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Abstract
Background. Regional cross-sectional surveys are a vital addition to nationwide epidemiological studies. 

They are characterized by greater intensification of risk factors distribution, and the conclusions drawn the-

refrom are better suited to local gerostomatological treatment needs.

Objectives. The aim of the study was to examine young seniors (aged 65–74) in the Wrocław urban area 

and to assess the number of teeth, the prevalence of caries and periodontitis, as well as clinical lesions 

in oral mucosa. Also, the aim was to confirm the influence of local and general classical risk factors associa-

ted with these pathologies.

Material and methods. The following indexes were assessed: PI, API, BoP, PD, CAL, DMFT index and its 

components, number of teeth and occlusal supporting zones. CPI index was assessed based on periodon-

tal examination, and then a periodontal diagnosis was given if present pathological lesions were noted.

Results. The average number of remaining teeth is 13.2 in the entire study group, the proportion of sub-

jects with edentulism is 14.1%. DMFT index amounts to 17.45, and the percentage of people with perio-

dontitis is 42%, including 18.9% with a severe form. The study has revealed a very high prevalence of tre-

ated hypertension (almost half of the subjects) and cardiovascular diseases, very high prosthetic needs for 

more than 70% of subjects, and very poor oral hygiene: only 20% of subjects brush their teeth correctly, and 

only 7% clean their interdental spaces. A significantly higher prevalence of dental caries and higher perio-

dontal exponents have been found in men. It has been shown that current tobacco dependence had a signi-

ficant negative impact on the reduction of the number of teeth and severity of periodontitis. Socioeconomic 

factors had the biggest impact upon the number of remaining teeth and oral hygiene. 

Conclusions. The study has shown an increase in the remaining teeth number in young seniors of Wro-

cław, despite the absence of a notable improvement in the incidence of dental caries and periodontitis, and 

it has also confirmed a significant influence of classical risk factors related to tooth loss and periodontitis.
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The theory of demographic transition, formed at the end 

of the 20th century, emerged from profound changes in Eu-

rope’s post-industrial societies in the sphere of values, stan-

dards, behaviors, and attitudes, leading primarily to a de-

cline in the willingness to marry, a tendency to marry later 

in life, a  decrease in the number of  children in  a  family, 

and a trend to bear children later in life. The consequence 

of the so-called second demographic transition is a decline 

in birth rate, a decrease in population or – at least – a sta-

bilization of the population, a  distinct change in  the age 

structure, with a  tendency for a  decline in  the working-

age population, faster aging of societies, and prolonged 

life span. In Europe, the  proportion of  people over 65 

years of age is currently around 16.4%, and it is estimated 

to reach 27.6% in 2050.1 In Poland, the percentage of people 

over the age of 65 accounted for 15.5% in 2015, and it is es-

timated that in  2050 this proportion may reach 26.9%.2 

These changes involve an  increased interest in  many as-

pects of the health of the elderly, including the evaluation 

of oral health indicators and the determination of gerosto-

matological treatment needs. Epidemiological studies re-

veal that main oral pathologies in the elderly are tooth loss, 

tooth decay, periodontitis, and oral pre-cancer and cancer 

lesions.1 In 2010, the disability-adjusted life years (DALYs) 

per capita index for different regions of  the world shows 

highest values for all oral conditions for Eastern (357) and 

Central Europe (334), and its global values related to dental 

conditions are highest for severe periodontitis (108), severe 

(less than 10) tooth loss (106) and untreated dental caries 

(73).3 For the elderly in developing countries, however, the 

main dental problem is tooth loss and the need for pros-

thetic treatment. An analysis of a 20-year trend for most 

world countries indicates a 45% reduction in the prevalence 

of tooth loss with the peak in incidence remaining around 

the age of 65.4 Still, these positive changes affect Eastern 

Europe in the slightest degree. In Europe, 3 countries with 

the highest average number of teeth in the elderly exceed-

ing 20 is Sweden – 24.5, Denmark – 22.4, and Switzerland 

– 22.2.5 Therefore, one of the WHO’s announced objectives 

regarding the presence of more than 20 teeth in 80-year-

old people is met only in these 3 countries. The lowest pro-

portion of edentulism in the 65–74 age group also occurs 

in these 3 countries: Sweden – 2.7%, Switzerland – 6.7%, 

and Denmark – 6.8%; and the highest is reported for the 

Czech Republic – 18.7%, Slovenia – 19.2%, and the Neth-

erlands – 27.6% (the comparative analysis is based on data 

from 15 countries, excluding Poland).5 The varying num-

bers of remaining teeth reflect rather national differences 

in the focus of oral health care between prevention and re-

pair. This assessment stems from the fact that there are no 

significant changes in the global prevalence and incidence 

of dental caries and periodontitis,which are the main medi-

cal causes of tooth loss.6–8 The prevalence and incidence 

of untreated dental caries in older patients has remained 

unchanged over the past 20 years, with the third peak of in-

cidence around the age of 70. This is partly due to the occur-

rence of dental root caries at this age. The incidence peak 

for periodontitis occurs about the age of 38, and the preva-

lence of severe periodontitis reaches its maximum around 

the age of 40, and then it remains stable.6,7 The loss of con-

nective tissue attachment, progressing with age, causes the 

proportion of pathological changes in  the  elderly’s peri-

odontium to remain at a high level (especially if we apply 

the definition of periodontal inflammation, taking into ac-

count this parameter), leading to gum recession in a greater 

degree rather than to generalized new cases of severe peri-

odontitis. The majority of the elderly suffer from persistent, 

localized and moderate forms of  periodontitis, because 

the most severe forms cause tooth loss usually between the 

ages of 40 and 60. Attention should be paid to the method-

ological shortcomings of the CPI previously used in epide-

miological studies among the elderly in Europe (underes-

timation of real prevalence and the extent of periodontal 

inflammation). Therefore, in  modern studies, it  is  vital 

to determine both pocket depth and loss of  attachment. 

In  an  epidemiological examination of  an  elderly patient’s 

oral health, it is necessary to assess the clinical pathology 

of the mucous membrane, in particular pre-cancerous and 

cancerous lesions. They are not frequent, but they can have 

catastrophic individual consequences, especially in people 

with synergistic effects of nicotine and heavy alcohol abuse 

or with an infection caused by oncogenic forms of human 

papillomavirus (HPV).

All of the most common oral pathologies in the elderly 

have a multifactorial etiology. The level of epidemiological 

examination allows for the assessment of the influence of lo-

cal factors, oral hygiene or health promotion and general 

behaviors, smoking, obesity, selected systemic diseases, and 

social and economic conditions. Particularly interesting are 

the two-way relationships between systemic pathologies fre-

quent at this age (diabetes, obesity and metabolic syndrome) 

and oral health. Confirming the real impact of general and/or 

local factors allows for applying more causal and person-

alized multi-specialist action by, for instance, eradicating 

smoking or establishing the metabolic control of diabetes, 

as well as using the risk assessment tool.9

Attention is drawn by significant differences in the glob-

al prevalence of edentulism, number of remaining teeth, 

morbidity, and incidence of dental caries and periodontitis. 

In 2010, severe periodontitis ranged from 4.5% reported for 

the population of Oceania, to 20.4% reported for inhabit-

ants of Southern Latin America.6 These differences may be 

substantial, even within a country; for instance, the fourth 

German Dental Health Survey of 2005 shows that differ-

ences in the number of teeth between seniors aged 65–74 

years from the western and eastern Länder were 14.1 vs 

12.5, respectively.10 Therefore, a  representative regional 

research is a valuable supplement to a nationwide epide-

miological research. Regional research is characterized 

by less diversified distribution of risk factors such as social 

and economic ones, and conclusions derived therefrom are 

more suited to local gerostomatological treatment needs.
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The aim of this cross-sectional epidemiological study 

of the inhabitants of Wrocław aged 65 to 74 years is to evalu-

ate the number of remaining teeth and related prosthodontic 

treatment needs, assess the prevalence of dental caries and 

periodontal disease as well as lesions in oral mucous mem-

brane, and to confirm the influence of local classical risk fac-

tors associated with these pathologies. The findings regard-

ing the examined population will also be compared with the 

contemporary Polish and European regional epidemiologi-

cal studies on the oral health of young seniors.

Material and methods 
The study was conducted in Wrocław (Department 

of  Periodontology, Wroclaw Medical University) and 

in Oława, a town located 40 km from Wrocław, with 35,000 

inhabitants (private dental practice in Oława). At the Min-

istry of the  Interior and Administration in  Warszawa, 

a  group of 1,000 people aged 65–74 years was random-

ly selected for Wrocław by means of a  two-tier drawing 

method, and a group of 600 people was randomly selected 

for Oława in the same way. Therefore, a total of 1,600 in-

habitants of Wrocław region were selected, with a  sym-

metrical age and gender structure. The project leader 

invited (by  letter and, if possible, by phone) the persons 

drawn to take part in the study at their own convenience. 

