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Tooth Wear in a Sample of Community-Dwelling Elderly 
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Eleftherios G Kaklamanosa / Georgios Menexesb / Miltiadis A Makrygiannakisc / Vassiliki Topitsogloud /
Sotirios Kalfase

Purpose: Increased wear of teeth may constitute a major problem in the future for the elderly. The aim of the pres-
ent study was to investigate tooth wear in a sample of elderly Greeks and explore the presence and extent of se-
vere occlusal/incisal wear in relation to the parameters of age, gender and remaining teeth.

Materials and Methods: A convenience sample of 70 dentate elderly (60–92 years old) was examined. Tooth wear 
was assessed using a modification of the tooth wear index. The presence of severe occlusal/incisal wear was ex-
plored using the multiple correspondence analysis (MCA) and x2 tests and the extent (% of surfaces) with analysis 
of variance (ANOVA).

Results: Increased prevalence of severe wear was observed in the occlusal/incisal and, to a lesser extent, in the 
cervical surfaces of the examined teeth. Seventy per cent (70%) of the participants had at least one severely worn
tooth surface. Advanced age seemed to be associated with severe occlusal/incisal wear (>70 years: 79.4%; 
60–70 years: 52.8%; x2 test, p = 0.024). The mean (± SD) percentage of severely worn teeth and surfaces was
34.2 ± 32.6% and 9.6 ± 9.6%, respectively. ANOVA showed that males and those with less than 20 remaining 
teeth exhibited more severely worn occlusal/incisal surfaces (p = 0.031 and p = 0.000, respectively).

Conclusions: The presence and the extent of severe wear in the sample of the examined elderly is high compared
to elderly populations in other countries. Severe wear was more prevalent with advanced age and more extensive
in the occlusal/incisal surfaces in males and those having less than 20 remaining teeth.
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Tooth wear is an irreversible and cumulative phenomenon 
related to aesthetic and functional disorders. Although it

should not be considered as a part of the ageing process,
a general tendency towards increasing wear with age has 
been well established.27 With increasing life expectancy,
the population is ageing and a growing number of elderly 

people are retaining more of their natural dentition. The in-
creased loss of dental tissue as a result of wear may con-
stitute a major problem in the future.19,21

Apart from age-related changes, variations in the rates of 
tooth wear in the general population have also been associ-
ated with other parameters. Most studies have suggested 
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that men exhibit increased wear compared to women.27 In
addition, the increase in the number of teeth lost has been 
associated with more severe wear of those remaining, 
although this association is not always clinically or statisti-
cally significant.29 Moreover, underlying systemic predispos-
ing factors, dietary habits, as well as social and environ-
mental difficulties may also have an impact on the wear of 
teeth.18,28,29 However, the in-depth understanding of the
parameters affecting interindividual variations in the mani-
festations of the tooth wear process is still limited.

Elderly people’s circumstances may vary considerably 
and under certain conditions they may be more at risk in
terms of a deterioration in oral health.9 Given the growing
concern about maintaining the level of health in the growing

population of elderly people, and their oral health in particu-
lar, the complexity of treatment and the potential impacts 
of advanced tooth wear on the Oral Health-related Quality of 
Life, additional epidemiological information about the preva-
lence of tooth wear has become a matter of inter-
est.12,15,29 The available data is relatively sparse and indi-
cate considerable variation in the proportions of the elderly 
population presenting with teeth worn to such a degree that
function or appearance may be impaired, or in the extent of 
advanced wear in their dentition.2,7,24,18,28

The aim of this paper was to investigate tooth wear in a 
sample of community-dwelling elderly Greeks and explore the
presence and extent of severe occlusal/incisal wear in rela-
tion to the parameters of age, gender and remaining teeth.

Table 1  Characteristics of the participants. The statistical significance of the differences between males and females
was analysed with the Mann–Whitney test (indicated by an asterisk) or by the x2 test

Characteristic Elderly aged
60–70 years

Elderly aged
over 70 years

Statistical 
significance

Total

Gender distribution [no. (%)]

Males
Females
Remaining teeth [x 

_
  ± SD]*x
_

15 (42%)
21 (58%)
18 ± 7

21 (62%)
13 (38%)
18 ± 6

0.102
0.777

36 (51%)
34 (49%)
18 ± 6

Remaining teeth distribution [no. (%)]

Less than 20 teeth
20 or more teeth

19 (53%)
17 (47%)

18 (53%)
16 (47%) 1.000 37 (53%)

33 (47%)

Wearing of dentures [no. (%)]

