002

a - Where studies reported only standard error SD was calculated.b - Reporting mean VMI for a site c - Reporting mean adjusted for baseline VMI 
d- Standard error reported

?
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Table £.4 Effect sizes and prevented fraction in selected studies of 3 month duration

ID Author Year Standardised mean difference Proportionate reduction 
(prevented fraction)

Study
sizeCohen's d

Mean LCL UGL Strength of 
effect*

Mean LCL UCL

Pyrophosphates 1.3%

47 Baraya and Soto 1988 -0.826 -1.354 -0.297 H, L -H 0.383 0.134 0.631 60

41 Singh et al. 1990 -0.204 -0.605 0.197 NS 0.112 -0.111 0.335 96

42 Schiff et al. 1990 0.166 -0.287 0.620 NS -0.096 -0.362 0.170 75

19 Shout et al. 1997 -0.356 -0.678 -0.033 L, L -M 0.141 0.012 0.270 150

Pyrophosphates 3.3%

11 Lobene 1986 -0.487 -0.850 -0.124 M. L -H 0.442 0.110 0.774 120

2 Rosling and Lindhe 1987 -0.104 -0.503 0.294 NS 0.076 -0.216 0.367 97

15 Lobene 1989 -0.462 -0.836 -0.088 M, L -H 0.379 0.070 0.689 113

36 Kazmierczak et al. 1990 0.096 -0.256 0.448 NS -0.102 -0.478 0.275 124

43 Chikte et al. 1992 -0.028 -0.446 0.390 NS 0.198 -2.742 3.137 88

17 Segretto et al. 1998 -0.633 -0.883 -0.384 M, L -H 0.289 0.175 0.403 260

35 Schiff 1987a -0.570 -0.932 -0.208 M, L -H 0.341 0.122 0.559 122

1 Schiff 1987b -0.679 -1.133 -0.225 M, L -H 0.296 0.096 0.497 79

12 Lobene 1987b -0.596 -0.983 -0.208 M. L -H 0.476 0.164 0.789 107

Pyrophosphates 5.0%
NS Not significant, H High, M Medium, L Low I
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Table E.4 Effect sizes and prevented fraction in selected studies of 3 month duration

ID Author Year Standardised mean difference Proportionate reduction 
(prevented fraction)

Study
sizeCohen's d

Mean LCL UCL Strength of 
effect*

Mean LCL UCL

48 Hagiwara et al. 1989 0.008 -0.418 0.434 NS -0.004 -0.231 0.223 85

9 Petrone et al. 1991 -0.767 -1.237 -0.297 M, L -H 0.439 0.166 0.711 75

30 Svatun et al. 1993 -0.329 -0.738 0.081 NS 0.296 -0.079 0.672 93

13 Fairbrother et al. 1997 -0.517 -0.760 -0.274 M, L -M 0.226 0.120 0.333 269

Pyrophosphates 1.3% & copolymer 1.5%

40 Singh et al. 1990 -0.556 -0.962 -0.150 M, L -H 0.295 0.078 0.513 97

42 Schiff et al. 1990 -0.650 -1.112 -0.188 M, L -H 0.336 0.094 0.578 76

9 Petrone et al. 1991 -0.855 -1.320 -0.391 H, M -H 0.466 0.210 0.722 78

38 Cohen et al. 1994 -1.630 -2.055 -1.204 H 0.543 0.400 0.686 115

46 Katalin et al. 1995 -2.023 -2.600 -1.445 H 0.546 0.388 0.703 71

Pyrophosphates 3.3% & copolymer 1.0%

2 Rosling and Lindhe 1987 -0.376 -0.789 0.037 NS 0.251 -0.027 0.529 92

9 Petrone et al. 1991 -1.017 -1.490 -0.544 H, M -H 0.513 0.272 0.755 78

49 Triratana et al. 1991 -0.651 -1.054 -0.249 M, L -H 0.351 0.132 0.569 100

8 Lobene 1987a -0.990 -1.356 -0.625 H, M -H 0.508 0.319 0.697 130

1 Schiff 1987b -1.075 -1.549 -0.602 H, M -H 0.492 0.273 0.711 79

Zinc citrate 0.5%

20 Stephan et al. 1990 -0.409 -0.824 0.006 NS 0.440 -0.011 0.891 92
NS Not significant, H High, M Medium, L Low



Table E.4 Effect sizes and prevented fraction in selected studies of 3 month duration

ID Author Year Standardised mean difference Proportionate reduction 
(prevented fraction)

