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Purpose: Little is known about the relationship between implant patient mortality
compared to reference populations. The aim of this study was to report the mortality
pattern in patients treated with dental implants up to a 15-year period, and to
compare this to mortality in reference populations with regard to age at surgery, sex,
and degree of tooth loss. Materials and Methods: Patient cumulative survival rate
(CSR) was calculated for a total of 4,231 treated implant patients from a single clinic.
Information was based on surgical registers in the clinic and the National Population
Register in Sweden. Patients were arranged into age groups of 10 years, and CSR
was compared to that of the reference population of comparable age and reported
in relation to age at surgery, sex, and type of jaw/dentition. Results: A similar,
consistent, general relationship between CSR of different age groups of implant
patients and reference populations could be observed for all parameters studied.
Completely edentulous patients presented higher mortality than partially edentulous
patients (P < .05). Furthermore, implant patients in younger age groups showed
mortality similar to or higher than reference populations, while older patient age
groups showed increasingly lower mortality than comparable reference populations
for edentulous and partially edentulous patients (P < .05). Conclusion: A consistent
pattern of mortality in different age groups of patients compared to reference
populations was observed, indicating higher patient mortality in younger age groups
and lower in older groups. The reported pattern is not assumed to be related to
implant treatment per se, but is assumed to reflect the variation in general health of a
selected subgroup of treated implant patients compared to the reference population
in different age groups. Int J Prosthodont 2015,28:5669-576 doi: 10.11607/ijp.4644

ental implants are used as anchorage for pros-
theses that replace lost teeth. Teeth are lost as
a result of trauma or any of various dental diseas-
es, and in recent decades an association has been
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reported between number of missing teeth and dif-
ferent general diseases.'"® Accordingly, it has been
suggested that the health of a patient’s oral cavity
mirrors the overall health of the patients,” showing a
relationship “between developments in oral and gen-
eral health among older people.”® In line with these
observations, an association has also been report-
ed between number of remaining teeth and patient
mortality, showing increased mortality with higher
number of lost teeth.59-'® For example, Osterberg et
al concluded that “number of teeth is a significant
predictor of 7-year mortality in 75-year-old women
independently of a number of factors related to life-
style, disease, and reduced functional capacity.”"
Furthermore, Cabrera et al concluded that “number
of missing teeth, independently of socio-economic
status variables (the husband’s occupational catego-
ry, combined income, and education) was associated
with increased all-cause mortality and cardiovascular
disease, respectively.”®
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Patterns of Mortality in Implant Patients

Along the same lines, recent data from two different
implant studies suggest a relationship between age at
implant treatment and patient mortality.®'® Kowar et
al'® confirmed earlier studies that concluded that par-
tially edentulous elderly patients treated with implants
presented a lower mortality than treated fully eden-
tulous implant patients, but also that elderly implant
patients as a group showed lower mortality compared
to a reference population of comparable age. These
observations were further supported by Friberg and
Jemt,'> who reported in another study on edentulous
patients treated with implants that elderly patients
presented a lower mortality compared to a reference
population, but here also younger edentulous patients
presented higher mortality than a reference popula-
tion of comparable age. These two studies indicate
a possible pattern of mortality in implant-treated pa-
tients with regard to age at treatment where younger
patients seem to show higher mortality and older pa-
tients lower mortality than the comparable reference
population.

The aim of the present study was to report the mor-
tality pattern in a larger group of patients treated with
dental implants and to compare this pattern to mor-
tality in reference populations with regard to age at
surgery, sex, and degree of tooth loss. The hypothesis
was that there is an association between patient age
at implant surgery and patient mortality compared
to reference populations, as indicated in previous
studies.

Materials and Methods

The present study is a retro-prospective study'’ based
on patient registers covering all implant patients pro-
vided with implants consecutively treated on a rou-
tine basis at one specialist clinic (Branemark Clinic,
Public Dental Health Service, in Region of Vastra
Gotaland, Sweden) during the period from January
1986 to December 1997 (12 years).’® Another group
of patients treated with implants only in the edentu-
lous jaw between January 2004 and December 2008
were identified as well for presenting possible consis-
tency of observed results over time. The present study
has been approved by the local ethical committee in
Goteborg, Sweden (reg no. 197-12).

