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Factors Related to Tooth Loss in Later Years during a Long-term

Maintenance Program at Dental Clinics

Yasuyuki Kawamura”, Fumiaki Shinsho® and Hideki Fukuda®

Abstract : The present study was conducted in order to identify risk-factors for tooth
loss among patients in a long-term maintenance program at dental clinics, as well as
factors specifically related to the elderly. Subjects were selected from patients who had
been in a maintenance program more than 15 years and who made their last dental visit
between July and October 2004. The patients attended one of two private dental clinics
where one of the authors has been working in Osaka. Annual tooth loss for each subject
was calculated from the difference of tooth loss between the first visit and the last visit.

The average length of maintenance, between the base line and the last visit, was 27.5
years for those younger than 39 years, and 25.8 years for those older than 40 years at
the base line. The annual average tooth loss was 0.040 for the younger group and 0.115
for the older group, not including wisdom teeth. Multiple regression analysis showed
that individuals aged 40 and older with more non-vital teeth and more teeth with
periodontal pocket depth at the first visit, as well as retaining a smoking habit and
suffering diabetes mellitus during the maintenance period had a higher rate of annual
tooth loss, whereas individuals with fewer teeth and more teeth with periodontal
pockets showed co-relation with higher rate of annual tooth loss for the younger age
group.

The results suggested that not only periodontal disease but also pulpectomy, as well
as smoking and diabetes mellitus, could be the risk-factors of tooth loss in the later years
even if a long-term maintenance program could be provided after 40 years of age.

Key words : long-term maintenance, tooth loss, number of present teeth, number of

non-vital teeth

Introduction

To achieve the target of ‘Healthy Japan 21,
adults are encouraged to have regular dental visits
for professional cleaning, and to have regular dental
health check-ups. This target of keeping 20 or more
teeth at the age of 80 years old, expressed as
“Eighty-Twenty (80/20)”, was based on a concept
of oral health as a crucial component of general
health?. Keeping natural teeth has been shown to
be an important factor for health in later years.
Manly and Braley? tried to evaluate the effect of
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tooth loss and showed that masticatory perform-
ance and efficiency decreased with loss of teeth.
Agerberg and Carlsson® reported a definite re-
lationship between chewing ability and general
health status in randomly selected persons aged
15~74 years. Through a community based survey,
Shinsho? found that the percentage of elderly
people who were active enough to go out alone
correlated with number of natural teeth. Prolonga-
tion of tooth life also has been thought to enhance
the quality of life¥.

Tooth loss is not a natural result of age, and there
is abundant evidence of preventing tooth loss
through professional care. Axelsson and Lindhe®

also observed that “a preventive program which
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stimulates individuals to adopt proper oral hygiene
habits may resolve gingivitis and prevent progres-
sion of periodontal disease and caries”. Prevention
of caries and periodontal disease are the critical
factors in preventing tooth loss in adultst™®.
Prevention of those diseases can be carried out by
community education programs associated with
regular check-ups and adequate plaque control
programs® 19, Many studies also showed the effect
of regular, professional prevention programs for
reducing the incidence of tooth loss. Tooth loss was
more likely to occur among individuals who
received no maintenance or discontinued receiving
maintenance!. Among professional care, regular
dental visit is thought to be one of the most
important procedures for keeping oral health.
Sheiham et al.l? observed that a regular dental
attendance pattern was negatively associated with
the number of missing teeth, and positively
associated with the number of filled teeth. Shinsho
et al.’¥ and Shinsho¥ found that, in adults aged 40
and over, the mean number of teeth lost per year
was lower for those who had been receiving
prophylactic treatment and oral health instructions
through regular dental visits than for those who
had not done so.

Thus, providing maintenance care at dental
clinics is well recognized as a procedure for
preventing tooth loss and it is expected to assure
better quality of life in the later years. However,
even during the period of maintenance care, tooth
loss can be observed, although there is little
evidence of risk factors of tooth loss for the elderly
under long-term maintenance care. Risk factors of
tooth loss during maintenance care of elderly
patients may be different from the factors for
general physical health, and may be different also
between younger generation and elder generation.