Study
sizeCohen's d

Mean LCL UCL Strength of 
effect*

Mean LCL UCL

23 Svatun, Saxton, 
and Rolla

1990 -0.804 -1.266 -0.341 H, L -H 0.537 0.224 0.850 78

26 Segretto et al. 1991 -0.154 -0.281 -0.028 L 0.119 0.021 0.217 964

49 Triratana et al. 1991 -0.122 -0.515 0.270 NS 0.077 -0.172 0.326 100

13 Fairbrother et al. 1997 -0.435 -0.679 -0.191 M, L -M 0.189 0.082 0.295 264

8 Lobene 1987a -0.192 -0.524 0.140 NS 0.107 -0.079 0.293 140

Zinc citrate 0.75%

30 Svatun et al. 1993 0.000 -0.404 0.404 H 0.000 -0.415 0.415 94

46 Katalin et al. 1995 -1.877 -2.440 -1.314 H 0.392 0.273 0.511 71

Zinc citrate 2.0%

36 Kazmierczak et al. 1990 -0.257 -0.610 0.097 NS 0.247 -0.096 0.589 124

18 Sowinski et al. 1998 -0.575 -1.037 -0.112 M, L -H 0.319 0.059 0.580 75

Copolymer 2.0%

34 Lobene et al. 1991 -0.514 -0.964 -0.065 M, L -H 0.263 0.030 0.496 79

30 Svatun et al. 1993 -0.820 -1.241 -0.398 H, L -H 0.667 0.307 1.027 94

46 Katalin et al. 1995 -1.847 -2.400 -1.294 H 0.547 0.381 0.712 73

13 Fairbrother et al. 1997 -0.193 -0.430 0.045 NS 0.085 -0.020 0.190 273

Polyphosphates

NS Not significant, H High, M Medium, L Low



Table E.4 Effect sizes and prevented fraction in selected studies of 3 month duration

ID Author Year Standardised mean difference Proportionate reduction Study

Cohen's d (prevented fraction) size

Mean LCL UCL Strength of 
effect*

Mean LCL UCL

48 Hagiwara et al. 1989 -0.257 -0.682 0.168 NS 0.130 -0.087 0.348 86

Zinc chloride

24 Lobene et al. 1987 -0.862 -1.407 -0.317 H, L -H 0.499 0.178 0.820 57
NS Not significant, H High, M Medium, L Low



Table £.5 Calculus scores in test and control groups in selected studies at 6 months

ID Author Year VMI scores Notes

Test group Control grou )

No. Mean SD No. Mean SD P
Pyrophosphates 1.3%

47 Baraya and Soto 1988 30 1.47 0.78 30 35.4 6.5 0 . 0 0 0

42 Schiff et al. 1990 37 26.56 13.18 38 27.23 13.26 0.827

Pyrophosphates 3.3%

2 Rosling and Lindhe 1987 49 14.45 11.19 48 15.88 11.52 0.537

17 Segretto et al. 1998 128 6.5 4.186 129 9.6 4.089 0 . 0 0 0 c.d

35 Schiff 1987a 60 15.52 11.77 62 28.72 11.5 0 . 0 0 0

36 Kazmierczak et al. 1990 63 7.91 6.27 61 10.06 6.248 0.058 d

Pyrophosphates 5.0%

30 Svatun et al. 1993 45 0.2 0.201 48 0.35 0.416 0.031 b,d

39 White et al. 1996 112 5.81 6.14 112 8.74 5.78 0.007

39 White et al. 1996 122 6.32 7.65 112 8.74 5.78 0 . 0 0 0

Pyrophosphates 1.3% & copolymer 1.5%

42 Schiff et al. 1990 37 17.4 11.8 38 27.23 13.26 0 . 0 0 0

3 Rustogi et al. 1991 62 8.81 1.1 62 13.75 1.36 0 . 0 0 1

a - Where studies reported only standard error SD was calculated.b - Reporting mean VMI for a site c - Reporting mean adjusted for baseline VMI
d- Standard error reported



Table £.5 Calculus scores in test and control groups in selected studies at 6 months

ID Author Year VMI scores Notes

Test group Control grou )

No. Mean SD No. Mean SD P
5 Triratana, Rustogi and Voipe 1991 58 16.84 1.05 58 22.2 1.31 0.000