From these registers, total numbers of patients and
total numbers of implant operations were retrieved.
Data from identified patients were retrieved from the
surgical registers with regard to time at surgery, age at
implant surgery, sex, and type of treated jaw (maxilla/
mandible and partially/fully edentulous). Patients who
were surgically treated several times at the clinic were
included as identified at the time of their first sur-
gery. Accordingly, if the patient was first treated for
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an edentulous maxilla, this patient is categorized for
data purposes as a patient with an edentulous maxilla
(edentulous patient) and any treatment in the man-
dible is not included. If the patient was treated the
first time with one or more implants in the partially
edentulous maxilla, this patient is recorded as a pa-
tient treated in a partially edentulous maxilla (partially
edentulous patient) and any further implant treatment
is not addressed. Data on numbers of patients treated
multiple times with implants in one or both jaws have-
been accounted for in a previous study.'® Patients with
major bone grafts placed under general anesthesia in
the hospital, patients from abroad (n = 50), and pa-
tients who emigrated after implant surgery (n = 42)
were excluded from this study.

Information on whether the patients were alive
or deceased was collected from the official national
Swedish population database (Vastfolket) from time
of implant surgery to May 2014. When patients were
deceased, the date was noted and used for calcula-
tion of patient cumulative survival rate (CSR) during
follow-up.'®'® Furthermore, as described in earlier
studies,'®'® information was collected for each indi-
vidual patient regarding remaining life expectancy at
the time of implant surgery using life tables on the
Swedish population.’®-2' Based on this data for indi-
vidual patients, an expected mean CSR was calcu-
lated for a reference group of the Swedish population
(reference population CSR). CSR for the refer-
ence group was based on survival data for the en-
tire Swedish population, including persons of the
same age and sex at the same time as the patient.
Thereafter, calculated CSR data for patients and ref-
erence populations were compared for different age
groups based on age at time of surgery.

Statistical Analyses

In the present report, descriptive data are presented
as numbers, frequencies, means, and standard devi-
ations. Patients were grouped according to age (20 to
29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, and
80 to 89 years) and by type of treated jaw (partially or
fully edentulous; maxilla or mandible). Life table cal-
culations have been used (Kaplan-Meier analysis) to
estimate survival stratified by age group and degree
of edentulism (fully or partially edentulous) in the
treated jaw in relation to mortality in the reference
population. Log-rank and chi-square tests were
used to test differences in survival between the ref-
erence population and treated patients. CSR for the
Swedish population was used to calculate mortality
in the age-specific reference groups. The calculated
P values were considered statistically significant if
P < .05.
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Fig1 Number of treated fully and partially edentulous patients
per year during the two treatment periods, 1986 to 1997 and
2004 to 2008. Note that the year axis is truncated.

Results

A total of 4,267 patients were consecutively treated
with implants and included for follow-up during the
periods included in the present study. Of these pa-
tients, 36 were not possible to identify in the national
population register (0.8%). The remaining 4,231 pa-
tients followed up in the present study are accounted
for with regard to age group, type of treated jaw, and
period of inclusion in Table 1 and Figs 1 and 2.

All partially and fully edentulous patients included
from 1986 to 1997 (Table 1; n = 3,812) were followed
up for at least 15 years. A total of 18 patients treated for
a fully edentulous jaw (n = 2,568 patients) reached an
age of 100 years or older (0.70%). Two patients treat-
ed for a partially edentulous jaw (n = 1,244 patients)
reached an age of 100 years or older during follow-up
(0.16%). Between the two groups, 2,097 patients were
deceased (55.0%) during the entire 28 years of inclu-
sion/follow-up. During the 15 years of follow-up, 1,241
patients were deceased (37.7%): 236 patients treated
for a partially edentulous jaw (19.0%), and 1,005 pa-
tients treated for a fully edentulous jaw (39.1%).

In the fully edentulous group of consecutively treat-
ed patients with only 5 years of follow-up time (2004
to 2008), 57 patients were deceased during the first
5 years (13.6%), compared to 187 deceased patients
(7.2%) for the original group of fully edentulous pa-
tients (1986 to 1997) after 5 years.

