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Abstract

Objective This study aimed to analyze the oral health status of four different birth cohorts: two cohorts of 60-year-olds born
in 1941-1943 and 1954—1955 and 2 cohorts of 81-year-olds born in 1920-1922 and 1933-1934.

Material and methods The study was based on data from an ongoing longitudinal population project, The Swedish National
Study on Aging and Care (SNAC). Oral health status was repeatedly examined clinically and radiographically in 2001-2003
and 2014-2015, including 60- and 81-year-olds, in total 412 individuals. Statistical analyses were performed using inde-
pendent-samples ¢ test and Pearson’s X2 test.

Results More individuals were dentate in 2014-2015 compared to 2001-2003 in the two age groups: 60 and 81 years
(» <0.001 for both). The mean number of teeth increased in the 60-year-olds from 24.2 to 27.0 and in the 81-year-olds from
14.3 t0 20.2. The numbers of at least one intact tooth increased for both age groups (p <0.001 and p < 0.004, respectively). In
the age groups 81 years, there was an increase in having at least one PPD > 6 mm (p <0.016) and bone loss >5 mm (p <0.029)
between the two examinations. No such differences were found in the age groups of 60 years.

Conclusion Over 13 years, oral health improved for both 60- and 81-year-old age groups. The most significant changes were
in the 81-year-olds where oral health had improved except for periodontal status.

Clinical relevance More natural teeth and impaired periodontal status potentially impact oral health and should increase
focus on preventive and supportive dental care in older individuals.
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Introduction

The older population is worldwide steadily growing
[1]. The proportion of individuals 60 years and older is
expected to increase from 12 to 22% between 2015 and
2050 [2]. In Sweden, 20% of the population was 65 years
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or older in 2020 [3]. There is an increased risk that older
individuals will suffer from illnesses and injuries [4, 5].
Cellular function appears to decrease with increasing age
which may cause risks for chronical diseases and frailty
[6]. Increased prevalence of diseases leads to increased use
of medication. Both illness and medications can negatively
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affect oral health due to decreased salivary flow that can
lead to dry mouth and modified saliva composition [7-9].
These side effects can lead to chewing and swallowing
difficulties [10, 11]. In addition, oral pathogenic bacterial
community may increase which can trigger host response
and increase risks for developing of oral diseases [12].
Diseases and disabilities can lead to a reduced ability for
older individuals to manage oral hygiene self-care [13].
Difficulties in performing adequate oral hygiene increase
the risk of developing oral diseases [14, 15].

Oral diseases have been stated as number four of global
issues [16]. It has been reported that advanced periodon-
titis and untreated caries lesions have globally increased
by 40% between 1990 and 2015, and these diseases are
the primary reason for tooth loss. In 2015, the state of
untreated caries in permanent teeth was still the most prev-
alent oral condition worldwide affecting around 34% of the
adult population [17]. The prevalence of advanced peri-
odontitis affects between 9 and 11% of the world’s adult
population [18, 19]. Both caries and periodontal diseases
tend to increase after 60 years [20] Epidemiological stud-
ies have shown that periodontitis increases with increasing
age [21, 22] and affects more frequently men [22, 23].
Untreated caries lesions and periodontitis may incorporate
pain, abscesses, and tooth extractions and lead to impaired
quality of life [17]. In addition, pain in the mouth may
limit social life [24].

Generally, the dentition, periodontium, oral and mastica-
tory mucosa, and salivary function undergo natural changes
with increasing age. These changes can disable the oral
health status functionally which combined with increased
bacterial presence and underlying medical issues can lead
to development and progression of oral diseases [25]. There-
fore, more older individuals are a significant challenge for
dental care and other healthcare actors [26]. Oral health is
an essential part of healthy aging, and poor oral health status
can adversely affect general health [5] and increase risks for
dependency of care [20]. The number of missing and/or cari-
ous teeth is associated with cardiovascular disease, diabetes,
male gender, and age (82-91 years) [27]. Periodontitis can
be arisk factor for developing heart diseases and death [28].
To prevent oral diseases and maintain a good oral health,
treatment planning in older individuals with both preventive
and supportive regular care must be considered [29]. This
can be cost-effective for both individuals and society [30].
Thus, it is crucial to seek awareness of aging and oral health
status among older individuals to improve dental care and
oral health interventions.