Pyrophosphates 3.3% & copolymer 1.0%

2 Rosling and Lindhe 1987 44 9.18 7.02 48 15.88 11.52 0.001

Zinc citrate 0.5%

20 Stephan et al. 1990 50 0.018 0.283 42 0.36 0.454 0.000 b,d

23 Svatun, Saxton, and Rolla 1990 38 0.27 0.247 40 0.56 0.443 0.001 b,d

36 Kazmierczak et al. 1990 63 6.81 5.477 61 10.06 6.248 0.003 d

Zinc citrate 0.75%

30 Svatun et al. 1993 46 0 . 1 0.136 48 0.35 0.416 0.000 b,d

Copolymer 2.0%

34 Lobene et al. 1991 37 8.73 4.3 33 13.7 4.57 0.000

30 Svatunet al. 1993 46 0.31 0.407 48 0.35 0.416 0.639 b,d

Zinc chloride 2.0%

24 Lobene et al. 1987 27 6.75 1.23 30 11.15 1.75 0.000

a - Where studies reported only standard error SD was calculated.b - Reporting mean VMI for a site c - Reporting mean adjusted for baseline VMI 
d- Standard error reported



Table E.6 Effect sizes and prevented fractions(proportionate reduction) in selected studies at 6 months

ID Author Year Standardised mean difference (Cohen’s d) Proportionate reduction

Mean LCL UCL Strength
of
effect**

Mean LCL UCL

Pyrophosphates 1.3%

47 Baraya and Soto 1988 -7.330 -7.586 -7.073 H 0.958 0.925 0.992

42 Schiff et al. 1990 -0.051 -0.104 0.002 NS 0.025 -0.001 0.050

Pyrophosphates 3.3%

2 Rosling and Lindhe 1987 -0.126 -0.167 -0.085 L 0.090 0.061 0.119

17 Segretto et al. 1998 -0.749 -0.766 -0.733 M 0.323 0.316 0.330

35 Schiff 1987a -1.135 -1.172 -1.097 H 0.460 0.444 0.475

36 Kazmierczak et al. 1990 -0.343 -0.376 -0.311 L 0.214 0.194 0.234

Pyrophosphates 5.0%

30 Svatun et al. 1993 -0.455 -0.498 -0.411 M 0.429 0.387 0.470

39 White et al. 1996 -0.355 -0.372 -0.338 L 0.277 0.264 0.290

39 White et al. 1996 -0.491 -0.509 -0.473 L, L -M 0.335 0.323 0.348

Pyrophosphates 1.3% & copolymer 1.5%

5 Schiff et al. 1990 -4.515 -4.600 -4.430 H 0.241 0.237 0.246

42 Rustogi et al. 1991 -0.783 -0.840 -0.726 M 0.361 0.335 0.387

3 Triratana, Rustogi and Volpe 1991 -3.994 -4.066 -3.922 L 0.359 0.353 0.366



Table E.6 Effect sizes and prevented fractions(proportionate reduction) in selected studies at 6 months

ID Author Year Standardised mean difference (Cohen’s d) Proportionate reduction

Mean LCL UCL Strength
of
effect**

Mean LCL UCL

Pyrophosphates 3.3% & copolymer 1.0%

2 Rosling and Lindhe 1987 -0.695 -0.741 -0.650 M 0.422 0.394 0.450

Zinc citrate 0.5%

20 Stephan et al. 1990 -0.923 -0.971 -0.875 H 0.950 0.901 0.999

23 Svatun, Saxton, and Rolla 1990 -0.804 -0.859 -0.749 H, M -H 0.518 0.482 0.553

36 Kazmierczak et al. 1990 -0.554 -0.587 -0.521 M 0.323 0.304 0.342

Zinc citrate 0.75%

30 Svatun et al. 1993 -0.802 -0.847 -0.756 H, M - H 0.714 0.674 0.755

Copolymer 2.0%

34 Lobene et al. 1991 -1.122 -1.188 -1.057 H 0.363 0.342 0.384

30 Svatun et al. 1993 -0.097 -0.139 -0.055 L 0.114 0.065 0.164

Zinc chloride 2.0%

24 Lobene et al. 1987 -2.883 -3.007 -2.758 H 0.395 0.378 0.412

m



Table E.7 Calculus scores in studies with 12 months duration

ID Author Year VMI scores

Test grou p Control group

No. Mean SD No. Mean SD

Pyrophosphates 1.3% & copolymer 1.5%

3 Rustogi et al. 1991 62 9.35 1.12 62 15.52 1.28

5 Triratana, 
Rustogi and 
Volpe

1991 58 1.11 1.11 58 32.5 1.22

Pyrophosphates 3.3% & copolymer 1.0%

4 Triratana et al. 1991 54 1.09 1.09 53 16.02 1.78

m



Table E.8 Studies excluded from the systematic review

Study Active
Agents

Duration Result Summary and reason for exclusion Remarks

Kranz et al. (1991) Citroxan 3 months 34% reduction 
against positive 
control, 51% 
against placebo