Non-denture wearers
Denture wearers
Partial denture(s)
Complete & partial dentures
Complete denture & teeth

20 (56%)
16 (44%)
12 (33%)
4 (11%)
0 (0%)

19 (56%)
15 (44%)
11 (32%)
2 (6%)
2 (6%)

0.606

39 (56%)

23 (33%)
6 (8%)
2 (3%)

Table 2  Number of tooth surfaces scored for wear

8 7 6 5 4 3 2 1 Tooth surface 1 2 3 4 5 6 7 8

M
a
x
il
la

6 24 17 18 18 32 31 37 Cervical 35 29 26 24 24 19 22 7

6 25 17 18 20 32 32 40 Buccal 39 35 30 25 24 19 22 7

6 25 17 17 20 32 32 40 Occlusal/incisal 39 35 31 23 22 19 22 7

6 25 17 18 20 31 33 40 Lingual 39 34 30 25 24 19 22 7

M
a
n
d
ib

le

6 14 9 23 31 46 52 53 Lingual 50 51 52 37 20 8 10 8

6 14 9 23 34 47 52 53 Occlusal/incisal 50 51 53 37 21 7 10 8

6 14 9 23 34 45 52 53 Buccal 50 51 53 37 21 8 10 8

6 13 9 22 31 43 51 53 Cervical 50 49 49 34 18 8 9 8
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MATERIALS AND METHODS

Participants

In total, a convenience sample of 70 dentate elderly people
were examined. All elderly living independently and attend-
ing an elderly people’s day centre (EPDC) in one of five dif-ff
ferent suburban areas of Thessaloniki, Greece were invited
to participate. The age of the participants ranged from 60 
to 92 years. Approval was obtained by the Research and
Ethics Committee, Aristotle University of Thessaloniki and 
informed consent was obtained from the participants.

Clinical Examination

The clinical examinations were performed by one investiga-
tor (EGK), using plane mirrors and blunt explorers under 
natural light conditions in a specially designated office of 
the EPDC. Disposable latex gloves and single-use sterilised
instruments were used for each participant. The clinical
examination involved an assessment of the number of re-
maining teeth (excluding root remnants), as well as obser-rr
vation of the presence of complete or partial dentures. The
findings of the clinical examination were recorded on pre-
coded forms.

Tooth wear was assessed using the modified tooth wear 
index (mTWI).3 The index has been used to develop maxi-
mum scores of expected wear for various age groups, de-
pending on tooth surface and position.23 Occlusal/incisal
wear scored 3 to 5 in the mTWI was regarded as affecting

function or aesthetics for the age groups under consider-rr
ation and is hereafter mentioned as severe wear. The ex-
tent of severely worn surfaces was expressed as a percent-
age of the total or occlusal/incisal surfaces scored.

To assess the intraexaminer reliability, 20 of the elderly 
participants were re-examined after approximately 3 weeks
and a kappa score was calculated.

Statistical Methods

The statistical significance of the differences between 
males and females regarding general characteristics was 
analysed with the Mann–Whitney test or the x2 test.

The presence of severe occlusal/incisal wear in relation to
the parameters of age, gender and the remaining teeth distri-
bution was explored with multiple correspondence analysis
(MCA) and investigated with the x2 test. The extent of severe
occlusal/incisal wear (% of surfaces) in relation to the effects
of gender, age and remaining teeth distribution was investi-
gated with analysis of variance (ANOVA). In order to maximise 
the adjustment of the percentage distribution to the normal 
distribution, the transformation T =T 2arcsin(      )√‾‾ was applied, 
where X is the percentage value.

The patterns of teeth exhibiting severe occlusal/incisal
wear in each quadrant were identified by creating a new 
variable vTqn for each tooth, where q = 1,... 4 represents the
quadrant and n = 1,... 8  the tooth number in the quadrant.
If a tooth was severely worn, the variable vTqn took the
value 1. Otherwise, the variable vTqn  took the value 0. The 

Fig 1  Distribution of the modified tooth 
wear index (mTWI) scores in the dentition 
of the elderly.
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The number of tooth surfaces scored for wear and the 
distribution of wear in the dentition of the 70 elderlies are
presented in Table 2 and Figure 1, respectively. An in-
creased proportion of severe wear was observed in the oc-
clusal/incisal and to a lesser extent in the cervical surfaces 
of the examined teeth. With the exception of the lingual 
surfaces of the maxillary anterior teeth, the buccal and lin-
gual surfaces did not exhibit severe wear overall. Seventy 
per cent (70%) of the elderly participants exhibited at least 
one severely worn surface. The mean (± SD) percentage of 
severely worn teeth and surfaces in the dentition was
34.2% ± 32.6 and 9.6% ± 9.6, respectively.