This study aimed to analyze the oral health status of four
different birth cohorts: two cohorts of 60-year-olds born in
1941-1943 and 1954-1955 and 2 cohorts of 81-year-olds
born in 1920-1922 and 1933-1934.
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Materials and methods
Study population

The study was conducted as a cross-sectional study, using
quantitative methods. It was based on data from the ongo-
ing longitudinal population-based project The Swedish
National Study on Aging and Care (SNAC) in Karlskrona,
in southeastern Sweden. The SNAC study started in 2001.
Participants in the study were randomly selected from a
national population database and included urban and rural
areas from the municipality of Karlskrona and individuals
aged 60-96 years. An equal randomly selection among
individuals in age groups 60, 66, 72, and 78 were made,
whilst all individuals in age groups 81, 84, 87, and older
were invited to participate. All individuals were invited
by regular mail. The proportion of enrolled individuals
was 62% corresponding to 10% of Karlskrona’s popula-
tion. The data collection is ongoing, and every sixth year,
a new cohort of 60 years and 81 years of age are invited
to participate.

During the years 2001-2003 (exam 1), 263 individuals
aged 60 years born in 1941-1943 were invited, and 191
chose to participate, while in 2014-2015 (exam 2), born
between 1954 and 1955, 116 individuals were invited, and
69 decided to participate. Of individuals aged 81 years
at exam 1, 254 born 1922-1924 were invited, and 155
individuals chose to participate. At exam 2, 119 indi-
viduals born 1933-1934 were invited to participate, and
68 decided to participate. All study participants signed
informed consent before the start of the study. The par-
ticipants who could not receive an oral examination at the
dental clinic were offered to be examined in their own
home. The study procedure and study population details
have been described in other studies [31, 32].

Inclusion criteria in the present study were all partici-
pants who underwent an oral health examination at the
dental clinic including a panoramic radiograph. Addi-
tional inclusion criteria were that individuals should be
residents in Karlskrona municipality and be aged 60 years
or 81 years at exams 1 and 2. In total, 412 individuals met
the inclusion criteria.

The ethical rules described in the Helsinki Declaration
[33] were followed. The Research Ethics Committee has
approved ethical permission for the SNAC studies at the
Lund University, Lund, Sweden (LU 604-00).

Oral examination

All included participants underwent an oral health
examination, including a panoramic radiograph
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(Orthopantomograph OP 100, Instrumentarium, Tuusula
Finland) by two experienced dental hygienists who were
calibrated. At exam 1, the panoramic radiograph technique
was analogue, whereas it was digital at exam 2. When
conducting the clinical examination, a structured protocol
was used. The oral health examination has been carried out
at a dental clinic.

The panoramic x-ray images and the x-ray data were
coded and assessed by two calibrated dentists, one at each
period. Calibration between dentist 1 in 2001 and dentist 2
in 2014 was done by randomizing 10% of panoramic x-ray
from 2001, on which dentist 2 calibrated. The clinical vari-
ables, including third molars, were number of teeth, num-
ber of intact teeth, dental implants, presence of removable
prostheses, buccal/lingual caries, pocket depth (PPD), bleed-
ing on probing (BOP), and mucosal-plaque index (MPI). In
addition, the number of teeth, dental implants, root residues,
root fillings, approximal caries, and bone loss was assessed
from radiographs. A revaluation was done if there was
uncertainty about any of these variables.

The occurrence of manifest caries was registered clini-
cally by visual and tactile examination of buccal and lingual
surfaces using a mouth mirror, a blaster, and a double-ended
EXD 5 probe, (Hu-Friedy Inc. Chicago, IL). In addition, the
presence of manifest approximal caries was registered by
using a panoramic radiograph. The ICC correlation coeffi-
cient between the two observer measurements on panoramic
radiographs was 0.96 (95% CI 0.88 to 0.98) and was based
on total of 20 observations.

The criteria for bacterial coatings on the teeth the plaque
score were calculated using the mucosal plaque index (MPI
index) [34]. The index is based on visual grading from 1 to
4: no soft coatings (grade I), small amounts of barely visible
coatings (grade II), moderate amounts of coatings (grade
III), and ample amounts of cohesive coatings (grade IV).