In the period between June 25th 2017 and August 1st 2017, 

256 inhabitants of Wrocław (response rate 25.6%) and 

77 inhabitants of Oława (response rate 12.8%) responded 

to the invitation. These persons submitted their written 

consent to participate in the study and to data processing 

by signing statements approved by the Bioethics Com-

mittee of Wroclaw Medical University (approval number 

481/2013). The applied exclusion criteria for periodontal 

examination were as follows: general contraindications 

(e.g., the history of bacterial endocarditis) and local con-

traindications (e.g., acute odontogenic infection). 

The examination was performed in artificial lighting, 

with the use of a dental mirror and WHO-621 periodon-

tal probe. On one side the probe was marked with 1 mm 

sections, on the other side it was marked at 3.5 mm, from 

3.5 to 5.5 mm, 8.5 and 11.5 mm, and had a 0.5 mm sphere 

end. The collected data was archived in the epidemiologi-

cal research form used in previous surveys commissioned 

by the Ministry of Health in the years 2013–2014.11 

The following information was obtained in the inter-

views: age, education (primary, intermediate, higher), in-

come per family member (up to 800 PLN, 801–1,500 PLN, 

1,501–2,500, and over 2,500 PLN), nicotine addiction 

(never smoked –  person who never smoked or  have 

smoked less than 100 cigarettes; former smoker – persons 

who used to smoke at least 1 cigarette a day, currently not 

smoking and the abstinence period is longer than 365 days; 

current smoker – person who smoke at least 1 cigarette 

a day and person who have smoked for at least 6 recent 

months), selected systemic diseases (diabetes, cardio-

vascular diseases including cardiomyopathy or stroke, 

hypertension, osteoporosis), cause of tooth loss (dental 

caries, periodontitis, other), oral health promoting be-

haviors (average number of dental appointments per year 

in the recent 5-year period, the most frequent reason to 

seek dental treatment, frequency of daily tooth brushing, 

toothbrush replacement intervals, regular cleaning of in-

terdental spaces, dental treatment funding – only in state-

financed facilities, only in private facilities, or mixed way).

Weight and height of the subjects were measured to cal-

culate the body mass index (BMI). The following aspects 

were assessed in a clinical examination: number of teeth 

(excluding the third molar teeth), number of occlusal sup-

porting zones of natural teeth or fixed prosthetic restora-

tions, plaque on vestibular and lingual surfaces (PI index 

according to O’Leary et al. was assessed) and also on in-

terdental surfaces (API index according to Lange et al.), 

bleeding on probing at 4 points around the tooth: distal-

buccal, mid-buccal, proximal-buccal and mid-lingual (in-

flammation extension index, BoP, according to Ainamo 

and Bay14), sulcus/pocket depth in 4 analogous points (av-

erage PD value for all examined sites and pockets more 

than 5 mm), and clinical attachment level – CAL (num-

ber of sites with attachment loss on interproximal surfac-

es greater than or equal to 3  mm, greater than or equal 

to 5 mm and number of gingival recession index greater 

than or equal to 3 mm).12–14 Community Periodontal In-

dex (CPI) was assessed based on the result of periodontal 

examination, and then a periodontal diagnosis was given 

in line with the recommendations of Centers for Disease 

Control and the American Academy of Periodontology 

(CDC/AAP).15–17 PEF index and its components were also 

assessed. Clinical examination of pathological lesions in 

oral mucosa was conducted (no developmental defects and 

lesions that do not require treatment were taken into ac-

count, e.g., displaced sebaceous glands or varicose veins).

All the investigators (periodontology specialists) were 

calibrated at the Department of Periodontal and Oral Mu-

cosa Diseases at the Medical University of Warsaw before 

the project started.

Mean values, medians, ranges (min–max), variances, and 

standard deviations (SD) of the assessed continuous param-

eters were calculated for all groups in descriptive statistics. 

The hypothesis of equality of means in 2 groups was verified 

with the Mann-Whitney test due to the absence of normal 

distribution, as verified by  the  Kolmogorov-Smirnov test 

with the Lilliefors correction. The hypothesis of equality of 

means in more than 2 groups was verified with the ANOVA 

variance analysis, and for groups with non-homogeneous 

variance with the nonparametric test of Kruskal-Wallis on 

ranks (variance homogeneity was checked with Levene’s 

test). For parameters that showed statistically significant 

differences in the comparison of all 3 groups, post-hoc tests 

were used (Scheffé’s contrast analysis). For discrete param-

eters, the frequency of features in groups was analyzed by 
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the 2 df test (sometimes with the Yates correction) with the 

corresponding degrees of freedom df = (m – 1)(n – 1), where 

m = number of rows, n = number of columns. For each test 

p-value < 0.05 was considered statistically significant. Statis-

tical analysis was performed with the use of STATISTICA 

v. 13.1 computer package.

Table 1. Characteristics of the study population

Variables Values

Gender
women: 

175 (52.5%)

men: 

158 (47.4%)

Education
8 y: 

72 (21.6%)

12 y: 

170 (51.1%)

16 y: 

91 (27.3%)

Income
very low: 

43 (12.9%)

low: 

138 (38.4%)

low-middle: 

105 (31.5%)

middle and high: 

57 (17.1%)

Smoking
non: 

185 (55.5%)

former: 

96 (28.8%)

smokers: 

52 (15.6%)

BMI
< 25: 

92 (27.6%)

25–30: 

145 (43.5%)

> 30: 

96 (28.8%)

Systemic diseases
diabetes: 

63 (18.9%)

cardiovascular: 

98 (29.4%)

infarction/stroke: 

41 (12.3%)

hypertension: 

160 (48%)

osteoporosis: 

38 (11.4%)

Number of teeth
13.21 ±8.3 

median: 15

persons with less than 10 teeth: 

70 (21%)

persons with more than 20 teeth: 

71 (21.3%)

Tooth loss
total: 

4920

due to caries: 

3987 (81.1%)

due to periodontitis: 

933 (18.9%)

Edentulism 47 (14.1%)

Functional masticatory 

units

4:

39 (11.7%)

3:

38 (11.4%)

2:

43 (12.9%)

1:

41 (12.3%)

0:

172 (51.6)

Prosthodontic 

treatment needs

no: 91 (27.3%)

yes: 242 (72.6%) fixed: 188 removable: 288

Dental caries
DMFT: 

17.45 ±6.49

D:

1.0 ±1.91

M:

11.97 ±7.7

F:

4.42 ±4.14

Oral hygiene

PI mean: 

50.8 ±32.2

< 20: 

59 (20.6%)

> 60: 

118 (41.2%)

API mean: 

66.7 ± 28.0

< 25: 

20 (7%)

> 70: 

124 (43.3%)

BoP
mean: 

36.6 ±26.7

< 10: 

49 (17.1)

> 50: 

75 (26.2%)

PD 2.52 ±0.71 (median 2.29)
PD > 5 mm:

88 (26.4%)

CAL
CAL ≥ 3 mm:

267 (93.3)

CAL ≥ 5 mm:

130 (45.5)

CPI
CPI0:

0

CPI1:

38 (11.4%)

CPI2:

72 (21.6%)

CPI:

85 (25.5%)

CPI4:

86 (25.8%)

Periodontitis according 

to CDC/AAP
140 (42%)

mild – 15 (4.5%)

moderate – 62 (18.6%)

severe – 63 (18.9%)

Seeking dental 

treatment

less than once a year:

105 (31.5%)

once a year: 

119 (35.7)

twice a year:

67 (20.1%)

more than 3 times a year:

42 (12.6%)

The main reason 

of dental visit

pain:

138 (41.4%)

control:

132 (39.6%)

prosthetic treatment:

46 (13.8%)

periodontal problems:

12 (3.1%)

esthetics:

5 (1.5%)

Tooth brushing per day
less than once a day:

27 (8.1%)

once a day:

67 (20.1%)

twice a day:

189 (56.7%)

more than 3 times a day:

50 (15%)

Frequency of toothbrush 

replacement 

less than once a year:

28 (8.4%)

once a year: 

47 (14.1%)

two to four times a year:

198 (59.4%)

more than four times a year:

60 (18%)

Regular flossing
no:

270 (81.1%)

yes:

63 (18.9%)

Type of payment 

for dental treatment

reimbursed services:

111 (33.3%)

private treatment:

120 (36%)

mixed:

102 (30.6%)

BMI – body mass index; BoP – Bleeding on Probing; PD – Probing Depth; CAL – Clinical Attachement Level; CPI – Community Periodontal Index; 

CDC/AAP – Center for Disease Control/American Academy of Periodontology.
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Results
The overall characteristics of the entire study group is 

shown in Table 1. The average number of the remaining 

teeth is 13.2, the proportion of people with edentulism 

is 14.1%, DMFT amounts up to 17.45, the percentage 

of people with periodontitis according to the CDC/AAP 

is 42%, including 18.9% with a  severe form. Atten-

tion is  drawn to the relatively low socioeconomic sta-

tus of  the  patients, as only 17% declare income above 

2,500 PLN per family member, and as only 27% of patients 

declare having a college degree, high prevalence of treated 

hypertension (almost half of the subjects) and cardiovas-

cular diseases, very high prosthetic needs for more than 

70% of patients, and very poor oral hygiene: only 20% 

brush their teeth correctly, and only 7% clean their inter-

dental spaces (less than 19% of seniors declare performing 

this procedure). Less than 1/3 of the subjects have regular 

dental appointments or checkups, and only 1.5% of the 

subjects wish to have their dental esthetics improved. 

