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Prevalence and risk of tooth wear in teenagers on the Isle of Man

Abstract

Aims: To determine the prevalence and severity of Tooth Wear/Erosion and Dental Caries (DMFT) in 13-14 year-old children on the Isle of Man and to investigate the strength of association with dietary risk factors. Methods: Tooth wear was assessed on all anterior surfaces of incisors/canines and the occlusal surfaces of first molars. The validated dietary questionnaire measured frequency of consumption of common food and drinks. Results: A total of 629 children were examined, mean age=13.6 years. 320 (51%) of children had at least one surface with exposed dentine. 124 (20%) of children had dentine exposed labially, palatally or occlusally. More males had dentine exposed on any surface N=169 (56%) and on smooth/occlusal surfaces N=72(58%) compared to females, p=0.01.The commonest surface with exposed dentine was the incisal edge (25%); palatal dentine was present in only 3% of children, whereas occlusal dentine was present in 18%. Drinking any fizzy drink more than once a day was significantly associated with tooth wear OR=1.6, 95% CI 1.0-2.4. The odds of Tooth Wear in a male were 1.7 times the odds in a female. Respondents who reported toothbrushing twice a day had increased the odds of Tooth Wear by 2.1. Mean DMFT scores were statistically higher for children with any tooth wear (1.70) compared to those without (1.38). Conclusion: This study corroborates previous reports that males have more tooth wear than females. Children on the Isle of Man have similar levels of caries and tooth wear to their counterparts on the Great Britain mainland.
Introduction

Several cross-sectional and a few longitudinal studies have described the intra-oral distribution, prevalence and severity of erosion and tooth wear. [Milosevic et al, 1994; Bartlett et al 1998; Williams et al, 1999; Al-Dlaigan et al, 2001; Dugmore CR and Rock WP, 2004a,b; Bardsley et al,2004; Milosevic et al, 2004]. Although tooth wear and erosion are not synonymous, previously published epidemiological studies on dental erosion using so-called erosion indices have lacked validity. Difficulty arises when attempting to distinguish acid eroded teeth from worn teeth as a result of attrition (direct contact tooth-to-tooth contact wear also termed two body wear) and abrasion, a three body wear process. This was highlighted in the last National Survey of Child Dental Health (2003) when the term Tooth Surface Loss (TSL) replaced erosion, as used in the previous survey (1993) because TSL more accurately reflected the multi-factorial aetiology of the condition. [Chadwick et al;, 2006] The trend from all the epidemiological studies points to increasing prevalence of any wear. Diagnosing enamel surface loss alone, however, is less certain but once dentine is exposed, there is better examiner agreement. Dichotomising on depth by whether or not dentine is visible is a more accurate measure and indicates greater likelihood of treatment need. 

This study aimed to determine the prevalence and severity of tooth wear in 14- year-old children on the Isle of Man (IoM). Further objectives included an assessment of association between tooth wear and age, gender, dietary variables and caries experience.  The study received ethical approval from the IoM ethics committee and was conducted with the full co-operation of the local Community Dental Service, Department of Public Health and Department of Education. 

Materials and Methods 

This investigation was part of the ELSPAC health study, and this oral health component of the study was undertaken by the University of Liverpool, with the help and cooperation of the IoM Community Dental Service. The European Longitudinal Study of Parents and Children (ELSPAC), set up in 1987 has monitored the health of children from their birth. At the time of the assessments reported in this study, 2006, the children were aged 13-14 years. The Isle of Man was one of the original ELSPAC sites. 

Study information detailing the aim, procedures and expected use of the data was provided to parents and children. This information was sent to pupils’ parents/guardians to obtain positive consent to participate in this study. All secondary school pupils in years 8 and 9 (aged 13-14 years) were invited to take part from 6 Isle of Man secondary schools on 5 sites. The number of children who consented and were available during the week of the study was 629 and of these 530 were from the original ELSPAC cohort.