Probing pocket depth (PPD) and bleeding on probing
(BOP) on four surfaces around each tooth were performed
using a CP-12 probe (Hu-Friedy Inc. Chicago, IL). The
deepest pocket depth from 4 mm was registered. Therefore,
only PPD > 5 mm are presented in this study. BOP was reg-
istered as bleeding or not on all surfaces and was calculated
as the proportion of teeth with bleeding. Gingivitis was clas-
sified if BOP was > 10%. Bone loss was measured by pano-
ramic radiograph as the extent of alveolar bone loss from the
cement enamel junction (CEJ) to the highest marginal bone
level on the mesial and distal surface of each tooth.

Reliability measurements between randomly selected
cases for double assessments regarding the inter-observer
agreement of PPD values between the two clinicians per-
forming the examinations were 0.76 (Cronbach’s o) (95% CI
0.67 to 0.82). The ICC correlation coefficient between the
two observer measurements was 0.86 (95% CI 0.65 to 0.94)
and was based on total of 20 observations, concerning the

current number of approximal surfaces with 5 mm distances
CEJ-marginal bone on panoramic radiograph. A diagnosis
of periodontitis was declared if BOP>10% +PPD >5 mm
at>2 surfaces +bone loss > 5 mm.

Statistical analyses

The Statistical Package for the Social Science (IBM SPSS,
version 24.0) was used for descriptive and analytical statis-
tics. Descriptive statistics including means, standard devia-
tion (SD), and frequency distribution were summarized
concerning age groups and examination based on time
intervals for exam 1 and exam 2. Independent-samples 7 test
was conducted to analyze differences between the cohorts
(equal variance not assumed). Dichotomous data were ana-
lyzed using Pearson’s Xz test. Statistical significance was
determined at p <0.05.

Results

In the age cohorts 60 years at exam 1, 172 individuals (51%
women) participated. The corresponding figure at exam 2
was 64 individuals (53% women). The age cohorts 81 years
had 125 (51% women) individuals at exam 1 and 51 (43%
women) at exam 2. In Table 1, the reasons for internal drop-
out leading to exclusion are reported.

Cohort groups: 60 years
The percentage of the dentate individuals increased from

97.0% at exam 1 to 100% at exam 2. The mean number of
teeth increased from 24.2 (SD +5.07) at exam 1 to 27.0

Table 1 An overview of reasons to exclusion in the cohorts aged
60 years and 81 years at exam 1 and at exam 2 in relation to gender

Reasons for Exam 1 Exam 2 Exam 1 Exam 2

exclusion 60y 60y 8ly 8ly
n=191 n=69 n=155 n=68
n (%) n (%) n (%) n (%)

Lack of panoramic radiograph

Women 2 (1.0) 1(1.4) - 1(1.5)

Men 1(0.5) - - 1(1.5)

Could not get to the dental clinic

Women - 6(3.9) 6(8.8)

Men - 3(1.9) 5(7.3)

Declined the dental examination

Women 73.7) 1(1.4) 14 (20.6) 1(1.5)

Men 10 (5.2) 7 (10.3) -

Most of survey is missing

Women - 2(2.9) - 2(2.9)

Men - 1(1.4) - 1(1.5)
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Number of teeth

60y

B Examination at exam 1
B Examination at exam 2

Statistical significance was
determined at p < 0.05.

81y

Mean value of number of teeth

Fig. 1 Mean value of number of teeth in the age cohorts 60 years and 81 years examined at exam 1 and exam 2

(SD +£3.39) at exam 2 (p <0.001) (Fig. 1), and the pres-
ence of 20 teeth or more among the individuals increased
from 85.8% at exam 1 to 96.8 at exam 2 (p <0.017).

Removable prostheses were found in 5.5% at exam 1,
while no individuals at exam 2 had removable prostheses.
Dental implants were present in 3% at exam 1 (mean 5.0,
SD +2.24) and in 1.6% at exam 2 (mean 2.0, SD +0) (NS).