A double-blind parallel trial involving 128 subjects, half mouth 
scaling. Only point estimates reported. Excluded due to study 
design, lack of information.

van der Burgt and 
Klassen (1988)

Pyrophos
phate

8 weeks Pyrophosphate - 
53% reduction in 
VMI (Phase 1) (sig
nificant)

The study design was a cross over study involving 36 subjects 
divided equally between AB and BA groups. It was excluded 
because the results were presented without any information on 
treatment-period interaction and duration of study was only 8 
weeks.

Kurbad et al. (1991) Pyrophos
phate

12 weeks Pyrophosphate - 
25.5% reduction in 
VMI (significant)

The study design was a cross over study involving 60 subjects 
divided equally between AB and BA groups. It was excluded 
because the results were presented jointly for both periods with
out any information on treatment-period interaction.

The paper had 
information on 
individual tooth basis.

Lu KH et al. (1988) Pyrophos
phate (2 denti
frices, 3.3% 
vs. 5%)

4 months 5% paste -14.5%  
reduction com
pared to 3.3%  
paste

A double-blind parallel trial involving 206 subjects, limited to a 
head to head comparison of two active agents.

Comparison of effect 
on different levels of 
calculus formation at 
baseline given.

Sowinski J et al. 
(1999)

Pyrophos
phate (2 denti
frices, one of 
them contains 
copolymer)

12 weeks Copolymer paste - 
34.6% reduction 
compared to other 
(significant)

A double-blind parallel trial involving 48 subjects, limited to a 
head to head comparison of two active agents.

Sowinski J et al. 
(1998)

Pyrophos
phate (2 denti
frices, one of 
them
improved ver
sion of other)

12 weeks Improved version - 
44.1% reduction 
compared to other 
(significant)

A double-blind parallel trial involving 73 subjects, limited to a 
head to head comparison of two active agents.

Information supplied is 
insufficient to describe 
the improvement made 
and attribute it properly to 
the results.

m



Table E.8 Studies excluded from the systematic review

Study Active
Agents

Duration Result Summary and reason for exclusion Remarks

Bollmer BW et al. 
(1995)

Pyrophos
phate 3.3%

6 months Pyrophosphate- 
21.8% (3 months, 
nonsignificant) 
21.7% (6 months, 
significant) reduc
tion in whole mouth 
VMI

A double-blind parallel trial involving 163 subjects. The subjects 
used chlorhexidine, known to promote calculus formation. 
Reported results were for adjusted mean whole mouth VMI with
out mentioning SD or SE. Excluded because of presence of a 
calculus promoting agent, a condition different from other stud
ies.

Only study giving change 
in the number of teeth 
with calculus - 26% after 
3 months and 20% after 
6 months.

Taller SH (1990) Pyrophos
phate 3.3% (2 
dentifrices)

4 months Non-significant dif
ferences

The study had in sufficient number of subjects in each group (9 to 
10), the VMI index score was nonstandard (included facial sur
faces also).

Rustogi KN et al. 
(1988)

Pyrophos
phate, Zinc 
chloride

3 months Pyrophosphate - 
27.3% reduction in 
VMI (compared to 
zinc chloride, signif
icant))

107 subjects participated in a two phase study. In the first phase 
they used a placebo dentifrice for 3 months and then was divided 
into two groups. In the second phase the subjects used the test 
dentifrices. Authors use the results of the first phase to compare 
test dentifrices to placebo, which is not an acceptable practice. 
The results of second phase is limited to a head to head compar
ison of two active agents.

Santos et al. (1999) Pyrophos
phates (3.3% 
& 5%), Casein 
phosphopep- 
tide

2 weeks 3.3% paste - 13% 
reduction, 5% 
paste-16% reduc
tion, GPP - 8%

3 double blind randomized controlled trials using a toothshield to 
protect lower anterior teeth from brushing and delivering the den
tifrice. Excluded due to the use of the experimental model.