Training and calibration exercises for all examiners took place over a three month period prior to the main survey and involved training on photographs and study models. To complete the training programme, 16 children were clinically examined in school on the Isle of Man. 
The epidemiological survey was conducted over 5 days and assessed oral cleanliness, caries and tooth wear. Examinations were carried out in available schoolrooms by one of four calibrated teams under standardised conditions with children lying in the supine position.  Each child wore protective spectacles. Teeth were dried using cotton wool rolls/sticks and examined with a disposable mouth mirror with illumination from a portable Daray light source. All cross-infection control measures and clinical equipment complied with the British Association for the Study of Community Dentistry (BASCD) guidelines for dental epidemiological studies of child dental health in the UK. [Pitts et al, 1997]
An assessment of caries was made following diagnostic criteria for caries prevalence according to BASCD guidelines. [Pitts et al, 1997] Tooth wear was measured using The Liverpool Tooth Wear Index as described by Bardsley et al [2004] This partial recording index assesses the labial, incisal, palatal/lingual surface of the 12 anterior teeth and the occlusal surface of the first molars. The diagnostic criterion for a score of 0 is the absence of exposed dentine and thus it dichotomises on the absence or presence of exposed dentine with no discrimination for wear within enamel. (Table 1) If examiners were unsure, they were instructed to score low and therefore underestimate tooth wear.
As well as the dental examination, a support team measured height and weight using the Leicester scale.  Attitudes to health, dental attendance, tooth brushing and food including dietary diaries were ascertained through a previously validated questionnaire and interviews. All oral data and questionnaire responses were transferred from the proforma into SPSS for statistical analysis.
Statistical methods

Chi-squared tests were used to assess the univariate relationships between variables. Forward stepwise logistic regression analysis was used to identify which variables were best associated with smooth/occlusal surface tooth wear. 
Results
Initial inter-examiner reliability for the four examiners gave kappa values in the range of 0.56 to 0.65. This improved after the school calibration exercise to kappa values in the range 0.68 to 0.73, showing excellent agreement. 

The total number of children examined and who completed a questionnaire was 629. Of this number 303 (48.2%) were boys and 326 (51.8%) were girls with an overall mean age of 13.6 years. The number of children with and without exposed dentine is shown in Table 2. Non–incisal surfaces were classed as palatal, labial or occlusal. By excluding incisal edge and canine tip wear, an indication is given of smooth surface/occlusal wear, deemed to be more reflective of eroded sites, rather than surfaces susceptible to attrition. 320 (51%) of children had at least one surface with exposed dentine and of these 124 (20%) had at least one non–incisal edge with exposed dentine. 

A significantly greater proportion of males had tooth wear (chi-square=4.54, p<0.05) and additionally a significantly greater proportion of males had dentine exposed on smooth/occlusal surfaces (chi-square=6.56, p=0.01), see Table 3.
The distribution of tooth wear and exposed dentine is shown in Figure 1. It is symmetrical with a higher prevalence of tooth wear in the mandible compared to the maxilla. Only 8 children had exposed dentine both occlusally and palatally. When dietary data was retrieved for these individuals, 7 of the 8 consumed fizzy drinks at least once a day.
Table 4 shows the strength of association, expressed as odds ratios with 95% confidence intervals, between various dietary items and tooth wear on smooth/occlusal surfaces. These were generally low. However, when consumed more than once a day the categories ‘any fizzy drinks’ and ‘diet fizzy drinks’ had relatively high odds ratios. Significantly more children had exposed dentine on smooth/occlusal surfaces when drinking any fizzy drink “once a day or more” (Pearson chi-square 4.506, p<0.05) compared to the lower frequency of intake (Table 5). 
Tooth Wear also showed a significant relationship with reported brushing frequency, with a higher proportion of those who reported twice daily brushing having tooth wear on smooth/occlusal surfaces (odds ratio 2.1).
A stepwise logistic regression analysis was performed on smooth/occlusal surface wear, with age, toothbrushing, gender, and fizzy drink consumption as possible explanatory variables. All variables with the exception of fizzy drink consumption entered the model (Table 6). An increase of 1 year in age increased the odds of having Tooth Wear by 1.75 times. The odds of a male having tooth wear were 1.74 times the odds of a female. Brushing teeth twice per day increased the odds of having tooth wear by 2.37 times.