The mean number of intact teeth in all dentate indi-
viduals, root residues, root fillings, and manifest buccal/
lingual and approximal caries with respective conditions
is presented in Table 2. There were no significant dif-
ferences in the prevalence of intact teeth, root residues,
and approximal caries except for root fillings and buccal/
lingual caries. The proportion of individuals with one or
more root fillings was higher at exam 1 (85.2%) compared
to exam 2 (53.1%) (p <0.001). Fewer individuals had buc-
cal/lingual caries at exam 1 (5.7%) compared to exam 2
(17.7%) (p < 0.008).

For the periodontal status, the presence of at least one
pocket PPD >5 mm or PPD > 6 mm, BOP, and one site or
more with bone loss >5 mm showed no significant differ-
ences between the cohorts at the two different examination
years (Table 3). The percentage of teeth with different PPD
is presented in Fig. 2. Gingivitis was present in 65.2% of
the individuals at exam 1, compared to 67.8% at exam 2
(NS). A diagnosis of periodontitis was found in 17.0% of the
individuals at exam 1 compared to 15.9% at exam 2 (NS).

@ Springer

Bacterial coatings (grades 2—4) decreased between exam 1
and exam 2 (p <0.006) (Table 4).

Cohort groups: 81 years

The proportion of dentate individuals increased from 82.0%
at exam 1 to 94.1% at exam 2 (p <0.038). The mean number
of teeth increased from 14.3 (SD +7.26) at exam 1 to 20.2
(SD +6.46) at exam 2 (p <0.001) (Fig. 1), and presence of
20 teeth or more increased from 31.0% at exam 1 to 62.5%
at exam 2 (p <0.001). The proportion of individuals with
removable prostheses decreased between the time intervals
from 49.6% at exam 1 to 13.7% at exam 2 (p <0.001). Den-
tal implants were found in 11.6% at exam 1 and in 23.5%
at exam 2 (p <0.046). At exam 1, the mean value of dental
implants was 5.43 (SD +2.56), and the corresponding figure
at exam 2 was 5.83 (SD +3.04).

Prevalence of intact teeth, root residues, root fillings,
manifest buccal/lingual caries, and approximal caries in
all dentate individuals showed no significant differences
between exam 1 and 2. In Table 2, the mean number of
intact teeth, in the dentate individuals, root residues, root
fillings, and manifest buccal/lingual and approximal caries
is presented.

The presence of PPD > 6 mm, and bone level >5 mm
on at least one site per individual increased significantly
from exam 1 to 2 (p <0.016 and p < 0.029, respectively)
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Table 2 Mear} number of in.tact Variables Exam 1 Exam 2 p value Exam 1 Exam 2 p value
teeth, roc?t residues, rgot fillings, 60y 60y 81y 81y
and manifest buccal/lingual and =165 =64 =101 =48
approximal caries, respectively,
in dentate individuals of age Intact teeth
ggzr‘:‘f :I? dyaef:(:;dzgl yearsat  pfean (SD) 521 (4.14) 9.56 (6.02) 0.001% 2.73 (3.17) 4.65 (3.84) 0.004%
Range 0-18 0-27 0-15 0-13
Total, n 164 64 99 48
Root residues
Mean (SD) 1.40 (0.55) 2.20 (1.79) NS 1.56 (0.73) 1.33 (0.52) NS
Range 1-2 1-5 1-3 1-2
Total, n 5 5 9 6
Root fillings
Mean (SD) 3.45(2.14) 2.24 (1.76) 0.003% 3.71(2.37) 3.51(2.15) NS
Range 1-13 1-9 1-13 1-9
Total, n 138 34 90 39
Teeth with buccal/lingual caries
Mean (SD) 1.78 (1.20) 1.82 (1.54) NS 1.50 (0.93) 1.14 (0.38) NS
Range 1-4 1-6 1-3 1-2
Total, n 9 11 8 7
Teeth with approximal caries
Mean (SD) 1.44 (0.63) 1.44 (0.73) NS 1.42 (0.88) 1.33 (0.65) NS
Range 1-3 1-3 1-5 1-3
Total, n 16 9 24 12