For the entire group, 27 clinical diagnoses of pathological 

lesions in oral mucosa have been made. These are given 

here in descending order of frequency: denture-related 

stomatitis and hemangiomas –  21 cases; fibroma –  14; 

angular cheilitis – 10; scrotal tonque – 9; keratoses – 6; 

xerostomia and lichen planus – 5; leukoplakia and coated 

tongue –  4; candidosis, herpes labialis, smoker’s palate, 

geographic tongue, and black hairy tongue – 3; recurrent 

aphthous stomatitis, Sjögren syndrome, burning mouth 

syndrome, melanotic macules, naevi, lingua crenata, and 

papilloma – 2; gingival epulis, halitosis, papillary epithe-

lial hyperplasia, tongue cancer, leukoedema – 1.

The association between the place of residence and 

dental indicators and oral health behaviors is presented in 

Table 2. It can be seen that the number of remaining teeth 

among young seniors in Wrocław is significantly higher 

Table 2. Comparison of dental and behavioral parameters between 

inhabitants of big city (Wrocław) and town (Oława)

Dental and behavioral 
parameters

Wrocław 
(n = 256)

Oława 
(n = 77) p-value

Number 

of teeth

means 13.98 ±8.17 10.63 ±8.26 0.001

< 10 (%) 63 (24.6%) 8 (10.4%) 0.007

> 20 (%) 51 (19.9%) 19 (24.7%) 0.001

Edentulism (%) 30 (11.7%) 17 (22.07%) 0.022

Remaining min. 

2 masticatory units (%)
99 (38.7%) 21 (27.3%) 0.06

Prosthodontic treatment 

needs (%)
184 (71.8%) 58 (75.3%) 0.56

Caries

DMF 17.05 ±6.36 18.8 ±6.8 0.029

D 1.04 ±2.03 0.87 ±1.45 0.65

M 11.35 ±7.48 14.08 ±8.1 0.008

F 4.58 ±4.2 3.92 ±3.94 0.21

Probing depth means 2.55 ±0.73 2.42 ±0.63 0.15

Persons with PD > 5 (%) 72 (28.1%) 16 (20.7%) 0.19

Persons with CAL ≥ 3 (%) 207 (80.8%) 60 (77.9%) 0.57

CPI1 (%) 25 (9.8%) 13 (16.9%) 0.08

CPI3 + CPI4 (%) 134 (52.3%) 37 (48.1%) 0.51

CPI4 (%) 70 (27.3%) 16 (20.7%) 0.25

Periodontitis according to 

CDC total (%)
114 (44.5%) 26 (33.8%) 0.09

Periodontitis according to 

CDC severe (%)
53 (20.7%) 10 (12.9%) 0.12

PI 47.6 ±31.7 62.9 ±31.6 0.001

API 65.2 ±28.0 72.7 ±27.6 0.051

BoP 36.2 ±27.2 38.2 ±25.1 0.55

Regular dental appointments 

(at least once a year) (%)
178 (69.5%) 50 (64.9%) 0.45

Regular brushing (at least 

twice a day) (%)
191 (74.6%) 48 (62.3%) 0.0359

Regular flossing (%) 54 (21.1%) 9 (11.7%) 0.06

Table 3. Gender stratifi ed dental and behavioral parameters 

Dental and behavioral 
parameters

Wrocław 
(n = 256)

Oława 
(n = 77) p-value

Number 

of teeth

means 13.65 ±8.14 12.81 ±8.46 0.32

> 20 (%) 37 (23.4%) 34 (19.4%) 0.37

< 10 (%) 34 (21.5%) 36 (20.5%) 0.83

Edentulism (%) 18 (11.3%) 29 (16.6%) 0.17

Remaining min. 

2 masticatory units (%)
61 (38.6%) 59 (33.7%) 0.35

Prosthodontic treatment 

needs (%)
122 (77.2%) 120 (68.6%) 0.77

Caries

DMF 16.81 ±6.51 18.04 ±6.43 0.15

D 1.33 ±2.32 0.7 ±1.38 0.002

M 11.16 ±7.41 12.7 ±7.88 0.09

F 4.23 ±3.84 4.6 ±4.4 0.67

Probing depth means 2.62 ±0.76 2.42 ±0.66 0.008

Persons with PD > 5 (%) 51 (32.2%) 37 (21.1%) 0.021

Persons with CAL ≥ 3 (%) 129 (81.6%) 138 (78.8%) 0.52

CPI1 (%) 12 (7.6%) 26 (14.8%) 0.037

CPI3 + CPI4 (%) 88 (55.6%) 83 (47.4%) 0.13

CPI4 (%) 50 (31.6%) 36 (20.6%) 0.021

Periodontitis according to 

CDC total (%)
75 (47.5%) 65 (37.1%) 0.056

Periodontitis according to 

CDC severe (%)
36 (22.7%) 27 (15.4%) 0.087

PI 60.18 ±31.35 41.81 ±30.51 0.0000

API 75.77 ±25.15 58.15 ±28.01 0.0000

BoP 42.27 ±28.08 31.21 ±24.36 0.0005

Regular dental appointments 

(at least once a year) (%)
105 (66.4%) 123 (70.3%) 0.45

Regular brushing (at least 

twice a day) (%)
99 (62.6%) 140 (80%) 0.0004

Regular flossing (%) 13 (8.2%) 50 (28.6%) 0.0000

DMF – Decay, Missing, Filling; PD – Probing Depth; CAL – Clinical Attachement Level; CPI – Community Periodontal Index; CDC – Center for Disease Control; 

PI – Plaque Index; API – Approximal Plaque-Index; BoP – Bleeding on Probing.
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due to the greater frequency of tooth removal caused by 

caries in smaller towns. This probably leads to a greater 

prevalence of edentulism in this age group, although the 

difference in severe tooth loss (<  10) is not significant. 

The indicators of periodontitis do not differ significantly 

between residents of these 2 urban environments. Young-

er seniors from a large city are more likely to brush their 

teeth regularly, which contributes to less plaque on the 

vestibular and lingual surfaces. As  far as flossing and 

cleaning of interdental spaces are concerned, the trend 

is similar, although it is not at the level of statistical sig-

nificance. The most common pathologies of oral mucous 

membrane found among the inhabitants of  Wrocław 

are: denture-related stomatitis –  17 cases, haemangio-

mas – 16, fibroma – 12; among the inhabitants of Oława: 

hemangiomas –  5  cases, denture-related stomatitis, an-

gular cheilitis, and xerostomia –  4  cases. A  recurrence 

of tongue cancer (following removal) has been diagnosed 

in a 66-year-old female resident of Oława.

The influence of gender has been particularly visible 

in  oral health promoting behaviors (Table 3). Regular 

brushing and flossing have been found considerably more 

frequently among women, which is probably the main 

reason for the remarkably better oral hygiene and less ex-

tensive gingivitis than in men. On the other hand, among 

men the incidence of dental caries was significantly higher 

(p  =  0.002), along with periodontal indicators (deeper 

periodontal pockets, higher percentage of subjects with 

pockets deeper than 5 mm and higher percentage of sub-

ject with CPI4). Sexual dimorphism related to clinical 

dental parameters did not translate into differences in the 

number of teeth and incidence of edentulism.