Furthermore, as diabetes mellitus and smoking
are well known to have strong correlations with
periodontal disease!®~18), these diseases can be risk
factors of tooth loss. The present study was

conducted in order to identify risk factors for tooth
loss among the patients attending a long-term
maintenance program at dental clinics, with a

special emphasis on factors related to the elderly.

Subjects and Methods

Subjects of this research were those who had
been using a continuing maintenance program
provided at one of two dental clinics where one of
the authors has been working in Osaka. In the
clinics, continuing maintenance care focusing on
prevention of diseases of the entire oral cavity has
been provided over 35 years. In these clinics, after a
series of initial treatment of oral diseases, regular
dental visits for maintenance care have been
recommended for most of the patients, to provide
prophylactic treatment and guidance for preven-
tive self care. Once every 1~6 months, patients
with periodontal disease received oral hygiene
prophylaxis including scaling and root planing if
needed.

Subjects were selected from patients who had
been receiving the maintenance care for more than
15 years and made the last dental visit during the 4
months between July and October in 2004 at either
of two dental clinics. The number of those who were
registered to use regular maintenance care at these
clinics was 2,265 in July, 2004. In 1989, the number
of those who registered for maintenance care was
1,786. Among these 984 were registered both in
1989 and 2004, and also continued regular dental
visits at least once every six months for 15 years.
Those who made irregular dental visit were
excluded, as were those who dropped out within 15
years including those who died or moved away. The
total number of subjects who met the above-men-
tioned conditions making dental visit between July
and October in 2004 was 371 (130 men and 241
females). Thus the 371 subjects of this research,
represent 38 percent of those registered both in
1989 and 2004, and also who continued regular

dental visits at least once every six months between
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Table 1 Number of people registered for maintenance care at the
dental clinics of this study and the subject of this study

n
Number of people registered for maintenance care in 1989 1,786
Number of people registered for maintenance care in 2004 2,265
Number of those registered both in 1989 and 2004,

who continued regular dental visit at least once every six 984
months between 1989~2004

Number of total subjects who made a dental visit between 371

July and October 2004

Table 2 Number of subjects by length of maintenance care

Age at the last visit (years)

35~49 50~59 60~69 70~79 80~ Total
15~20 7 10 12 11 1 41
Length of maintenance care  21~25 9 20 40 28 10 107
(years) 26~30 6 19 36 28 13 102
31~37 2 13 31 55 20 121
Total 24 62 119 122 44 371
Average years of maintenance 22.4 25.4 26.1 28.0 28.4 26.6

1989~2004 (Table 1).

The subjects’ average age at the start of the
maintenance care was 41.5 years (from 14 years
to 67 years old). At the last visit their average age
was 67.5 years (from 36 years to 93 years old)
(Table 2).

The average length of maintenance care for the
subjects was 25.2 years (ranging from 10.4 to 36.7
years) (Table 2).

At the base line before starting the maintenance
program, the average number of teeth of the 371
subjects was 24.9. Those subjects with complete
dentures were excluded. The annual tooth loss for
each subject was calculated from the difference of
the number of teeth between the base line and the
final visit. At the final visit, all the patients were

asked to complete a questionnaire regarding
general health, including their medical history of
diabetes mellitus, circulatory disease and disease of
the digestive organs, and also about smoking.

The condition of each tooth was classified into
healthy, filling, crown, non-vital from endodontics,
and missing. The annual tooth loss was compared
based on the following items : 1. age, 2. age at the
base line, 3. number of present teeth at the base
line, 4. number of teeth treated at the base line, 5.
presence of periodontal pocket depth over 4 mm at
the base line. The periodontal pocket depth was
measured using a periodontal probe at 6-point for
each tooth.

According to the response to the questionnaire at
the final visit, the annual tooth loss was also
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Table 3 Mean number of present teeth by age and sex

Age at last visit (years)
35~49 50~59 60~69 70~79 80~ Total
present teeth 27.9 26.7 23.9 22.2 17.1 23.3

Male
n 9 21 40 47 13 130
present teeth 28.1 26.3 24.0 22.1 19.3 23.5
Female
n 15 41 79 75 31 241

Total present teeth  28.0 26.5 24.0 22.1 18.6 23.4

compared based on the following items: 6. the
presence of systemic diseases, such as diabetes
mellitus, circulatory disease and disease of the
digestive organs, and 7. smoking.