Presence of Severe Occlusal/Incisal Wear

MCA revealed two statistically significant factorial axes that
explained almost 61% of the total variance regarding the 
presence of severely worn occlusal/incisal surfaces (Fig 2).
The first axis showed that the parameters of age (discrimi-
nation measure (DM) = 0.56) and gender (DM = 0.36) were
related to the presence of advanced wear (DM = 0.49) and
differentiated elderly females, aged 60–70 years, without 
severe wear (left side of the axis), from males over 70
years with severe wear (right side of the axis). The second 
factorial axis was composed almost exclusively of the par-rr
ameter relevant to the number of remaining teeth distribu-
tion (DM = 0.92) and differentiated persons having 20 or 
more remaining teeth (positive side of the axis) from those 
with less than 20. The number of remaining teeth did not 
seem to be significantly connected to the presence of se-
vere wear or the parameters of age and gender. Further 
testing with a series of x2 tests showed that the persons
over 70 exhibited more severe wear compared to those 70 
and younger (79.4% vs 52.8%; p = 0.024), especially in the 
subgroup with less than 20 remaining teeth (83.4% vs 
47.4%; p = 0.001)

Extent of Severe Occlusal/Incisal Wear

ANOVA showed that the extent of severe wear was greater 
in males (mean ± SD: 54.4 ± 30.3% vs 41.2 ± 29.0% in 
females; F(1:38) = 5.046; p = 0.031) and in persons with
less than 20 remaining teeth (mean ± SD: 32.4 ± 22.0% vs
63.6 ± 29.2% in persons with less than 20 remaining
teeth; F(1:38) = 22.983; p = 0.000).

Patterns of Severe Occlusal/Incisal Wear

The more frequent patterns of severely worn occlusal/inci-
sal surfaces are presented in Fig 3. Severe wear involved 
mainly the incisal surfaces of the anterior teeth.

DISCUSSION

Based on data analysis, the presence and the extent of 
severe wear was high in the sample of the examined el-
derly. Moreover, severe wear in the occlusal/incisal sur-rr
faces was more prevalent in elderly more than 70 years old,
and extensive in males and the elderly with less than 20
remaining teeth.

pattern of severely worn teeth in each quadrant was cre-
ated according to the relationship P(Tq1TT + Tq2 TT + Tq2TT ) = 
107v77 Tq1 + 106vTq2 +...+ 100vTq8, where q = 1,... 4 represents
the quadrant. The patterns obtained were used to create
frequency tables for each quadrant.

The software SPSS Statistics version 22 (IBM, Chicago,
IL, USA) was used for the analyses. In every non-parametric 
test (x2 tests and Mann–Whitney) the observed statistical
significance level (p value) was computed either with the
Fisher’s exact test or using the Monte Carlo simulation
method. The statistical tests differences were considered
statistically significant when a p value of 0.05 or less was
found.

RESULTS

The kappa score for intraexaminer reliability was calculated
as 0.853, indicating a very close intraexaminer agreement.
The general characteristics of the participants are pre-
sented on Table 1. No statistically significant association
was found between gender and the remaining teeth distribu-
tion (x2 test; p = 0.641).

Fig 2  The factorial plane 1 × 2 showing the prevailing trends, 
as derived by MCA. The first axis is mainly constructed by points 
1–6 (open circles), while the second is mainly constructed by 
points 7 and 8 (filled circles). Point 1: female elderly participants; 
point 2: elderly aged 60–70 years old; point 3: absence of severe 
occlusal/incisal wear; point 4: presence of severe occlusal/incisal 
wear; point 5: male elderly participants; point 6: elderly aged over 
70 years; point 7: elderly having less than 20 remaining teeth; 
point 8: elderly having 20 remaining teeth or more.
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The published data on the presence and extent of tooth 
wear in the general elderly population people are relatively 
sparse, as the majority of the work published concerns 
other age cohorts, particular varieties of tooth wear or spe-
cific settings.1,3,5,11,14,20,22 The available data involves in-
vestigations from Sweden,7 the United Kingdom,3,10,24 Ire-
land,2 the Netherlands,28 and the United States18 that 
have used the TWI23 or modifications,2,4 the O’Brien
index,17 the Lobbezoo and Naeije index,13 or grading scales
produced by the authors.7 In the present investigation, the 
severity of tooth wear was assessed using the mTWI.3 This 
modification grades the extent of surface area lost by wear 
in the horizontal plane, but additionally includes a criterion
for assessing vertical crown loss, which has been consid-
ered important for further differentiation of the ongoing 
progress of tooth substance loss in elderly people. More-
over, the index has been used to develop maximum scores
of expected wear for various age groups depending on tooth
surface and position.23