VMI on labial side on 
labial side. also. Greater 
reduction seen

Sanz et al. 1994 Zinc lactate 6 months No difference from 
control group

A double blind, stratified parallel study involving 208 people. The 
test dentifrice contained chlorhexidine. Calculus data presented 
graphically only. Excluded for the presence of calculus promoting 
agent, imprecise information.

I



Table E.8 Studies excluded from the systematic review

Study Active
Agents

Duration Result Summary and reason for exclusion Remarks

Disney et al. 1989 Zinc citrate 
0.5%, 1%, 2% 
& 4%

1 week 
accumula
tion

No difference from 
control group for 
0.5% group, mod
est differences in 
1 % & 2% group 
and large differ
ence in 4% group 
(equivalent to posi
tive control (pyro
phosphate 
toothpaste).

A double blind clinical trial involving 12 to 16 subjects in 6 
groups. Calculus assessment using mylar strips ligated to lingual 
of two lower central incisors. Excluded due to the study design 
and calculus outcome measure.

Taner et al. 1990 Pyrophos
phate

3 months No significant dif
ferences

A study involving 35 subjects. Calculus outcome was Marginal 
line calculus Index. Excluded due to index used and small num
ber of subjects in each group.

Turkish

Gaengler et al. 1993 Pyrophos
phate

3 months 25.5% reduction A double blind cross-over study involving 60 subjects. The paper 
was comparing a SEM method with VMI and MLCI. No data on 
VMI presented. Author not contacted because of exclusion. 
Excluded due to study design, lack of information

Triratana et al. 1989 Pyrophos
phate 3.3% & 
copolymer 1 %

6 months 37.07% reduction A double blind crossover trial involving 50 subjects.Not enough 
information to calculate effect size. Author not contacted due to 
exclusion. Excluded due to study design.

I



Appendix F

Scaling time estimation: Tables

This appendix presents tables supplementing results in Chapter 8 .
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Appendix F

Table F.l Estimated scaling times for different sectors of USA population
Estimated scaling time (adjusted for dental visit)
Minutes per person Hours per 1000 people
Mean LCL UCL Mean LCL UCL

All 15.03 14.55 15.51 250.48 242.49 258.46
Age
15 to 19 years 12.03 10.55 13.51 200.49 175.85 225.14
20-29 years 20.82 19.61 22.03 347.03 326.91 367.15
30 to 39 years 16.78 15.64 17.91 279.59 260.60 298.58
40 to 49 years 15.03 13.90 16.15 250.42 231.64 269.19
50 to 59 years 12.07 10.98 13.17 201.22 183.02 219.43
60 to 69 years 10.11 9.07 11.15 168.51 151.23 185.80
70 to 79 years 7.16 6.43 7.89 119.32 107.20 131.44
80 to 89 years 6.17 5.36 6.99 102.91 89.29 116.54
90 + years 3.73 2.24 5.23 62.17 37.25 87.10
Sex
Female 12.42 11.88 12.97 207.04 197.96 216.11
Male 17.90 17.11 18.70 298.38 285.15 311.61
Education (Years)
<8 20.22 18.60 21.84 336.98 310.04 363.92
8 18.74 15.84 21.65 312.42 263.93 360.90
9-1 1 17.92 16.58 19.25 298.59 276.37 320.81
12 15.53 14.71 16.35 258.89 245.21 272.57
13-15 14.35 13.23 15.46 239.10 220.49 257.71
16 9.74 8.67 10.82 162.42 144.54 180.29
17 10.50 9.18 11.81 174.93 152.96 196.90
Income
Low 21.66 20.50 22.83 361.04 341.60 380.47
Middle 15.83 14.98 16.68 263.82 249.69 277.95
High 11.66 11.01 12.30 194.26 183.58 204.94
Region
Non-Metro. 16.35 15.63 17.06 272.44 260.47 284.41
Metropolitan 13.65 13.03 14.27 227.53 217.19 237.87
Ehnicity
*NH - White 12.68 12.10 13.25 211.27 201.75 220.80
NH- Black 22.09 21.27 22.91 368.19 354.58 381.81
Hispanic 27.73 26.84 28.62 462.17 447.30 477.03
Others 17.95 15.85 20.05 299.13 264.13 334.13

LCL Lower Confidence Limit UCL Upper Confidence Limit
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Appendix F

Table F.2 Estimated scaling time for sectors of British population
Estimated scaling time (adjusted for dental yisit)
Minutes per person Hours per 1000 people
Mean LCL UCL Mean LCL UCL

