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Periodontal 
erally show 
severih of' 

evaluation of large populations has gen- 
i positive relationships between age and- the 
periodontal disease (1-3). According to 

Abdellatif & Burt (4), however, age was an insignificant 
factor in determining periodontal disease when oral 
hygiene stat,us was controlled for. The importance of 
oral hygiene status and quality of preventive self-care 
has been confirmed in several studies (5-7). Smoking 
has also been found to be a major risk factor for 
periodontal disease (8- 13). 

Few attempts have been made to assess the impact of 
subsidized dental care on periodontal status, and usually 
the efrects of subsidization have only been slight 
(1 + - I  6). According to Holst (1 6)) Norwegian male 
workers eligible for subsidized dental care had no better 
gingival and periodontal health than the referents. On 
the other hand, subsidized dental care programs have 
repeatedly improved periodontal conditions among 
adult Swedish populations (5,17) and rural Norwegians 

'The aim of the present study was to investigate the 
association between subsidized dental care and perio- 
dontal status among male industrial workers in southern 
Finland with or without access to such care. 

18). 

Materials and methods 
111 rnde workers, born before 1956 (age, 38-65 years), 
<ii dn OLI rrfinery in southern Finland (Neste Ltd., 
! 'o~Qo,  Finland) were invited to participate. The 
i'mtrol group was formed on the same basis from other 
iridtistriai workers a( three companies in the same area 

(Enso Gutzeit Ltd. Tolkkinen Saw Mill, Ensto Ltd., and 
Norpe Ltd., all in Porvoo, Finland). These companies 
are located in an area where the dentist to population 
ratio is about 1: 1 100 (19). 

The oil refining company (Neste Ltd.) provides 
comprehensive occupational health services to its 
eqployees, including subsidized dental care since 1965 
(20). Neste has had a dental clinic at its occupational 
health center in Porvoo since 1978, but the employees 
have freedom to attend any dental clinic. The entire 
costs of all dental treatment are paid directly to dentists 
from the employees' sickness fund. In the case of a new 
prosthesis, the employee repays 25% of the costs to the 
fund over the following 6-month period. It is compul- 
sory for refinery workers to be contributing members of 
the sickness fund, although no prior dental rehabilita- 
tion is required. Membership of the sickness fund costs 
employees 1% of their gross wages. Dental visits are 
allowed during working hours. The chosen treatment 
provider and pattern of attendance affect neither the 
extent of subsidization nor the route of payment. 

The employees in the control group have to finance 
their own treatment without any reimbursement from 
their employer or the state. They also have to make 
their dental visits outside working hours. 

The refinery workers totalled 403, and the controls 
254. In February 1994 an offer was mailed to all 
subjects to participate in a dental check-up free of 
charge, They were also sent a multiple-choice ques- 
tionnaire covering the following items for the present 
study: I)  age in years, 2) education, 3) current employ- 
ment in years, 4) time since last dental visit, 5) reason for 
last dental visit, 6) frequency of toothbrushing, and 7) 
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Table 1. Classification of the background variables used in multi- 
variate models 

Variables Category Value n 

Education Elementary or 0 436 
occupational 

Higher education 1 46 
Access to subsidized Control 0 168 

dental care Refinery 1 315 
Last dental visit More than 2 0 56 

In past 2 years 1 426 
Reason for last Acute problem 0 187 

years ago 

dental visit Recall or check-up 1 293 
on own initiative 

a day 

a day 

Toothbrushing Less than once 0 85 

At least once 1 397 

Smoking Non-smoker 0 299 
Smoker 1 180 

Age In years 

current smoking habits (cigarettes, cigars, pipe, snurr). 
Subjects who had stopped smoking during the past 6 
months were regarded as smokers. Variables from the 
questionnaire data were classified for the multivariate 
analyses used in the present study (Table 1). 

The subjects were examined at their workplaces 
during a 3-month period from March to June 1994. 
Examinations were completed on 325 of the refinery 
group (81%) and 174 of the controls (69%). All 483 
(97%) dentate subjects were included in this study. 

A mobile dental unit with conventional lighting and 
compressed air flow was used at all workplaces to ensure 
equivalent conditions. One of the authors (J. Ahlberg) 
examined all subjects, using a mouth mirror and a 
WHO periodontal probe and explorer; the clinical data 
were recorded by a trained dental assistant. All subjects 

were examined for gingival bleeding, dental calculus, 
and pocket depths on the mesial, buccal, distal, and 
lingual surfaces of all remaining teeth, including erupted 
third molars. Recordings of approximal surfaces were 
made from the buccal aspect. Gingival bleeding was 
assessed after gentle probing of the pockets; supra- 
gingival and subgingival calculus (including retention 
when probing due to a faulty dental restoration) were 
recorded as calculus; pocket depth was measured as the 
distance (mm) from the gingival margin to the bottom of 
the pocket. These periodontal recordings were used to 
complete the Community Periodontal Index of Treat- 
ment Needs (CPITN) coding (2 1). A sextant was given a 
code whenever two or more teeth were present. If no 
index teeth were present in a sextant, it was excluded 
from further analysis. The CPITN codes were analyzed, 
using both the individual and the sextant as the unit of 
analysis. The CPITN score for the individual was 
determined as the highest code given to any sextant in 
that individual. 