It has been pointed out that “periodontal disease
(23.4% overall) was the most frequent indication
for extraction and became the commonest cause of
tooth extraction in patients aged 40 years and
more”, while in 20~39 year olds, “dental caries
(56.4% overall) was the main reason for tooth
extraction”'®. And a national survey in Japan
reported that over 80 percent of over 40 year olds
had periodontitis??). So, in this study, subjects were
divided into two groups by age of the baseline,
under 40 year-olds over 40 year-olds. The signifi-
cance of differences was analyzed by Student’s t-
test or analysis of variance (ANOVA). Stepwise
multiple regression analysis was also performed,
using as the independent variables, factors which
showed a significant relationship with the annual
tooth loss.

Results
The mean number of present teeth of the sub-
jects at the last visit was 23.4 as a whole (Table 3).
It was 25.4 for the younger age group, and 21.6
for the older age group at the last visit (Table 4 ).
Annual tooth loss on average was 0.086 for male
and 0.075 for female, not including wisdom teeth. It
was 0.040 for the younger age group, and 0.115 for
the older age group (Table 4). Comparing situa-

tions at the base line among the two age groups, the
number of present teeth and number of filled teeth
were significantly larger in the younger group. The
number of non-vital teeth and the proportion of
those with periodontal pocket depth over 4 mm
were larger in the older group. Comparing the
situation at the last visit between the two age
groups, these were significantly more subjects with
circulatory disease and above average annual tooth
loss in the older group, both male and female
(Table 4).

Comparing the annual tooth loss during the
maintenance period by general and oral health
situation for both the age groups, it was significant-
ly smaller in those subjects with more present teeth
at the base line, for both age groups, and was
significantly smaller in those subjects with more
filled teeth at the base line, for the younger group.
The annual tooth loss were also significantly bigger
in those subjects with more non-vital teeth at the
base line, and in those who had periodontal pocket
depth over 4 mm, at the base line, for both age
groups. The annual tooth loss was also significantly
bigger among smokers and those with diabetes
mellitus at the last visit for the older age group
(Table 5).

Multiple regression analysis showed that the
number of present teeth and presence of periodon-
tal pocket depth over 4 mm at the base line were
significantly related to the annual tooth loss during
the maintenance period, for the younger group. It
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Table 4 Compasison of oral health situation or the number of subjects by health status between two groups divided
by age at the base line

Age at the base line

Less than 40 years old
40 years old and more

mean=32.6 mean=49.7 Total p-value
Male 62 68 130
Female 117 124 241
N(umber) of present teeth 26.0 23.9 24.9 0.000
mean
N(umbeg of filled teeth 6.5 38 51 0.020
mean
Situation at Number of vital teeth 26 3.7 39 0.108
the base line with crown (mean) ) ’ ) )
N(umbeg of non-vital teeth 30 45 33 0.001
mean
Presence of periodontal no 171 142 313 0,000
pocket depth over 4 mm yes 8 50 58 ’
Age (mean) 60.0 74.7 67.5 0.001
Viean length of 27.5 25.8 26.6 0.933
maintenance care (year) ' ' ' '
N f t teeth
(umber) (% TIEERIL Tt 25.4 21.6 23.4 0.000
mean
no 169 175 344
ki 0.238
Srmeking ves 10 17 27
Situation at no 171 179 350
Diabetes Mellit : 0.376
the last visit tabetes Aiefitus yes 8 13 21 ,
no 152 126 278
Circulatory di ~70.000
irculatory disease ves o7 66 03
Disease of intestinal no 163 164 327 0.109
organ yes 16 28 44 '
male™® 0.040 0.127 0.086 0.000
[ — female * 0.040 0.108 0.075 0.000
total 0.040 0.115 0.079

*Difference of annual tooth loss between male and female was not significant.