The control group for the occurrence of systemic dis-

eases comprised of subjects who did not have the his-

tory of  a  systemic disease affecting oral health, in the 

light of current medical knowledge, or were not treated 

for a  long time (80 people). No statistical relationship 

between diabetes and cardiovascular diseases and the 

analyzed dental indicators and oral hygiene behavior de-

scriptors has been shown (Table 4). Considerably more 

frequent extractions of periodontal teeth and a  lower 

DMFT index were found in patients with previous myo-

Table 4. Association of dental and behavioral parameters with systemic diseases

Dental and behavioral parameters Diabetes
 (n = 63)

Cardiovascular
disease  (n = 96)

Infarction/
stroke  (n = 41)

Osteoporosis
 (n = 38)

Hypertension
 (n = 78)

Control
 (n = 80)

Number of teeth

means 11.8 ±8.0 12.2 ±8.4 11.7 ±8.8 14.6 ±8.6 14.4 ±8.2 12.8 ±8.1

> 20 (%) 9 (15.0%) 18 (18.7%) 6 (14.6%) 12 (31.5%) 16 (20.5%) 15 (18.7%)

< 10 (%) 10 (15.8%) 19 (19.9%) 5 (12.2%) 7 (18.4%) 14 (17.9%) 21 (26.2%)

Edentulism (%) 10 (15.8%) 18 (18.7%) 10 (24.4%) 4 (10.5%) 9 (11.5%) 11 (13.7%)

Caries

DMF 17.2 ±6.4 16.4 ±7.41 14.6 ±7.3a 18.0 ±6.1 17.7 ±6.5 17.8 ±6.6

D 0.97 ±1.6 0.96 ±1.0 1.09 ±2.2 0.84 ±1.5 0.8 ±1.4 1.35 ±2.5

M 12.4 ±7.3 11.6 ±8.0 9.97 ±7.5 11.9 ±8.3 11.9 ±8.0 12.1 ±7.4

F 3.6 ±3.9 3.7 ±3.8 3.6 ±3.5 5.2 ±4.9 5.0 ±4.1 4.3 ±3.9

PD

means 2.48 ±0.58 2.59 ±0.73 2.62 ±0.8 2.5 ±0.7 2.44 ±0.6 2.62 ±0.88

persons with 

PD > 5 OR 95% CI
1.15 (0.9–1.4) 1.0 (0.8–1.07) 1.07 (0.9–1.3) 0.92 (0.8–1.1) 1.07 (0.9–1.3) Ref.

Persons with CAL ≥ 3 OR 0.96 (0.8–1.1) 0.93 (0.9–1.0) 0.95 (0.8–1.1) 1.02 (0.9–1.1) 1.05 (0.9–1.1) Ref.

Periodontitis as cause of tooth loss 3.69 ±6.9 4.2 ±7.4 6.27 ±9.2b 1.42 ±4.1 1.59 ±5.3c 3.0 ±4.7

CPI

CPI0 OR 95% CI 0.96 (0.6–1.5) 0.76 (0.5–1.2) 0.79 (0.4–1.5) 0.99 (0.5–1.3) 1.35 (0.8–2.3) Ref.

CPI3 OR 95% CI 1.08 (0.8–1.5) 0.99 (0.7–1.4) 1.13 (0.7–1.9) 0.97 (0.6–1.6) 1.29 (0.9–1.9) Ref.

CPI4 OR 95% CI 0.88 (0.6–1.2) 1.06 (0.6–1.8) 0.83 (0.4–1.6) 1.01 (0.5–2.2) 0.93 (0.5–1.7) Ref.

Periodontitis according to CDC/AAP 

Severe OR 95% CI
1.17 (0.3–4.5) 2.19 (0.7–6.8) 2.48 (0.5–11.4) 1.14 (0.3–4.3) 0.18 (0.04–0.76) Ref.

Oral hygiene
PI 56.8 ±32.0 50.2 ±32.3 48.4 ±32.4 40.7 ±29.7 51.9 ±29.8 52.4 ±33.2

API 67.2 ±27.9 70.5 ±27.3 68.7 ±29.3 54.7 ±28.8d 65.7 ±25.8 68.3 ±27.2

BoP 38.7 ±29.3 39.7 ±27.5 42.0.7 ±28.6 40.4 ±28.1 33.7 ±24.9 38.3 ±29.2

Regular dental appointments 

(at least once a year) OR
1.16 (0.8–1.6) 1.25 (0.9–1.7) 1.14 (0.7–1.8) 1.22 (0.8–1.8) 0.87 (0.6–1.2) Ref.

Regular brushing 

(at least twice a day) OR
0.88 (0.6–1.4) 1.05 (0.9–1.7) 1.1 (0.7–1.8) 0.8 (0.5–1.3) 1.25 (0.8–1.9) Ref.

Regular flossing OR 1.29 (0.5–3.3) 2.01 (0.8–5.1) 2.44 (0.6–9.5) 0.3 (0.1–0.84) 0.42 (0.2–1.1) Ref.

DMF – Decay, Missing, Filling; PD – Probing Depth; CI – Confidence Interval; CAL – Clinical Attachement Level; OR – Odds Ratio; CPI – Community Periodontal Index; 

CDC/AAP – Center for Disease Control/American Academy of Periodontology; PI – Plaque Index; API – Approximal Plaque-Index; BoP – Bleeding on Probing. 
a p = 0.027; b p = 0.049; c p = 0.026; d p = 0.013.
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cardial infarction or stroke. Osteoporosis patients showed 

significantly better hygiene in interdental spaces as a re-

sult of significantly more frequent regular cleansing, pos-

sibly related to female gender. Furthermore, patients with 

hypertension underwent a  lower number of periodontal 

teeth removals, and they rarely had severe periodontal 

disease according to CDC/AAP.

The analysis of the relationship between smoking and 

body weight and clinical dental exponents and selected 

oral health related behaviors of the examined subjects 

is presented in Table 5. No significant relationship was 

found between body mass stratification in line with BMI 

and dental and behavioral parameters. Still, there has been 

shown a  significant negative impact of current tobacco 

dependence on the reduction of the number of teeth and 

the presence of more than 20 teeth (functional denti-

tion), dental caries exponents (higher number of cavities 

and a  lower number of fillings), periodontal parameters 

(higher mean pocket depth and the percentage of subjects 

with pockets deeper than 5 mm, more frequent occur-

rence of 3 mm CAL, more frequent occurrence of severe 

periodontitis according to CDC/AAP and CPI4 Code, 

and less frequent occurrence of CPI0 Code), and oral hy-

giene (higher mean PI and API scores). Current nicotine 

addicts also showed significantly worse oral health atti-

tudes by comparison to non-smokers (less frequent regu-

lar tooth brushing and interdental spaces cleaning). Also, 

in  the  former nicotine addicts, there was a  persistence 

of  significantly worse clinical indicators related to  oral 

health compared to those of non-smokers: significantly 

lower (by almost 3 teeth) average number of teeth, higher 

number of subject with severe tooth loss (< 10) and lower 

number of  subjects with remaining functional dentition 

(>  20) and lower number of  fillings. Current smokers, 

by  comparison with the former ones, had significantly 

more dental caries defects as well as a higher mean PD.

Table 5. Association of dental and behavioral parameters with smoking and body mass index 

Dental and behavioral parameters
Smoking BMI

current 
(n = 52)

past 
(n = 96)

never 
(n = 185)

obese 
(n = 96)

overweight 
(n = 145)

normal 
(n = 92)

number of teeth

means 11.8 ±8.01 11.6 ±7.8a 14.4 ±8.5 12.5 ±8.7 14.0 ±7.5 12.7 ±9.0

> 20 (%) 6 (11.5%)b 14 (14.6%)c 51 (27,6%) 18 (18.7%) 29 (20%) 24(26%)

< 10 (%) 10 (19.2%) 27 (28.1%)d 33 (17.8%) 20 (20.8%) 33 (22.7%) 17(18.5%)

Edentulism (%) 10 (19.2%) 13 (13.5%) 24 (12.9%) 17 (17.7%) 12 (8.3%) 18(19.6%)

Caries

DMF 17.5 ±7.4 18.3 ±6.6 17.0 ±6.3 17.6 ±6.9 17.2 ±6.2 17.7 ±6.6

D 1.88 ±2.6ef 1.08 ±2.3 0.71 ±1.3 0.89 ±1.5 1.16 ±1.9 0.85 ±2.2

M 12.4 ±8.3 13.4 ±7.4 11.1 ±7.6 12.5 ±8.0 11.5 ±7.2 12.3 ±8.1

F 3.25 ±3.2g 3.7 ±3.7h 5.1 ±4.6 4.1 ±4.4 4.6 ±3.8 4.5 ±4.4

PD

means 2.94 ±0.89ij 2.56 ±0.71 2.39 ±0.61 2.54 ±0.63 2.49 ±0.7 2.55 ±0.81

persons with 

PD > 5 OR 95% CI
177.5k 145.4 133.6 143.5 142.1 145.9

Persons with CAL≥3 OR 173.8l 149.1 132.7 145.1 143.0 142.6

Periodontitis as cause of tooth loss 3.84 ±7.5 2.95 ±6.3 2.42 ±5.9 3.04 ±4.8 2.51 ±5.9 3.01 ±6.4