Although the variability of the grading scales used ren-
ders unequivocal comparison challenging,14 it seems that
the sample of investigated elderly Greeks included a con-
siderable subset of individuals demonstrating teeth with
advanced wear level (70%) compared to elderly populations 
in other countries (reported range: 12–50%).2,10,18,24,28

Moreover, the examined individuals exhibited a high per-rr
centage (34.2%) of advanced worn teeth (reported range: 
0.8–19.5%).2,7,10 Added to this, a general tendency of in-
crease in tooth substance loss was observed on the occlu-
sal/incisal, cervical, as well as the lingual surfaces of the 
anterior teeth rather than among the posterior teeth, simi-
larly to other reports.3

In the context of increased tooth longevity, tooth wear 
may constitute an increasing future problem for populations
with characteristics similar to those of the examined el-

derly. Bearing in mind the potential impacts on oral health-
related quality of life and the complexity of treatment,12,15

this finding may suggest increased treatment needs, al-
though the decision to provide treatment depends on a 
wide range of parameters including age, gender, socioeco-
nomic factors and desire for care.3 In any case, increasingly 
complex restorations may be needed, requiring time and
the relevant skills to perform and maintain.

MCA and x2 tests revealed that the presence of severe
occlusal/incisal wear seems to be related to males and 
people over 70 years. In addition, ANOVA showed that the 
percentage of severely worn occlusal/incisal surfaces is
increased in males and those with less than 20 remaining 
teeth. The observation that tooth wear increases with age
is well established.3,7,16,18,24,25,27-29 Since tooth wear con-
stitutes a non-reversible process, such findings are to be
expected. Moreover, a general tendency for men to exhibit
increased wear compared to women has been observed in 
the published literature.2,3,5,7,18,28 Dietetic factors,6 as well
as the forces arising from orofacial muscle function26 have
been implicated in the attempts to explain these observa-
tions. Finally, the increase in the number of teeth lost has 
been associated with more severe wear in the remaining 
dentition, although this association has not been unequivo-
cally established.8,29

CONCLUSIONS

Based on the retrieved data, the presence and the extent of 
severe wear was high in the sample of the examined elderly 
compared to elderly populations in other countries. More-
over, severe wear became more prevalent with advancing 
age and was more extensive in the occlusal/incisal sur-
faces in males and those with less than 20 remaining 

Fig 3  Frequent patterns of severely worn 
occlusal/incisal surfaces.
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teeth. In the context of increased tooth longevity, tooth
wear may become an increasing problem in the future for 
the rapidly ageing population, implying more and more com-
plex restorations, requiring time and skills to perform and
maintain. Further studies are needed to investigate tooth
wear in older Greeks and clarify the determinants of inter-
individual variations.

Acknowledgements

We wish to thank all individuals that participated in the 
study, as well as the directors of the elderly people’s day 
centres for facilitating access to them. Special thanks go
also to Dr Maria Charalampidou for her assistance in the 
data collection.

REFERENCES

1. Bartlett D, Phillips K, Smith B. A difference in perspective – the North 
American and European interpretations of tooth wear. Int J Prosthodont 
1999;12:401–408.

2. Burke FM, Whelton H, Harding M, Crowley E, O’Mullane D, Cronin M, et
al. Fluoridation and toothwear in Irish adults. Community Dent Oral Epide-
miol 2010;38:415–421.

3. Donachie MA, Walls AWG. Assessment of tooth wear in an ageing popu-
lation. J Dent 1995;23:157–164.

4. Dye BA, Nowjack-Raymer R, Barker LK, Nunn JH, Steele JG, Tan S, et al.
Overview and quality assurance for the oral health component of the Na-
tional Health and Nutrition examination Survey 2003–4. J Public Health 
Dent 2008;68:218–226.

5. Hattab FN, Yassin OM. Etiology and diagnosis of tooth wear: a literature
review and presentation of selected cases. Int J Prosthdont 2000;13:
101–107.

6. Heuer T, Krems C, Moon K, Brombach C, Hoffmann I. Food consumption
of adults in Germany: results of the German National Nutrition Survey II
based on diet history interviews. Br J Nutr 2015;113:1603–1614.