Student’s t test for group means, the chi-square test 
for proportions, and the trend test (22) were used for 
statistical analyses. The effects of the studied back- 
ground variables on the probability of having perio- 
dontal pockets 24mm (obtained using the individual 
CPITN codes) were investigated by using a logistic 
regression model (23). The effects of the same back- 
ground variables on the probability of having calculus 
were studied among subjects having no periodontal 
pockets. Odds ratios (OR) were calculated as: 

OR = $, 
where p is the logistic regression coeflicient. The 
corresponding 95% confidence intervals (CI) were 
calculated as: 

950j0 CI = f 1.96 (SE) 

Individual CPITN Sextant CPITN 

Refinery Control Refinery Control 

pco.01 p<o.o01 

Fig. 1. Frequency distribution of the individual and sextant Community Periodontal Index of Treatment 
Needs (CPITN) scores in refurery and control groups. Statistical evaluation based on the trend test. 



168 3 A h l b q  et aL 

rable 2 Descriptive data on the study populations plus statistical 
evaluations of differences between the refinery and control groups 
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probability of calculus was negatively associated with 
access to subsidized dental care and to toothbrushing at 
least once a day and positively associated with smoking 
(Table 3). The probability of having periodontal pockets 
(24mm) was negatively associated with recall or self- 
initiated check-up as the reason for the last dental visit 
and positively associated with smoking (Table 4). The 
number of subjects with deep pockets (26 mm) was too 
small to enable more detailed analysis. 

Refinery Control 
group, group, Probability, 
n =  315 n =  168 p < 

NS 
NS No. of teeth 20 (8) 21 (8) 

Elementary or occupational 91 91 NS 

Five years or more 99 93 NS 

Mean (SD) 
h e  46 (6) 47 (6) 

Percentages with 

education 

in present employment 
Smoking 41 30 0.05 
'Toothbrushing 83 82 NS 

Last dental visit 92 82 0.01 
at least once a day 

in past 2 years 

initiating last dental visit 
Recall or dental check-up 66 52 0.01 

Statist~cal waluations based on t statistics (mean values) and chi- 
iqunrr test (proportions). 

Results 
C h i  the basis of highest individual CPITN score, 6% of 
the refinery workers had no need for periodontal 
treatment, compared with 2% of the control group 
ip <: 0.05). Deep pockets 26 m were found in 5% of 
the rrfinery workers and 11% of the controls (p < 0.05). 
Calculus (CPITN code 2) was the commonest highest 
score in individuals of both groups. However, on the 
sextant basis, bleeding after probing appeared to be the 
refinery workers' commonest CPITN score (Fig. 1). 

The  two study groups were very similar in number of 
teeth, age distribution, education, and the frequency of 
toothbrushing. The refinery workers had had their last 
dental visit within the past 2 years significantly more 
often, and they had also had a recall or check-up visit on 
their own initiative signiticantly more frequently than 
aniong the controls (Table 2). 

According to the logistic regression model, the 

Discussion 
Since the Primary Health Act of 1972, Finnish 
municipalities have been obliged to organize free-of- 
charge dental care for all children and adolescents 
under 19 years. Additionally, some costs of dental 
treatment are reimbursed to young adults using private 
dental services through the National Sickness Insurance 
scheme; this extension of subsidization was introduced 
in 1986. Finns born before 1956 have not been eligible 
for any nationwide subsidized dental care in their 
adulthood. Although small Finnish municipalities may 
be capable of organizing subsidized dental care for their 
entire population, in large cities most adults are obliged 
to use private practices. Thus, some employers have 
voluntarily initiated dental care for their employees, or 
they subsidize dental care by contributing to employees' 
sickness funds. However, dental care as comprehcnsive 
as that at Neste is rare. 

All workers born before 1956 were included, rather 
than randomized samples, to ensure large enough study 
groups. It has been suggested that assessing the impact 
of subsidized dental services on the dental health of 
those eligible for them requires a clinical examination of 
two comparable groups that differ only in their 
exposure to subsidized dental services (1 6). The groups 
in our study were similar in age, education, and 
environmental factors, but only one had access to 
subsidized dental care. The refinery employees work in 

Table 3. The regression coefficients of the studied background variables on the probability of 
having calculus among subjects with no periodontal pockets, obtained with a logistic regression 
model* 