CPI

CPI0 OR 95% CI 102.2m 132.5 156.4 143.4 138.4 145.0

CPI3 OR 95% CI 165.2 136.5 137.7 144.1 143.5 135.2

CPI4 OR 95% CI 177.5n 141.0 132.7 139.2 142.0 143.1

Periodontitis according to CDC/AAP 

Severe OR 95% CI
166.5o 148.2 135.1 144.6 142.1 144.9

Oral hygiene
PI 65.7 ±32.4p 54.4 ±32.8 45.0 ±30.5 57.3 ±32.7 48.2 ±31.4 48.5 ±32.6

API 79.2 ±26.0r 66.9 ±29.7 63.5 ±26.9 70.0 ±28.7 65.3 ±28.6 66.0 ±26.5

BoP 43.7 ±27.8 38.1 ±26.4 34.0 ±26.5 39.9 ±29.4 36.3 ±24.4 33.7 ±28.0

Regular dental appointments 

(at least once a year) OR
155.9 155.5 176.1 158.2 173.1 166.6

Regular brushing 

(at least twice a day) OR
140.0 160.2 178.1s 164.9 163.6 174.6

Regular flossing OR 154.7 158.0 175.1t 163.3 164.2 175.3

DMF – Decay, Missing, Filling; PD – Probing Depth; CI – Confidence Interval; CAL – Clinical Attachement Level; OR – Odds Ratio; CPI – Community Periodontal Index; 

CDC/AAP – Center for Disease Control/American Academy of Periodontology; PI – Plaque Index; API – Approximal Plaque-Index; BoP – Bleeding on Probing.
a p = 0.0022 vs never; b p = 0.0171 vs never; c p = 0.014 vs never; d p = 0.046 vs never; e p = 0.0004 vs never; f p = 0.046 vs past; g p = 0.014 vs never; 
h p = 0.022 vs never; i p = 0.0000 vs never; j p = 0.015 vs past; k p = 0.0008 vs never; l p = 0.0056 vs never; m p = 0.0002 vs never; n p = 0.001 vs never; 
o p = 0.0066 vs never; p p = 0.0008 vs never; r p = 0.005 vs never; s p = 0.012 vs current; t p = 0.039 vs current. 
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Table 6 contains the results of an analysis show-

ing the crucial influence of social and economic factors 

(education, income and dental treatment type – public/

private) on the number of teeth. All 3  factors had a sig-

nificant influence on  the average number of remaining 

teeth, the  presence of  more than 20 teeth, the propor-

tion of edentulism, and the number of teeth removed for 

cariological and periodontal reasons. In each case, these 

indicators are by far the worst in  subjects treated only 

in public health care facilities, with the lowest income 

per family member, and with primary education only. 

Socioeconomic factors did not significantly affect car-

ies (the number of D and DMFT, except for the one sig-

nificantly lower in patients treated privately, but this was 

due to caries-related extraction) and periodontal disease 

(PD, CAL, CPI codes and diagnosis of periodontitis ac-

cording to CDC/AAP). It has also been found that these 

determinants have a significant influence on health pro-

moting behaviors. The higher the income, education and 

self-paid dental treatment, the better the standard of oral 

hygiene, the smaller the extent of gingivitis, the more fre-

quent dental treatment, and the more frequent brushing 

and cleaning of interdental spaces.

Discussion 
Only 3  Polish cross-sectional studies on oral health 

of persons aged 65 to 74 years have been found in the avail-

able medical literature from the last decade.18–20 The sam-

Table 6. Association between socioeconomic factors/type of dental service and dental/ behavioral parameters 

 Dental and behavioral parameters
Education Income Dental service

8y:
 (n = 72)

12y:
 (n = 170)

min. 16y: 
(n = 91)

Lowest:
 (n = 43)

Medium:
 (n = 233)

High:
 (n = 57)

Reimb.:
 (n = 111)

Private:
 (n = 120)

Number of teeth

means 9.94 ±8.4 12.5 ±8.1 17.08 ±7.1ab 7.93 ±7.9 14.6 ±7.8a 17.7 ±6.9bc 8.26 ±7.9 17.37 ±7.2a

> 20 (%) 9 (12.5%) 30 (17.6%) 32 (35,1%)cd 3 (6.9%) 45 (19.3%) 23 (40.3%de 9 (8.1%) 47 (39.2%b

< 10 (%) 18 (25%) 40 (23.5%) 12 (13.1%) 11 (25.6%) 52 (22.3%) 7 (12.2%) 31 (27.9%c 17 (14.2%)

Edentulism (%) 18 (25%)e 25 (14.7%)f 4 (4.3%) 15 (34.8%fg 31 (13.3%)h 1 (1.7%) 35 (31.5%d 5 (4.1%)

Caries

DMF 18.1 ±7.6 17.7 ±6.5 16.46 ±5.4 17.7 ±8.3 17.2 ±5.6 16.12 ±5.9 18.8 ±8.1e 16.4 ±5.5

D 1.23 ±2.0 0.87 ±2.0 1.07 ±1.6 1.44 ±3.4 0.87 ±1.5 0.85 ±1.6 1.28 ±2.3 0.88 ±1.6

M 13.9 ±8.8g 12.4 ±7.6h 9.6 ±6.3 14.1 ±9.1i 11.3 ±6.9 9.2 ±6.7 15.1 ±8.7f 9.4 ±6.7

F 2.97 ±3.7 4.4 ±4.2i 5.6 ±3.9j 2.18 ±3.0 4.96 ±4.2j 5.92 ±3.9k 2.36 ±3.3 6.01 ±4.5g

PD

means 2.55 ±0.7 2.5 ±0.7 2.55 ±0.76 2.74 ±0.94 2.46 ±0.63 2.61 ±0.88 2.55 ±0.75 2.54 ±0.78

persons with 

PD > 5 OR 95% CI
147.5 138.6 149.2 98.9 85.4 96.7 133.9 151.0

Persons with CAL ≥ 3 OR 143.5 140.1 149.2 94.2 86.8 96.6 137.8 149.3

Periodontitis as cause of tooth loss 4.14 ±7.72k 3.05 ±6.52 1.28 ±3.9 5.93 ±9.1l 2.1 ±4.9 0.98 ±4.1 4.62 ±8.1h 1.2 ±4.1

CPI

CPI0 OR 95% CI 129.2 140.6 150.6 79.4 90.6 92.5 127.6 152.7i

CPI3 OR 95% CI 135.8 137.6 151.5 85.4 84.4 100.4 129.3 144.5

CPI4 OR 95% CI 142.6 137.5 147.4 93.6 85.1 95.3 131.7 149.9

Periodontitis according to CDC/AAP 

Severe OR 95% CI
149.1 143.6 139.9 100.1 90.6 87.2 144.0 141.8

Oral hygiene
PI 59.7 ±32.4l 51.5 ±32.2 44.0 ±30.9 69.1 ±26.5mn 46.2 ±31.8 44.3 ±31.2 62.1 ±34.0j 46.8 ±28.8

API 72.5 ±29.4 66.5 ±27.9 63.6 ±27.0 81.5 ±20.4op 63.7 ±29.3 62.7 ±22.7 75.3 ±27.2k 60.9 ±26.1

BoP 48.6 ±30.4mn 34.6 ±25.4 32.5 ±24.7 54.0 ±33.0rs 34.6 ±25.0 31.6 ±24.5 44.4 ±30.0l 33.7 ±27.3

Regular dental appointments 

 (at least once a year) OR
124.8 171.7o 191.5p 72.8 106.6 119.2t 119.6 202.0m

Regular brushing 

 (at least twice a day) OR
126.3 173.5r 187.1s 81.5 106.5 112.9u 131.3 191.3n

Regular flossing OR 142.4 166.8 186.7t 83.8 106.8 110.3w 143.0 184.1o

DMF – Decay, Missing, Filling; PD – Probing Depth; CI – Confidence Interval; CAL – Clinical Attachement Level; OR – Odds Ratio; CPI – Community Periodontal Index; 