7. Hugoson A, Bergendal T, Ekfeldt A, Helkimo M. Prevalence and severity 
of incisal and occlusal tooth wear in an adult Swedish population. Acta
Odontol Scand 1988;46:255–265.

8. Johansson A, Haraldson T, Omar R, Kiliaridis S, Carlsson GE. An investi-
gation of some factors associated with occlusal tooth wear in a selected 
high-wear sample. Scand J Dent Res 1993;101:407–415.

9. Kaklamanos EG, Charalampidou M, Menexes G, Topitsoglou V, Kalfas S.
Transient oral microflora in Greeks attending day centres for the elderly 
and residents in homes for the elderly. Gerodontology 2005;22:158–167.

10. Kelly M, Steele J, Nuttall N, Bradnock G, Morris J, Nunn J, et al. Adult
Dental Health Survey – Oral Health in the United Kingdom 1998. London,
UK: Stationery Office, 2000.

11. Kitasako Y, Sasaki Y, Takagaki T, Sadr A, Tagami J. Age-specific preva-
lence of erosive tooth wear by acidic diet and gastroesophageal reflux in
Japan. J Dent 2015;43:418–423.

12. Li MH, Bernabé E. Tooth wear and quality of life among adults in the 
United Kingdom. J Dent 2016;55:48–53.

13. Lobbezoo F, Naeije M. A reliability study of clinical tooth wear measure-
ments. J Prosthet Dent 2001;86:597–602.

14. Margaritis V, Nunn J. Challenges in assessing erosive tooth wear. 
Monogr Oral Sci 2014;25:46–54.

15. Mesko ME, Sarkis-Onofre R, Cenci MS, Opdam NJ, Loomans B, Pereira-
Cenci T. Rehabilitation of severely worn teeth: a systematic review. J Dent 
2016;48:9–15.

16. Nunn J, Morris J, Pine C, Pitts NB, Bradnock G, Steele J. The condition of 
teeth in the UK in 1998 and implications for the future. Br Dent J 2000; 
189:639–644.

17. O’Brien M. Children’s dental health in the United Kingdom 1993. London,
UK: Office of Population Censuses and Surveys, Social Survey Division,
HMSO, 1994.

18. Okunseri C, Wong MC, Yau DT, McGrath C, Szabo A. The relationship be-
tween consumption of beverages and tooth wear among adults in the 
United States. J Public Health Dent 2015;75:274–481.

19. Orimo H, Ito H, Suzuki T, Araki A, Hosoi T, Sawabe M. Reviewing the defi-
nition of ‘elderly’. Geriatr Gerontol Int 2006;6:149–158.

20. Poynter ME, Wright PS. Tooth wear and some factors influencing its se-
verity. Restorative Dent 1990;6:8–11.

21. Preston AJ, Barber MW. The ageing UK population – considerations for 
the restorative dentist. Int Dent J 2007;57:423–428.

22. Robb ND, Smith BGN. Prevalence of pathological tooth wear in patients
with chronic alcoholism. Br Dent J 1990;169:367–369.

23. Smith BGN, Knight LK. An index for measuring the wear of teeth. Br Dent
J 1984;156:435–438.

24. Steele J, O’Sullivan I. Adult Dental Health Survey 2009. London, UK: The
NHS Information Centre for Health and Social Care. Part of the Govern-
ment Statistical Service, 2011.

25. Steele JG, Sheiham A, Marcenes W, Fay N, Walls AWG. Clinical and be-
havioural risk indicators for root caries in older people. Gerodontology 
2001;18:95–101.

26. Van der Glas HW, Lobbezoo F, van der Bilt A, Bosman F. Influence of the
thickness of soft tissues overlying human masseter and temporalis mus-
cles on the electromyographic maximal voluntary contraction level. Eur J 
Oral Sci 1996;104:87–95.

27. Van’t Spijker A, Rodriguez JM, Kreulen CM, Bronckhorst EM, Bartlett DW,
Creugers NH. Prevalence of tooth wear in adults. Int J Prosthodont 
2009;22:35–42.

28. Wetselaar P, Vermaire JH, Visscher CM, Lobbezoo F, Schuller AA. The
prevalence of tooth wear in the Dutch adult population. Caries Res 
2016;50:543–550.

29. Zhang Q, Witter DJ, Bronkhorst EM, Bartlett DW, Creugers NH. Occlusal
tooth wear in Chinese adults with shortened dental arches. J Oral Rehabil 
2014;41:101–107.