B SE OR 95% CI 

IXucation 0.083 0.39 
Access to subsidized -0.804 0.26 

Toothbrushing at least - 1.334 0.39 

Last dental visit -0.103 0.42 

Recall or dental check-up 0.050 0.25 

Currc11t sn1oking 0.710 0.26 

dental care 

once a day 

in past 2 years 

initiating last,dental visit 

.%e 0.005 0.02 

1.1 
0.5 

0.3 

0.9 

1.1 

2.0 
Not 

applicable 

0.5-2.3 
0.3-0.7 

0.1-0.6 

0.4-2.1 

0.6-1.7 

1.2-3.4 
p = 0.799 

~ 

* OR = odds ratio; CI = confidence intend. 
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Table 4. The regression coefficients of the studied background variables on the probability of 
having periodontal pockets 24 mm, obtained with a logistic regression model* 

B SE OR 95% CI 

Education 0.038 
Access to subsidized -0.332 

dental care 

once a day 

in past 2 years 

as reason for last dental visit 

Toothbrushing at least 0.343 

Last dental visit 0.268 

Recall or dental check-up -0.508 

b e  0.038 
Smoking 0.718 

~ 

0.42 1 .o 0.5-2.4 
0.25 0.7 0.4-1.2 

0.34 1.4 0.7-2.7 

0.40 1.3 0.6-2.9 

0.25 0.6 0.4-1.0 

0.25 2.1 1.3-3.5 
0.02 Not p = 0.083 

applicable 

* OR = odds ratio; CI = confidence interval. 

three shifts, and if a subject was off duty for some 
unexpected reason during the 2-week examination 
period, it was sometimes difficult to rearrange their 
appointment. Considering this, the rate of participation 
among the refinery group was good. Some controls had 
to use time outside working hours to attend the 
examination, which explains their lower rate of 
participation. 

In the present context the hierarchical assumptions of 
the CPITN (24) imply that maintenance and improve- 
ment of periodontal conditions require less treatment by 
dentists in the refinery group than in the control group. 
The CPITN has been criticized for overestimating the 
severity of periodontitis among younger age groups and 
underestimating it among elderly subjects (25, 26). It 
has also been claimed that persons presenting with more 
severe periodontal conditions will be overlooked when 
partial recordings of the CPITN are performed (27). 
Several factors have been accused of contributing to the 
discrepancy between the CPITN score and the 
components used to allocate it (28-3 1). However, the 
CPITN has been used as a measure of periodontal 
treatment needs in a wide range of communities; almost 
100 surveys from more than 50 countries for the 35- to 
44-year-old age group are stored in the WHO Global 
Oral Data Bank (32). Using full-mouth recordings for 
the CPITN coding also enabled us to analyze our study 
groups using the sextant as the unit of analysis, which 
showed that the refinery workers had less overd 
treatment need. 

This lower treatment need was found even though 
smoking was significantly more common in the 
subsidized group. This could be explained by their 
greater frequency of dental visits, which may have 
partly disclosed the negative effects of smoking on 
periodontal tissues at earlier stages of the disease. In this 
study the independent and significantly detrimental 
effect of smoking on periodontal status underscores the 
value of taking patients’ smoking habits into account 
when planning prevention and periodontal treatment 
for an individual. 

The multivariate analysis enabled us to investigate 
the effects of one variable at a time on the probability of 
calculus while simultaneously controlling the effects of 
other variables (23, 33). Thus, the logistic regression 
analysis shows that among those with no periodontal 
pockets toothbrushing at least once a day was a strong 
independent determinant of not having calculus, 
whereas it was insignificant in determining the prob- 
ability of having no periodontal pockets. This may 
indicate that calculus is effectively prevented among 
those who for any reason have adopted proper skills in 
toothbrushing. Moreover, the development of perio- 
dontitis may be promoted by the lack of effective 
brushing irrespective of an acceptable frequency of 
brushing. However, the more regular check-ups may be 
a natural explanation for the overall lower treatment 
need among the refinery workers. Dental check-ups are 
usually part of an on-going treatment plan designed to 
prevent more operative measures. Removal of retentive 
factors for bacteria, oral health care guidance, moti- 
vation, and instruction in use of self-care aids are more 
likely at a check-up than during less systematic visits. 

According to Listgarten et al. (34), established chronic 
gingivitis does not necessarily lead to periodontitis, even 
when untreated. On  the other hand, Loe et al. (35) 
showed that in the absence of dental treatment and 
preventive self-care the progress of periodontal disease 
is uneven but continuous. In the study of Caton & 
Quinonen (36) calculus and other retentive factors for 
bacteria were associated with the development of adult 
periodontitis. However, chronically inflamed deep 
periodontal pockets frequently become an acute 
problem, which may develop into a risk factor for 
general health (37). Recent reports from Finland and 
the USA indicate that progressive periodontitis is 
associated with a high risk of cardiovascular disease 
(3840). 

We conclude that the refinery workers in this study 
may have less risk of developing severe periodontitis and 
that having less deep periodontal pockets may mean 
fewer foci for severe general infection. Our study 
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findings demonstrate a positive relationship between 
siibsidized dental care and periodontal status. 
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