The relationship between tooth wear and dental caries was also assessed.  Although the mean DMFT for children with exposed dentine (1.70) for all examined surfaces was on the borderline of being statistically greater than the children without exposed dentine (1.38), there was no statistical difference between those with and without tooth wear on smooth/occlusal surfaces. (Tables 7a & 7b).
Discussion

This study determined the prevalence and severity of tooth wear in 14-year-old children on the Isle of Man. 
Differential diagnosis of attrition, erosion and abrasion is difficult. Attempts have been made to relate specific surfaces with one mode of wear and discount the effect of other aetiologies. By exclusion of exposed dentine on incisal edges an attempt is made to assess smooth/occlusal surface wear on palatal, labial and occlusal surfaces. The wear on these sites may be attributed to erosion, although this assumption can be erroneous given that toothbrush abrasion can affect labial surfaces and, depending upon incisal guidance on protrusion, palatal surfaces may be worn from contact with lower incisal edges (attrition) as well as supporting cusps on molars.

51 % of children (N=320) had at least one surface with exposed dentine. This compares favourably with previous results on prevalence in this age group; 57% [Bartlett et al, 1998], 52% [Al-Dlaigan et al, 2001a], 53% [Bardsley et al, 2004]. The equivalent figure for the first Liverpool study was 30 %. [Milosevic et al, 1994] Of greater importance is the increase in exposed dentine on smooth/occlusal surfaces after excluding incisal edges. This was 20% in the current study (124 children), compared to 8% reported by Milosevic et al. [1994]. Wear into dentine was seen most frequently on incisal edges of central and lateral incisors and occlusally on lower first molars with few children having palatally exposed dentine (N=16, 3%) and none with labial dentine. Previous studies reported palatally exposed dentine to range from 0.5% to 2%. [Bartlett et al, 1998; Williams et al, 1999; Al-Dlaigan et al, 2001a] A similar pattern of wear was observed by Milosevic et al [1994] and Bardsley et al. [2004].
The 15-year-olds sampled in the National Children’s Dental Health Survey (NCDH, 2003) showed an increase in TSL into dentine or pulp on palatal surfaces from 2% in 1993 to 5 % in 2003 (3% in our IoM study). The prevalence of exposed dentine in the NCDH study on the occlusal surfaces of molars was 4% whereas this occurred in up to 16% of the IoM children, mainly on the lower occlusal surfaces. The present study has found similar results to the 2003 survey in that lower molars were more frequently worn through to dentine than upper permanent molars.
More males than females had tooth wear and a significantly higher proportion of males had smooth/occlusal surface wear compared to females supporting previous results. [Milosevic et al, 1994; Al-Dlaigan et al, 2001a; Dugmore and Rock, 2004]. These gender differences have been explained in previous studies and seem to be attributed to stronger masticatory biting forces in males. In addition it has been cited that males drink more fizzy drinks then females. [Balding, 1992].
Several dietary variables were analysed for tooth wear on smooth/occlusal surfaces. Frequent consumption of all fizzy drinks (diet /sugar), flavoured water and fruit juices were associated with tooth wear with odds ratios of 1.6 in the univariate analyses, although these variables did not enter the regression model when other significant factors were included. Although other studies in teenagers have reported correlations between erosion and various dietary factors, these have tended to show only weak to moderate associations [Dugmore and Rock,  2004; Milosevic et al, 1997; Milosevic et al, 2004] or failed to show any association Bartlett et al, 1998; Williams et al, 1999] or omitted to include the correlation coefficients.  [Al-Dlaigan et al, 2001a]
A one year increase in age increased the odds of having tooth wear by 1.9 times. The odds of a male having tooth wear are 1.75 times the odds of a female. Brushing teeth twice per day increased the odds of having tooth wear by 2.45, a stronger association than previously reported. [Al-Dlaigan et al, 2001b]. A marginally significant greater mean DMFT score was found in children with exposed dentine which is similar to one report of a positive association (OR=1.5) between caries and erosion in both the 12 and 14 year old age groups. [Dugmore and Rock, 2004b] Although carbonated sugary drinks provide a common risk factor for caries and erosion, the processes are different. In general, surfaces prone to erosion (cusp tips and palatal surfaces) or attrition (incisal edges) are not those where caries occurs.