also showed that the number of non-vital teeth, the period, for the older group (Table 6).

presence of periodontal pocket depth over 4 mm at

the base line, as well as smoking and diabetes Discussion

mellitus at the last visit, were significantly related The subjects of the present research were not

to the annual tooth loss during the maintenance chosen by random sampling from the general
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Table 5 Annual tooth loss during maintenance period by health status for two age groups

Age at the base line

Less than 40 yeas old 40 years old and more
annual annual
n tooth p-value n tooth p-value
loss loss
15~20 16 0.032 25 0.126
21~25 44 0.027 63 0.126
Period of maint 0. .
eriod of maintenance 96~30 50 0.036 359 59 0.095 0.704
31~36 69 0.053 52 0.116
General
situation 35~49 24 0.004 = =
50~59 60 0.020 2 0.100
Age at evaluation 60~69 69 0.065 0.001 50 0.081 0.133
70~79 26 0.051 96 0.116
80~ - - 44 0.152
0~20 9 0.189 30 0.187
Number of present teeth 21~25 40 0.043 0.000 79 0.142 0.000
26~28 130 0.029 83 0.063
0~1 23 0.086 55 0.152
2~4 34 0.034 70 0.102
Number of filled teeth .029 1
Hmber of tled tee 5~7 55 0033 ° 44 o110 13
8+ 67 0.032 23 0.077
Oral health 0 57 0.025 34 0.085
situation  Number of vital teeth 1~2 42 0.038 46 0.106
0.200 0.
at the base  with crown 3~4 39 0.043 48 0.125 485
line 5+ 41 0.059 64 0.129
0~1 77 0.018 57 0.101
Number of non-vital 2~3 42 0.057 47 0.083
0.005 0.032
teeth 4~7 41 0.048 54 0.119
8+ 19 0.076 34 0.176
P i 1 i 142 0.080
resence of periodontal no 17 0.035 0.000 0.000
pocket depth over 4mm  yes 8 0.140 50 0.213
no 169 0.040 175 0.106
i 0.926 0.006
Simoking ves 10 0.042 17 0.208
History . . no 171 0.038 179 0.107
D Mellit 0.133 0.004
- ERGHESIIES yes 8 0.081 13 0.228
at the last no 152 0.040 126 0.115
> 3 i ) .939 ) 0.976
st Circulatory disease ves o7 0.039 0.93 66 0.114
i i I : 164 0.115
Disease of intestinal no 163 0.040 0.986 0.925

organ yes 16 0.040 28 0.112
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Table 6 Multiple regression equation for annual teeth loss and beta for each independent
Coefficient value Beta t-value Significance
Age at the last visit 0.0013 0.1538 1.5805 0.1159
Mean years of maintenance 0.0006 0.0392 0.4262 0.6705
Number of present teeth™ —0.0078 —0.2957 —3.3513 0.0010
Number of filled teeth™ —0.0005 —0.0252 —0.3350 0.7380
Number of vital teeth with crown™ —0.0026 —0.0894 —1.1228 0.2631
Less than Number of non-vital teeth* 0.0023 0.0966 1.2714 0.2053
4pyears Presence of peviodontal ycket 0.0655 0.1722 2.3757 0.0186
old depth over 4 mm
Smoking —0.0099 —0.0289 —0.4175 0.6769
Diabetes Mellitus 0.0291 0.0766 1.1051 0.2707
Constant 0.1457
Multiple R 0.4773
Adjusted R? 0.2278
Age at the last visit 0.0024 0.1128 1.4928 0.1372
Mean year of maintenance —0.0013 —0.0479 —0.6558 0.5128
Number of present teeth™ —0.0042 —0.1198 —1.6838 0.0939
Number of filled teeth™® 0.0008 0.0184 0.2615 0.7940
Number of vital teeth with crown™® 0.0027 0.0624 0.9120 0.3630
40 years Number of non-vital teeth™ 0.0056 0.1685 2.5581 0.0113
old and  Presence of perloilontal pocket 0.1184 0.3562 55123 0.0000
more depth over 4 mm
Smoking 0.0823 0.1601 2.5111 0.0129
Diabetes Mellitus 0.1006 0.1732 2.7582 0.0064
Constant —0.0109
Multiple R 0.5426
Adjusted R? 0.2944

*at the base line

population, but were a cohort who have received
long term maintenance care at dental clinics.
Therefore, they might have been motivated for oral
cleaning self care by their comparatively high
health care awareness. However, results obtained
from a highly motivated population may show
fundamental factors relevant to the general popula-
tion. Moreover, the results during the maintenance
period may show practitioners the important
factors in the prevention of tooth loss of the patients
under their intensive care.