CDC/AAP – Center for Disease Control/American Academy of Periodontology; PI – Plaque Index; API – Approximal Plaque-Index; BoP – Bleeding on Probing
a p = 0.0000 vs 8y; b p = 0.0000 vs 12y; c p = 0.001 vs 8y; d p = 0.001 vs 12y; e p = 0.0003 vs 16y; f p = 0.02 vs 16y; g p = 0.001 vs 16y; h p = 0.0017 vs 16y; 
i p = 0.045 vs 8y; j p = 0.0002 vs 8y; k p = 0.0156 vs 16y; l p = 0.018 vs 16y; m p = 0.002 vs 8y; n p = 0.004 vs 12y; o p = 0.002 vs 8y; p p = 0.0000 vs 8y; 
r p = 0.003 vs 8y; s p = 0.0000 vs 8y; t p = 0.001 8y; 
a p = 0.0000 vs lowest; b p = 0.0000 vs lowest; c p = 0.045 vs medium; d p = 0.0004 vs lowest; e p = 0.0008 vs medium; f p = 0.0000 vs high; g p = 0.0005 vs medium; 
h p = 0.024 vs high; i p = 0.005 vs high; j p = 0.0006 vs lowest; k p = 0.0000 vs lowest; l p = 0003 vs medium high; m p = 0.003 vs high; n p = 0.0031 vs medium; 
o p = 0.015 vs high; p p = 0.012 vs medium; r p = 0.0013 vs high; s p = 0.0032 vs medium; t p = 0.002 vs lowest; u p = 0.01 vs lowest; w p = 0.003 vs lowest; 
a p = 0.0000; b p = 0.0000; c p = 0.01; d p = 0.0000; e p = 0.009; f p = 0.0000; g p = 0.0000; h p = 0.0002; i p = 0.023; j p = 0.0001; k p = 0.0001; l p = 0.0082; 
m p = 0.0000; n p = 0.0000; o p = 0.0000 
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ple size in our own study was the highest. All observations 

were made among the inhabitants of cities (Wrocław, 

Oława, Szczecin, Police, Białystok, Lublin), and in-

habitants of rural areas were included only in  the Lub-

lin survey.18 The average number of teeth in young se-

niors in Wrocław was similar to the average in Białystok 

(13.21  vs  13.36) and significantly higher than in Lublin 

(only 7.8 in persons over 60 years of age – 7.0 in rural 

areas).18,19 The proportion of persons with remain-

ing chewing function (>  20 teeth) was highest in  West 

Pomeranian Voivodship (35.7%), compared to 27.8 

in Białystok and 21.3% in own research.19,20 The percent-

age of people with edentulism was by far the highest 

in the Lublin area (49.9% in persons over 60 years of age), 

compared to 14.1% in Wrocław, 12.5% in Białystok, and 

11.9% in West Pomeranian Voivodship.18–20 In Białystok, 

the average number of remaining teeth was noticeably 

higher in men and the proportion of edentulism was 

higher in women;19 in Wrocław these values were similar, 

although not statistically significant. In the Lublin area, 

the number of  remaining teeth was significantly higher 

in men as well.18 

The place of residence and education significantly 

influenced the number of remaining teeth in the area 

of Wrocław and Lublin (the protective effect of a large city 

and higher education).18 Some similarities related to den-

tal caries were found in West Pomeranian Voivodship, the 

average DMFT index in persons treated exclusively in pri-

vate facilities was 20.06 (D – 0.9, M – 9.7 and F – 9.43), 

compared to 16.4 in the Wrocław area (D – 0.88, M – 9.37 

and F – 6.29).20 The comparison of periodontal status be-

tween residents of Białystok and Wrocław indicates a rath-

er worse condition in young seniors in the capital of Low-

er Silesia (BoP 36.2% vs 26.7%, mean PD 2.55  vs  2.13, 

CPI0 0% vs 8.3%, CPI3 + CPI4 52.3% vs 40%).19 

The oral hygiene status in the residents of both cities 

is equally bad (the proportion of persons who brush their 

teeth properly is 21% in Wrocław and 14.3% in Białystok; 

the proportion of persons who clean their interdental spac-

es properly is 7.4% in Wrocław and 12.7% in  Białystok). 

In both cities, the periodontal status was generally worse 

in men, while in Wrocław it was more often at the level 

of statistical significance. The analysis of recent nationwide 

oral health surveys among persons aged 65 to 74 years in-

Table 7. Comparison of selected regional cross-sectional studies 

conducted in young seniors

Dental and behavioral 
parameters

INVEST21,22

(Whites 133)
SHIP22,23

(n = 554)
Turin24

(n = 191)
Wrocław
(n = 333)

Age (means or intervals) 70.8 ±6.9 65–74 60–75 69.53 ±2.74

Female (%) 57.4 50% 52.3 52.5

Number of teeth (means) 19.0 10.6a 20.62 13.21 ±8.3

Edentulism (%) 10.1 15.8 1 14.1

Probing depth 

persons with 

PD > 5

means 2.2 2.8a ND 2.52 ±0.71

(%) 30.1 28.1 ND 26.4

CAL

persons with 

CAL ≥ 3 (%)
ND 99.4 ND 93.3

persons with 

CAL ≥ 5 (%)
63.0 80.2 ND 45.5

Periodontitis 

acc. to 

CDC/AAP

moderate

(%)
43.7 52.3 36.1 18.6

severe 

(%)
14.3 30.0 51.3 18,9

Current smokers (%) 7.4 13.7a 23.5 15,6

Obesity acc. BMI (%) 30.25 33.1a ND 28.8

Diabetes (%) 13.9 18.2a 5.8 18.9

BoP 22.1 43.3a ND 36.6 ±26.7

Regular brushing 

(at least twice a day) (%)
73.2 78.8a ND 71.7

Regular flossing (%) 55.6 31.5a ND 18.9

Response rate (%) 70% 50.1 47% 12.8

ND – no data; 
a data from SHIP conducted in 1997–2001. 

Table 8. Comparison of selected oral health behaviours among seniors in regional and national studies 

Study and year
Regular 

dental appointment 
(at least once a year)

Regular 
tooth brushing 

(at least twice a day)

Regular usage 
of inter-dental care 
devices (every day)

Other 
details

National 

studies

Poland31

2013–2014

N = 807

age: 65–74
78.2% 76.2% 17.2% ND

Germany10

2005

N = 787

age: 65–74
88.8% 80% 41.7%

electric toothbrush

– 18.3%

USA50

2009–2012

N = 897

age: 65–74
76.3% ND 75%

dental implants

– 5.1%, 0.13 pro p

Regional 

studies

Wrocław Region

2017

N = 333

age: 65–74
68.4% 71.7% 18.9%

dental implants

– 1.5%, 0.045 pro p

Pisa (Italy)58

2011

N = 350

age >53
70% 77% 27%

electric toothbrush

– 32%

Washington and Oregon59 

2008-2011

N = 368

age >60
ND 63.3 79.9% ND

Carlos Barbosa (Brazil)60 

2004

N = 388

age >60
12.3%

82.9%

(1 per day)
56.4% ND

ND – no data. 
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dicates that there are notable differences between country 

regions, especially with regard to the number of remaining 

teeth and prevalence of edentulism.

Three comparable, most closely related foreign cross-

sectional studies in oral hygiene among young seniors 

were chosen (Table 7). Infection and Vascular Disease Ep-

idemiology Study (INEST) was conducted in 1999–2003 

among New Yorkers residing within Northern Manhat-

tan.21 The examination was performed around maximum 

28  teeth, at 6  assessment points (full-mouth estimates). 

Due to the significant racial differences, only data re-

garding Caucasian subjects was included in the analysis. 

Study of Health in Pomerania (SHIP) was conducted 

in Germany in 1997–2001 and 2008–2012, among racially 

homogeneous inhabitants of urban and rural areas in the 

north-eastern region of the country.22,23 The dental ex-

amination was performed around maximum of 14 teeth, 

at 4 assessment points (half-mouth recording). The Ital-

ian survey was conducted in 2009–2010 in line with a full-

mouth protocol among 3-tier randomly selected group 

of Turin residents (northern Italy).24 

Attention is drawn by low representativeness of own 

research. There is also a noticeable difference in the num-

ber of remaining teeth (from 10.6 to 20.6), the propor-

tion of toothless persons (1 to 15.8%), and the periodontal 

parameters such as prevalence of severe periodontitis ac-

cording to CDC/AAP ranging from 14.3 to 51.3 in the ex-

amined population. Exposure to systemic (co-occurrence 

of cardiovascular and cerebrovascular diseases, diabetes, 

hypertension) and behavioral factors (nicotine and obesi-

ty) was similarly high in the compared populations. Poles 

still display the lowest level of oral hygiene procedures. 

The differences found in the study are probably partly due 

to differences in the methodology of dental examination, 

and the periodontal exponents are related to the number 

of remaining teeth. However, such notable gradients must 

also have other factors, e.g., socioeconomic.