Notes: Statistical analysis by independent ¢ test (equal variance not assumed) was used; Mean intact teeth
was calculated on all teeth in dentate individuals; SStatistical significance was determined at p <0.05; NS,

non-significant

Table 3 Clinical and

. hi ¢ Variables Exam 1 Exam 2 p value Exam 1 Exam 2 p value
rad%ograp ic presence o 60y 60y 81y 81y
periodontal pocket depth =165 n=64 =101 =48
(PPD)>5 mm, > 6 mm,
bleeding on probing (BOP), and PPD>5 mm
bone level in dentate individuals ) 105/165 (63.6)  35/62(56.5) NS 55/101 (54.5)  32/48 (66.7) NS
of age cohorts 60 years and
81 years at exam and at exam 2 PPD>6 mm
n/t (%) 60/165 (36.4) 23/62 (37.1) NS 21/101 (20.8) 19/48 (39.6) 0.016°
BOP
Mean (SD)  21.71 (21.48) 19.11 (17.20) NS 24.74 (25.29)  21.60 (26.70) NS
Range (%) 0-100 0-100 0-100 0-100
n 164 63 100 48
Bone level
>5 mm
n/t (%) 90/162 (55.6) 41/64 (64.0) NS 74/100 (74.0)  43/48 (89.5) 0.029%

Notes: PPD was calculated on a tooth level; Presence of PPD >5 mm,>6 mm, and bone level >5 mm at
least one site per individual. Presence of bone level was measured by x-ray at the mesial and distal sur-
faces. SStatistical significance was determined at p<0.05. For analysis of periodontal pocket depth
and bone level Pearson’s X2 test were used. For analysis of BOP, independent ¢ test (equal variance not
assumed) was used; NS, non-significant

(Table 3). The distribution of teeth with different PPD is
presented in Fig. 3. Gingivitis was found in 61.4% of the
individuals at exam 1 and in 52.1% at exam 2 (NS), and
periodontitis was present in 21.8% at exam 1 compared

to 31.2% at exam 2 (NS). The presence of bacterial coat-
ing (grades 2—4) decreased between exam 1 and exam 2

(p <0.001) (Table 4).
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Fig. 2 Illustration of percent teeth with different pocket depth 5 mm, 6 mm, 7 mm, and 8 mm or more in the age cohorts of 60 years

Table 4 Frequency (%) of

T dividuals with Grading scale Exam 1 Exam 2 Exam 1 Exam 2
dentatg 1nd1v1§ua s wit 60y 60y 81y 81y
bacterial coating based on n=162! n=64 n=101 n=48
visual grading from 1 to 4 by
Fm?co?a% plaque index (MPI) 1. No soft coatings can be seen 61.6 79.7 40.0 68.8
in individuals 60 years and 2. Small amounts of barely visible coating 333 172 43.0 25.0
81 years at exam 1 and at exam
2, respectively 3. Moderate amounts of coatings 4.4 1.6 13.0 6.3

4. Ample amounts of cohesive coatings 0.6 1.6 4.0 0.0

Notes: 'Three missing cases

Discussion

The present study showed an improvement in the oral
health status between exams 1 and 2 in both the 60- and
81-year-old age cohorts. Over the 13 years, the number of
teeth increased. An increase in number of teeth over time
agrees with other recent Swedish studies [35, 36]. How-
ever, in the present study, the mean of remaining teeth was
higher than the findings in the UK [37] and in repeated
population-based studies in oral health trends in the USA
[5, 38].

@ Springer

In the present study at exam 2, most individuals in the
60-year-old cohort and more than half in the 81-year-old
cohort had twenty or more teeth. This figure is higher than
in studies from Finland [39] and the UK [40]. Based on data
from the present study, one of WHO’s global oral health
goals having twenty or more teeth [41] has already been
attained. Having twenty or more teeth has been determined
to be necessary to achieve a good masticatory ability [42,
43]. One possible explanation for the fact that older indi-
viduals in Sweden retain more natural teeth than in the USA
and some European countries is the introduction of dental
care insurance in 1974. This commitment contributed to the
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Fig. 3 Illustration of percent teeth with different pocket depth 5 mm, 6 mm, 7 mm, and 8 mm or more in the age cohorts of 81 years

expansion of dental care and increased number of dental
professions. In addition, improved utilization led to regular
dental recall system and investment in preventive oral health
care [44, 45] and has resulted in an improved oral health
status among the population.