All 15.04 14.35 15.74 250.71 239.13 262.28
Age
15 to 19 years 6.38 5.06 7.69 106.29 84.41 128.18
20-29 years 15.99 14.50 17.48 266.48 241.61 291.34
30 to 39 years 16.16 14.54 17.79 269.40 242.31 296.50
40 to 49 years 15.51 14.01 17.00 258.44 233.53 283.36
50 to 59 years 18.07 15.95 20.20 301.24 265.89 336.59
60 to 69 years 15.66 13.41 17.91 260.98 223.53 298.44
70 or more 14.38 11.46 17.29 239.59 191.03 288.15
Gender
Female 12.69 11.83 13.54 211.43 197.18 225.69
Male 17.18 16.12 18.25 286.41 268.69 304.14
Social class
I 9.20 7.94 10.46 153.36 132.30 174.41
II 12.19 11.12 13.25 203.11 185.33 220.89
IIINM 14.43 12.70 16.15 240.46 211.68 269.25
HIM 17.30 15.92 18.68 288.35 265.33 311.38
IV 19.15 16.67 21.63 319.09 277.76 360.43
V 23.09 18.22 27.97 384.84 303.59 466.10
Education
<14 years 17.39 15.30 19.49 289.90 255.05 324.76
15 years 18.30 16.71 19.89 304.96 278.43 331.49
16 years 15.46 14.12 16.79 257.64 235.37 279.91
17 years 11.51 9.62 13.40 191.82 160.33 223.32
1 8 years 12.98 10.63 15.32 216.25 177.18 255.33
More than 1 8 11.53 10.12 12.94 192.14 168.62 215.66
Regions
Wales 14.33 12.72 15.94 238.80 212.01 265.59
Scotland 16.48 15.19 17.76 274.60 253.18 296.03
Ireland 16.87 14.77 18.96 281.15 246.24 316.06
England 14.89 14.08 15.70 248.17 234.71 261.62
Regions of England
Northern 23.92 19.43 28.41 398.69 323.89 473.50
North West 19.71 17.00 22.41 328.46 283.35 373.57
Yorks & Hum- 18.20 15.78 20.63 303.37 262.92 343.82
South West 8.48 6.88 10.08 141.35 114.64 168.07
W Midlands 16.67 14.30 19.03 277.78 238.37 317.19
E Midlands 18.65 15.10 22.20 310.82 251.59 370.06
East Anglia 7.03 4.56 9.50 117.23 76.05 158.42
London & S E 12.74 11.56 13.91 212.26 192.66 231.85

LCL Lower Confidence Limit UCL Upper Confidence Limit
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Appendix F

Table F.3 Population scaling times* according to smoking status in NHANES 
III

Smoking status Whole group With > 13 teeth

Absolute 
(Hours /1000)

Relative Absolute 
(Hours /1000)

Relative

Non smoker 431.25 1.00 482.35 1.00

Past smoker 403.13 0.93 497.99 1.03

Current smoker 553.43 1.28 654.13 1.36
Unadjusted for recent visit to dentist

Table F.4 Population scaling times for the bootstrap samples according to 
smoking status

Hours/1000 people

Mean 2.5 percentile 97.5 percentile

Total sample® 448.4 410.54 487.29

Total sample‘s 253.62 223.56 287.01

Non-smokers 222.33 184.62 267.31

Past-smokers 214.88 159.19 282.24

Current smokers 323.57 256.36 398.48

 ̂Using scaling time unadjusted for recent visit to dentist 
 ̂Using scaling times adjusted for recent visit to dentist

Table F.5 Scaling times for subjects of Adult Dental Health Survey UK 1988 
according to toothbrushing frequency

Toothbrush
ing fre
quency

Recent visit to dentist

Not adjusted Adjusted

Mean
minutes

LCL UCL Mean
minutes

LCL UCL

Occasional 33.81 30.00 37.63 24.81 21.17 28.45

1/day 29.03 27.28 30.78 18.44 16.89 20.00

2/day 23.64 22.57 24.70 13.19 12.31 14.07

>2/day 22.92 21.11 24.74 11.61 10.36 12.86
LCL Lower Confidence Limited Upper Confidence Limited
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Appendix F

Table F.6 Population scaling time according to the frequency of 
toothbrushing in Adult Dental Health Survey UK 1988

Population scaling time* Hours /1000

Mean 2.5 percentile 97.5 percentile

Occasional 412.52 288.80 543.91

1/day 306.64 258.16 361.49

2/day 219.50 190.28 252.63

>2/day 193.14 153.76 240.69
* Adjusted for visit to dentist
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