In own observation, dental caries were the main medi-

cal cause of tooth loss (81% of all teeth and an average 

of 12 teeth per patient were removed due to cariological 

indications). This regularity can be explained by the co-

hort effect related to people born in the 1940s, who for 

decades were exposed to “extraction dentistry” stemming 

from prevailing Eastern European theories of infection 

foci and incorrect behavior of medical personnel and 

health promoting behavior of the population. For  ex-

ample, in the national Hungarian study, the median M 

in the DMFT index was 18.9 in the 65–74 age group and 

9.07 in the 45–64 age group.25 In the 21st century, there 

is  a  visible global and local trend for the number of re-

maining teeth to increase and to reduce the proportion 

of edentulism. This is indicated by local cohort studies 

in young seniors, e.g., 5-year cohort study of Swedes from 

Orebro and Ostergotland from 1992–2012, or 5-year 

German cohort related to SHIP study in 2002–2006, 

and cross-sectional national research, e.g., the American 

study from 1957 to 2012 and the British one from 1988 

and 2009.26–29 This is also confirmed by national Polish 

studies: the average number of teeth and the percentage 

of edentulism in the group of 811 Poles aged 65–74 years 

from all voivodships were 6.3 and 41.6%, respectively, and 

in the group of 807 persons from 5 voivodships these val-

ues were at the level of 13.7 and 28.9%.30,31

This trend cannot be explained only by favorable chang-

es in the main medical conditions: dental caries and peri-

odontitis (the morbidity of periodontitis does not decline 

in the best case scenario!). Our study shows that the aver-

age number of remaining teeth was affected by the follow-

ing factors (given in descending order of strength degree): 

personal income, type of dental treatment funding, edu-

cation and place of residence. There were no statistically 

significant effects of gender, assessed systemic diseases 

and body weight. With respect to functional dentition, 

the influence of income, type of dental treatment funding, 

education, nicotine addiction, and place of residence was 

the strongest. There is a significant correlation between 

the prevalence of edentulism and personal income, type 

of dental treatment funding, education, and place of resi-

dence. Multivariate analysis models including confound-

ers confirm our own observations. In  the SHIP cohort 

study, the incidence of tooth loss was in a significant and 

most escalating relationship to current nicotine addiction, 

education period shorter than 10 years, fourth quartile 

of BMI, and the low est personal income threshold (given 

in descending order).27 A  Norwegian telephone survey 

showed that the number of remaining teeth amounting 

to at least 20 statistically was in the strongest relation-

ship with regular dental appointments, highest personal 

income, complete abstinence from smoking, and living in 

the city.32 The probability of edentulism was significantly 

correlated with asthma, primary education and smoking 

in the past (income was defined by the level of  wealth, 

quite diverse in the analyzed studies from 6 countries).33 

Therefore, the social-economic gradient greatly influenc-

es the number of remaining teeth. The impact of income 

(personal or family) seems most clear, which is confirmed 

by a meta-analysis showing a cumulative odds ratio of 1.66 

(with confidence interval of 1.48–1.86) only after it was 

adjusted for potential confounders in  8  contemporary 

surveys regarding the association between lowest income 

bracket and tooth loss.34 High income may indirectly af-

fect the quality of dental treatment and tooth preserva-

tion strategies, and is linked, as a rule, to better education 

and more appropriate oral health behaviors (regular den-

tal treatment, follow-up visits, greater availability of oral 

hygiene products). On  the other hand, absence of own 

financial means for dental treatment restricts access to 

medical procedures (sometimes subjects seek only pain-

reducing extraction) and exerts a negative psychological 

effect upon the decision to have a  dental appointment. 

Using only private dental care allows patients to seek 

conservative dental treatment (in Polish conditions this 
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may be endodontic treatment of back teeth, permanent 

prosthetic restorations, or periodontal surgery). Although 

own findings and the observations of other authors con-

firm the dependence of the dental status on education, the 

observed shift which sometimes occurs of such a relation-

ship to a non-significant level together with adjusting for 

potential confounders (e.g., income, nicotine addiction, 

cleansing of interdental spaces) may indicate that the ef-

fect of educational gradient is not causal and works exclu-

sively through other factors.26–28,32,33

Our findings and the observations of other authors 

confirm unequivocally the influence of tobacco addic-

tion on the decline in the number of teeth.26,27,32,35,36 

Gathered evidence indicates that the nature of this rela-

tionship is causal and does not depend on other factors.35 

The strength of this relationship compound is moderate 

(greater in  men), and there is a  dose-response relation-

ship. Biologically, the base of this relationship is the well-

known effect of  nicotine upon periodontal supportive 

tissues and upon the development of dental caries and 

its fostering of microbiological shift towards periopatho-

gens. The negative impact of former nicotine addiction 

on the number of teeth is also noticeable by comparison 

with non-smokers – in own studies former smokers had 

a  significantly lower average number of teeth and they 

were more often diagnosed with tooth loss (below 10) 

also fully functional dentition was found less frequently. 

The risk of tooth loss due to nicotine addiction diminish-

es gradually, reaching a level comparable to non-smokers 

only after 20 years.36

Our studies show a higher number of teeth in men (13.65 

vs 12.81, prevalence of functional dentition higher by 4%) 

and the proportion of edentulism higher by 5.3% in women. 

These differences were not statistically significant. The sig-

nificance of these differences in contemporary studies of 

Białystok inhabitants aged 65 to 74 years has been shown 

by Sulewska et al.19 Polish national studies show a visible 

tendency to blur the gender impact on the number of teeth 

(in 2002 the average number of remaining teeth was higher 

by more than 2 in men, and the proportion of edentulism 

was higher by 7.6% in women; in 2014 the differences were 

1.6 and 3%, respectively).30,31 The  findings of foreign au-

thors are controversial in this regard, as some do not report 

any notable sexual dimorphism in terms of dental status 

while others prove it.24,27–29,33,37 This may indicate a region-

al specificity in this regard.

No significant link has been found between the number 

of teeth and the selected systemic diseases (diabetes, car-

diovascular disease, myocardial infarction, stroke, osteo-

porosis, and hypertension) in the inhabitants of Wrocław. 

Presumably, this is due to the small sample size.

A notable influence of diabetes upon the number 

of  teeth was shown in the population of over 70,000 

American diabetics aged more than 65 years.38 The im-

portant relationship between the number of remaining 

teeth and mortality, irrespective of medical, social and 

economic factors, was determined by observing 4 cohorts 

of over 1,800 Swedes aged over 70 years.39 The findings 

regarding tooth loss as an independent weak risk factor 

for stroke was made on the basis of a survey of more than 

13,000 Americans aged over 60 years.40

In young seniors in Wrocław, no meaningful relationship 

was found between body mass expressed by BMI index and 

number of teeth. This is consistent with the observations 

of the Brazilian authors.41 Also, Ostberg et al. did not ob-

serve any significant relationship between tooth loss and 

general and abdominal obesity in individuals over 60 years 

of age.42

The DMFT index for the whole group of young seniors 

in Wrocław is 17.45, and the main component determin-

ing its height is the cariologic extraction, with an aver-

age of 12 teeth per person. Only 1  reference point has 

been found in the available contemporary Polish litera-

ture: DMFT value 16.31 (DT 2.95, MT 10.91 and FT 2.45) 

in a regional study of men from Białystok.43 The compari-

son with an analogous indicator of dental caries in males 

from Wrocław shows a similarly high frequency of tooth 

removal due to caries, a lower number of teeth with ongo-

ing disease, and twice as many filled teeth. The comparison 

of the DMFT index of the last 5 national German studies 

for this age group (17.7: DT 0.5, MT 11.1 and FT 6.1) in-

dicates better control and treatment of caries in German 

seniors.44 The lowest DMFT index values in own studies 

were shown in individuals with the highest personal in-

come – 16.12, and in persons treated exclusively in private 

practices – 16.4 (in this group the number of filled teeth 

is also the highest – 6.1). The effect of the socioeconomic 

gradient on the indicators of caries was confirmed. An-

other significant element was the increasing influence 

of male gender, living in a small town and an active (and 

former, in the case of the number of fillings) tobacco ad-

diction upon the indicators of caries. In a systematic con-

temporary review of the literature on nicotine-carcinoge-

nicity, only 1 study was conducted among the elderly who 

had a  significantly higher DMFT index value at the age 

of 75, and MS value in current smokers by  comparison 

to persons who have never smoked at the age of 65 and 

75.45 One of the factors that may aggravate the develop-

ment of caries (also in root) in the elderly may be the ef-

fect of polypragmia causing reduced saliva secretion.

In own research the full-mouth estimates methodol-

ogy was used with a modification of 4 assessment points. 

It is now considered to be the gold standard for epide-

miological study of periodontal condition, and it allows 

for referring to the definition of periodontitis based on 

PD and CAL measurements. This methodology has been 

proposed in the USA and currently it is used exclusively in 

epidemiological studies,whereas in Europe it is only now 

introduced.16,17,21,24,46 Eke et al. have shown that the use of 

a periodontal examination protocol other than a compre-

hensive oral examination may lead to underestimating the 

morbidity of periodontitis even by 50%.16
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In our study, the negative effect of male gender (higher 

average PD, the proportion of persons with PD > 5 mm, 

lower proportion of males with CPI1 and higher with 

CPI4) and current nicotine addiction (higher average PD, 

higher proportion of persons with PD >  5  mm, higher 

proportion of persons with CAL ≥  3  mm, lower aver-

age number of sextants with CPI0, higher average num-

ber of  sextants with CPI4, more frequent occurrences 

of periodontitis according to CDC/AAP) upon periodon-

tium was confirmed. These are the standard risk factors 

for periodontal inflammation and they are generally found 

to be consistent in contemporary literature on both re-

gional, but primarily on national research.10,22,31,46–49 More 

controversial is the influence of sexual dimorphism upon 

the morbidity of periodontitis in people over 65 years old. 