During maintenance care, some have dropped out
from the regular plan, and so those who did not

participate in the maintenance care and those who

dropped out of the maintenance care were excluded
from our research sample. Those who moved away,
retired or died before the evaluation, were included
in the dropping out group.

From the result of multiple regression analysis,
the presence of periodontal pocket depth over 4 mm
at the base line seemed to increase annual tooth loss
during the maintenance period, for both the older
and younger age groups. The number of teeth
present at the baseline was related to tooth loss only
for the younger age group. Whereas the number of
non-vital teeth, smoking habit and diabetes mellitus
was significant related to the annual tooth loss for

the older group, there was no such relationship for
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the younger group. These results show, that even in
the younger generation as well as in older
generation, the more teeth with periodontal pockets
they retain, the more likely they are to lose teeth
even under professional maintenance care. It was
also indicated that the more non-vital teeth they
retain, the more teeth they may lose in later years.
For those aged 40 and more, other factors which
affect general health also related to tooth loss. That
suggests that general health guidance on smoking
and prevention of diabetes mellitus might be more
important during maintenance care by dental
practitioners for elderly people.

Hirschfeld and Wasserman??, McFall??, Lindhe
and Nyman®), Goldman et al.2Y, Nabers et al.?),
Wood et al.?), and Axelsson et al.?”) presented the
results of surveys on tooth mortality in relation to
maintenance care through regular dental visits.
Papapanou et al.®®), Niessen and Weyant?, and
Chauncey et al.?? have reported on tooth mortality
in the absence of maintenance care. According to
these surveys, the mean number of teeth lost
annually under maintenance care ranged from
0.0132” to 0.1729, while the range was 0.32% to
0.472 in the absence of maintenance or preventive
treatment. Axelsson et al.’V also monitored the
incidence of tooth loss of the patients who received
periodic preventive maintenance at a private office
during a 30-year period. According to their study,
calculated annual loss of teeth among individuals
aged 36 to 50 years at their first visit was 0.02,
while it was 0.06 among those aged 51 to 65 years.
In our study, during maintenance care for 31 years,
the annual loss of those starting maintenance care
at the age of less than 40 years was 0.053, while it
was 0.116 among those starting maintenance care
over the age of 40.

Furthermore, other research clarified that the
combination of early diagnosis and treatment with a
proper preventive program, performed by a dentist
or a dental hygienist (including plaque disclosure,
professional teeth cleaning, and the use of a fluoride-

continuing dentifrice/paste), effectively reduced
the rate of tooth loss3?, and multiple sources have
indicated that long-term periodic dental mainte-
nance is important for the prevention of dental
disease as well as tooth loss33~37,

The implication that tooth loss more likely
occurred with non-vital teeth, suggests a practical
guideline of keeping teeth out of pulpectomy for
preventing tooth loss in the later years. Axelsson et
al.3V stated that the main reason for tooth loss
under continuing professional care was root frac-
ture. It can be suggested that many fractured non-
vital teeth tended to be extracted during mainte-
nance care, although the present study did not
make any detailed analysis of the cause of tooth loss.
The two clinics in the present study do not provide
removal of dental pulp expedientially and perform it
only when necessary, as for crown restoration. It
can be proposed that periodic maintenance prog-
ram both facilitating discovery of caries at an early
stage and also preventing dental pulp infection, may
reduce the overall rate of tooth loss.

We would suggest that dental practitioners
should be aware of the relationship between
general health and oral health in order to keep teeth

of the elderly longer through maintenance care.
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