The majority of individuals in both cohort groups had
no diagnosis of manifest caries. The mean number of man-
ifest caries lesions did not significantly differ in the age
group of 60 years or 81 years. Water fluoridation, imple-
mentation of fluoride toothpaste, fluoride mouth rinses
for controlling caries during childhood [46], and greater
access to dental care [45] might have benefitted both age
cohorts. Regular visits to dental hygienists increased from
26% in 1992 to 57.2% in 2012 in Sweden especially in the
older population [47]. We can assume that repeated oral
health information and reinstructions in oral hygiene dur-
ing dental hygienist’s visits may have contributed to posi-
tive attitudes toward preventive care and greater awareness
in oral hygiene in both age cohorts in this study. However,
in contrast to our study, Norderyd et al. [35] showed that
the mean value of decayed (manifest and initial lesions)
and filled teeth increased in the age groups 70 and 80 years
for 40 years, while in the age group of 60 years, caries

lesions decreased. Edman et al. [48] found decreased
mean value between 1983 and 2013 of decayed surfaces
in 65-year-olds and 75-year-olds but increased in 85-year-
olds. The differences between these studies and ours can
be that we used panoramic radiographs for caries registra-
tion which may have contributed to underestimating of
approximal caries.

However, it is generally considered that older individuals
retain more natural teeth nowadays, which was confirmed in
the present study. It is worth noting that the most significant
change in the present study was shown in the oldest group with
nearly sex more retaining teeth, about twice as many as in the
younger cohorts. The critical question is, what will happen
when older people cannot manage their oral hygiene anymore
and become dependent on help? Previously published data on
dependent individuals 65 years and over showed that manifest
caries was common. One in four individuals was at high risk
for deterioration of general health or oral health [27]. In the
USA (State BSS report and NHANES 2011-2016), the mean
of untreated decayed teeth was higher among home-limited
and care dependent individuals 65 years and older in com-
parison to independent individuals in the same age [49]. These

@ Springer
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two studies indicate that caries prevalence increases with care
dependency and rising age.

Over the 13 years, no significant differences were found
in the prevalence of gingivitis and periodontitis in any of the
age cohorts. Nevertheless, among the 81-year-olds, there was
a statistical increase in PPD and bone loss at exam 2. Differ-
ences in PPD and bone loss in the age cohorts 60 years were
not observed. In contrast to the present study, Wahlin et al. [50]
showed a non-significant decrease concerning the presence of
at least one PPD >6 mm in individuals 80 years. A possible
explanation for the increase of deeper PPD and bone loss in
the older group in our study could be the increased number of
remaining teeth. In the present study, majority of 81-year-old
individuals had twenty teeth or more which may explain the
changes mentioned above in periodontal status. The strength
of our study is that measurements of PPD and bone level are
performed in all permanent teeth, which reduce the risk for
over and under estimation [51]. Panoramic radiographs were
used for registration of bone level which is common in den-
tistry and has been reported to have good reliability compared
to intraoral radiographs in assessing bone level [52].

However, differences in examination methods and defini-
tions of periodontitis make it challenging to make compari-
sons. Our results of deteriorating periodontal status in the
older age cohorts are a challenge for both the older individu-
als and the dental professionals when dependency becomes
a reality. Schwendicke et al. [15] confirmed that periodon-
tal treatment needs over time increased in older individuals
65 years and older. Knowledge about periodontal conditions
in older individuals is a crucial element for preventive care
to maintain a good oral health status for life.

With increasing age, health status can gradually or rap-
idly be changed both medically and socially, which can also
affect oral health status [53]. These changes can lead to
dependency, extensive dental care needs, and reduced qual-
ity of life. Dental staff can be faced with an ethical dilemma
when it comes to decide what can be remedied or not [54].
Therefore, regular dental visits, including oral examination
and periodontal treatment, are vital to accomplish, not least
when dependence of help with daily life increases. This
might have a fundamental value for health in general for
older individuals. However, in order to increase the under-
standing of oral status changes over time and with increas-
ing age, longitudinal follow-up studies are necessary before
more general conclusions can be drawn.

Conclusion

Over 13 years, oral health improved for both 60- and
81-year-old age groups. The most significant changes were
in the 81-year-old where oral health improved except for the
periodontal status.
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