In conclusion, this cross-sectional epidemiological study has confirmed greater prevalence of tooth wear in males compared to females and an increase in the proportion of 14-year-old children with exposed dentine compared to early studies with confirmation of the upward trend identified in the 2003 NCDH survey. The cause for this increase is less obvious. As with previous studies, weak strengths of association between potentially erosive dietary items and eroded teeth (smooth/occlusal surfaces with exposed dentine) were found. Whether the 14-year-old age group is too young to accurately determine causal relationships or whether measurement of erosion lacks validity is debatable. Children on the Isle of Man have similar levels of caries and tooth wear as their counterparts on the UK mainland.
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Figure 1 Intra-oral distribution of tooth wear
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Table 1 Scoring criteria for Tooth Wear
	Score


	Appearance

	0
	No dentine wear



	1
	Dentine is visible <one third of surface



	2
	Dentine visible >one third of surface



	3
	Pulp or secondary dentine exposed



	N
	Not score-able surface




Table 2 Number of children with and without exposed dentine 

                                                                                                              





                                                 
 
N      
(%)
	No wear 
Dentine not exposed (score 0)
	309
	49

	At least one surface with dentine exposed 

Any Tooth Wear (score ≥1)
	320
	51


                                                                                         Total         629       
Table 3 Tooth Wear by gender   
	Number  

(% of all children)
	Any Tooth wear

At least one surface with exposed dentine 
	Smooth/occlusal surface tooth wear
At least one non-incisal edge with exposed dentine 

	Male        303
	169   (56%)
	72   (24%)

	Female    326
	151  (47%)
	52   (16%)


Total        629                320                            124

NB The number of children in the third column are counted in the second column and are a sub-set with exposed dentine on occlusal and/or palatal surfaces 

 Table 4 Univariate odds ratios for relationship between smooth/occlusal surface tooth wear, and age, sex, toothbrushing, and dietary factors (intake frequency 1xday or more)
	Variable
	Odds ratio 
	95% confidence interval 

	Age
	1.9
	1.2-3.0*

	Sex (Male)
	1.6
	1.1-2.4*

	Toothbrushing
	2.1
	1.2-3.7*

	
	
	

	Fizzy drinks with sugar
	1.3
	0.9 – 2.0

	Diet fizzy drinks
	1.6
	1.0 – 2.4*

	Any fizzy drinks
	1.6
	1.1 – 2.3 *

	Flavoured water
	1.4
	0.9 – 2.1

	Fruit juices 
	1.0
	0.7 – 1.5

	Whole milk
	0.9
	0.6 – 1.4

	Water
	0.8
	0.5 – 1.2

	Fruit
	1.0
	0.6 – 1.5

	Yoghurt
	1.0
	0.7 – 1.6

	Ice cream
	1.2
	0.6 – 2.3

	Chewing gum
	1.3
	0.9 – 2.0


Statistically Significant (p<0.05)*
Table 5: Frequency of fizzy drink consumption and presence /absence of smooth/occlusal surface tooth wear
	Frequency of fizzy drink intake
	Dentine not exposed
	Dentine exposed
	Total

	< once a day
	275
	55 (17%)
	330

	Once a day or more
	217
	68 (24%)
	285

	
	492
	123
	615


Table 6
 Odds ratios from logistic regression analysis, on smooth/occlusal surface tooth wear
	Variable
	Odds ratio
	95% CI



	Brushing twice a day or more


	2.37
	(1.31, 4.29)

	Male


	1.74
	(1.15, 2.62)

	Age


	1.75
	(1.10, 2.78)


Table 7a Mean DMFT and components, for those with and without tooth wear on any surface
	
	 N= Number 
	Mean DMFT (s.d.)
	Mean DT (s.d)
	Mean MT (s.d.)
	Mean FT (s.d.)

	Dentine not exposed


	309
	1.38 (1.95)*
	0.62 (1.18)
	0.14 (0.65)
	0.62 (1.29)

	Dentine exposed
	320
	1.70 (2.08)*
	0.79 (1.34)
	0.12 (0.56)
	0.79 (1.33)



	 Total
	629
	1.54 (2.01)
	0.71 (1.27)
	0.13 (0.60)
	0.70 (1.31)


*t= 1.98 p=0.05
Table 7b Mean DMFT, for those with and without smooth/occlusal surface tooth wear
	
	 N= Number 
	Mean DMFT
	Std. deviation

	Dentine not exposed
	505
	1.58
	2.08

	Dentine exposed
	124
	1.37
	1.71

	 Total
	629
	1.54
	2.01


t= 0.99 p= 0.32
DMFT = Decayed, Missing and Filled Teeth, 
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