There are few observations that do not confirm the worse 

clinical condition of male seniors.24 Eke et al. in recent 

American national studies have observed the differen-

tial blurring of differences among sexes in periodontitis 

prevalence as defined by the CDC/AAP, which has been 

explained by the postmenopausal condition of  women, 

when estrogen deficiency increases destructive processes 

within the periodontium.46 It should be borne in mind 

that the negative impact of the male gender may result 

from other factors associated with it, such as more fre-

quent tobacco addiction or considerably worse oral hy-

giene (confirmed by own studies). The impact of the cur-

rent tobacco addiction upon the development and clinical 

course of periodontitis is clear and strong. In our own 

observations, this was the only factor closely related to 

severe periodontitis according to the CDC/AAP. There 

is general agreement as to the causal nature of existing 

nicotine addiction in the development of periodontitis 

(the compatibility of many studies, the moderate strength 

of the dose-response effect, reversibility). Particularly 

important is the information on the fast disappearance 

of the negative effects of nicotine on the periodontium af-

ter quitting,which strengthens the importance of minimal 

anti-nicotine intervention in the secondary prevention 

of periodontal inflammation.50 Particularly dangerous for 

the periodontium is the persistence of nicotine addiction 

in postmenopausal women, in whom its interaction with 

osteoporosis exerts a synergistic effect on the resorption 

of alveolar bone.46 In the future, a gradual improvement 

in the condition of the periodontium should be expected, 

resulting from the decline of the population of tobacco 

addicts (most frequently the elderly quit smoking after 

a sudden medical event).

The strength of the link between periodontal disease 

and systemic diseases is most often poor, at the limit 

of importance after adjusting the risk for confounding, 

which is particularly true for the elderly population due 

to frequent co-morbidity. The meta-analysis of 5 cohort 

studies involving 86,092 people indicated a  significant 

increase in the risk of developing coronary heart disease 

during periodontitis, but only by 14%.51

Dietrich et al. analyzed 12 or more cohort and clini-

cal control studies and reported weak or moderate (risk 

score was generally not greater than 2) strength of the 

relationship between periodontitis and incidents of ath-

erosclerotic cardio-cerebrovascular disease, which was 

attenuated to irrelevant in people over 65 years of age.52 

In this context, it is understood that there is no significant 

relationship between the periodontal status and systemic 

diseases analyzed in the elderly population in Wrocław. 

The  only exception were more frequent extractions 

of  teeth due to periodontal indications in patients with 

previous myocardial infarction or stroke (which should 

not be negatively assessed). The absence of a notable as-

sociation with periodontal indicators was also related to 

the most common disease in the studied population – hy-

pertension (only 78  out of 160 hypertension cases were 

included in  the  study, as the remaining ones co-existed 

with the assessed systemic diseases). The observation 

of  the rare occurrence of severe periodontitis according 

to CDC/AAP in this group of individuals appears to be 

accidental. Opinions on the relationship between oral 

health and hypertension are divergent. The meta-analysis 

of 12 cross-sectional studies, including those adjusted for 

confounder risk measures, indicated a considerable 16% 

increase in risk of hypertension occurrence in the pres-

ence of  periodontitis.53 In contrast, in a  9-year cohort 

study of 5,895 subjects aged 65 years and over, no signifi-

cant correlation was found between the dental parameter 

and hypertension.54 In own assessment, no statistically 

significant relationship between periodontal condition 

and body weight was observed. This is in line with other 

authors’ observations.22,47,50,55 Even in the meta-analysis 

which shows a  significant relationship between clinical 

indicators of periodontitis and obesity, it is observed that 

in the elderly this relationship is weaker, which is associ-

ated with the inability to control all factors that interfere 

with these observations (diabetes, metabolic syndrome, 

nicotine, gender, oral hygiene).56

In own analysis, socioeconomic factors, beside their 

influence upon extraction decisions due to periodon-

tal indications, were not significantly related to clinical 

parameters and periodontal diagnoses in line with CPI 

and CDC/AAP. This observation is in opposition to the 

findings of most national studies.46–50 This is particular-

ly evident in American studies, where, apart from clas-

sical factors in the form of income and education, very 

diverse racial-ethnic factors come into play, even along 

with marital status (with biggest negative impact upon 

the divorced) and the frequency of dental appointments, 

with worse condition of the periodontium in more often 

treated subjects.16,46,50 The latter seemingly astonishing 

observation stems from the fact that American seniors 

seek periodontal treatment. This has also become evident 

in recent national German studies reporting an increasing 

tendency among young seniors to seek periodontal, im-

plant and prosthetic treatment using fixed restorations.57 
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The elderly in the urban area of Wrocław declare that pain 

is their main reason to seek dental treatment, and peri-

odontal problems are the reason for only 3% of the cases. 

In this respect, the impact of the cohort effect as well as 

the relatively low economic gradient among Polish retir-

ees may be significant.

Of the 131 cases diagnosed with clinical pathology 

of oral mucosa, 38.9% are cancer and pre-cancer lesions. 

Out of all reported pathological lesions, 42.7% require 

immediate treatment. These observations prove the need 

for examining oral mucosa during every dental appoint-

ment. With regard to the nationwide Polish study among 

subjects of this age, attention is drawn to the greater prev-

alence of denture stomatitis and fewer occurrences of leu-

koplakia and oral mycosis.31

It is important to emphasize the very poor oral hygiene 

in the examined group of older people in the Wrocław 

urban area. Even worse results were reported in a  re-

gional study of young seniors in Białystok (average PI 

is  50.8  vs  57.8, and average API is 66.7 vs 60%).19 Con-

siderably worse result for brushing (the highest PI val-

ues) in  Wrocław appeared in the following order: per-

sons with lowest income, current nicotine users, small 

town residents, persons treated solely in national health-

care facilities, men and persons with primary education. 

For cleaning interdental spaces (highest average API), the 

order was as follows: persons with lowest income (aver-

age API 81.5!), current smokers, men, and persons treated 

solely in national healthcare facilities. These observations 

confirm the well-known claim about the close link be-

tween poor oral hygiene and low socioeconomic status, 

male gender, tobacco dependence, and place of residence 

away from bigger towns. Also, the health promoting be-

haviors of the people we examined are unsatisfactory 

(pain  is still the main reason to make a  dental appoint-

ment; almost one third of the subjects only occasionally 

make dental appointments). The comparison of select-

ed oral health related behaviors of the elderly with for-

eign regional surveys and national research is presented 

in Table 8.10,31,50,58–60 Basically, it is concluded by compari-

son that the awareness of Polish young seniors of the need 

to  clean interdental spaces, that is to perform a  pro-

phylactic procedure extremely important in caries and 

periodontitis prevention, is  the  lowest. Americans lead 

in cleaning interdental spaces and Germans have dental 

appointments most regularly –  currently 90% of  dental 

patients make appointments to check oral health.

Our research is limited in numerous ways and these 

limitations demand caution in making generalizations. 

The first is the elderly’s low response to the invitations, 

which determines their low representativeness in the ex-

amination. The second is the inherent feature of a typical 

cross-sectional study that did not resolve the temporal re-

lationship between 2 medical events. The third limitation 

is the fact that many variables (especially these related 

to general health) were determined anamnestically with 

a  risk of error for temporally distant events such as the 

question about the cause for tooth removal in the past. 

Another limitation results from the fact that the study 

was conducted solely in the urban environment, with the 

exclusion of the countryside areas, which could also in-

fluence the evaluation of oral health. The impact of other 

variables not yet deemed as risk factors, but potentially 

able to affect oral health, e.g., diet, physical activity 

or marital status, has not been taken into account. Finally, 

for full compliance with the protocol for comprehensive 

dental examination, 2 measurement points on lingual sur-

faces of teeth were evaluated.

The conducted regional cross-sectional epidemiological 

study has shown an increase in the number of remaining 

teeth in young seniors in Wrocław despite no significant 

improvement in the incidence of dental caries and peri-

odontitis. The influence of classical risk factors for tooth 

loss and periodontitis has been confirmed, with the ex-

ception of significant associations with analyzed systemic 

diseases, which resulted probably from the sample size. 

The population is characterized by low dental treatment 

requirements and poor habits related to oral health. Tar-

geted regional preventive and intervention programs have 

to emerge from representative epidemiological studies tak-

ing into account the impact of as many variables as possi-

ble. Cohort studies – not yet conducted – would definitely 

deepen this knowledge. Special emphasis should be placed 

on the ultimate definition of the possible causal nature of 

the impact of social-economic factors on oral health.
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