Fifteen-year life table survival curves were cal-
culated for all age groups of patients from 40 to 89
years (Figs 3 to 5). Results of statistical compari-
sons between partially and fully edentulous implant
patients and between patients and reference popu-
lations are presented for different age groups in
Table 2. A consistently lower survival rate can be
observed for all fully edentulous groups compared
to partially edentulous patients. This difference was

Fig 2 Age distribution among fully and partially edentulous
patients at time of first treatment.

Table 1 Number of Patients and Median Age at First
Implant Surgery in Different Age Groups of
Partially and Fully Edentulous Jaws
Partially Fully edentulous  Fully edentulous
Age edentulous (1986-1997) (2004-2008)

group Patients Median Patients Median Patients Median

) (ho) age(y) (o) age(y) (no) age(y)
<20 86 18

20-29 138 23 2 27

30-39 93 35 40 37 3 36
40-49 145 46 249 46 18 46
50-59 234 55 596 55 42 54
60-69 198 65 850 65 158 66
70-79 198 73 704 73 131 75
80-89 30 83 125 82 61 83
> 89 2 92 6 91
Total 1122 57 2568 65 419 69

statistically significant for all groups (P < .05) except
for 70 to 79 years (Table 2).

For fully edentulous patients, the survival rate was
lower for the younger age groups (40 to 69 years) and
higher for the older age groups (70 years and older)
compared to reference populations (Figs 3 to 5).
These differences were significant for all age groups
(P < .05) (Table 2). The difference in survival rate be-
tween patients and reference populations showed
a systematic increase with increased age (Fig 6).
Patients treated for a partially edentulous jaw pre-
sented statistically significant lower mortality com-
pared to reference populations in age groups older
than 50 years (Table 2) and showed a similar pattern
of increased difference with increased age (Fig 7).
For age groups younger than 50 years, survival rates
of partially edentulous patients were comparable to
those of reference populations (P > .05) (Fig 7).
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Fig 3 Life table survival curves for patients 40 to 49 years of
age at first treatment for groups of fully and partially edentulous
(1986 to 1997) patients compared to the reference population
at the same age interval during 15 years of follow-up. Note that
the axis for survival probability is truncated. Logrank test of
difference in overall survival P = .0005.
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Fig 5 Life table survival curves for patients 80 to 89 years
of age at first treatment (1986 to 1997) for groups of fully
and partially edentulous patients, compared to the reference
population at the same age interval during 15 years of follow-
up. Logrank test of difference in overall survival P < .0001.

Fig 4 Life table survival curves for patients 70 to 79 years
of age at first treatment (1986 to 1997) for groups of fully
and partially edentulous patients, compared to the reference
population at the same age interval during 15 years of follow-
up. Logrank test of difference in overall survival P < .0001.

Table 2 Comparisons of 15-Year Survival Stratified by
Age and Degree of Edentulism,
Versus a Reference Population Based on
Kaplan-Meier Life Table Curves

Testing equal survival curves

Fully edentulous  Fully edentulous Partially
Age (B)vs (B)vs edentulous (P) vs
group partially reference reference
) edentulous (P) population (R) population (R)
40-49 E<P*,P=.0006 E<R, P=.008 P=R P=.6
50-59 E <P, P<.0001 E<RP<.0001 P>R P<.0001
60-69 E<P P<.0001 E<RP<.0001 P>R P<.0001
70-79 E=PP=4 E>R,P<.0001 P>R P<.0001
80-89 E<PP<.0001 E>R,P<.0001 P>R, P<.0001

*E < P indicates that fully edentulous patients have a
significantly lower 15-year survival rate than partially edentulous
patients (P < .05).
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Fig 6 The difference in 15-year survival between reference
population and patients in different age groups over time for
fully edentulous patients treated between 1986 and 1997. The
difference shows the highest mortality for the youngest age
group, followed by a consistent shift toward lower mortality in
older age groups. In the later part of the follow-up period, an
increasing mortality in relation to the reference population can
be observed in the oldest age groups.
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Fig 7 The difference in 15-year survival between reference
populations and patients in different age groups over time for
partially edentulous patients treated between 1986 and 1997.
This group shows a similar pattern as that seen in fully eden-
tulous patients.
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Fig8 Difference in survival between reference population and
patients in different age groups of fully edentulous patients after
5 years of follow-up, divided into three different time periods.
Data indicate a comparable mortality pattern over different pe-
riods for the same age groups, but the youngest patient group
(40 to 49 years) in the latest period of treatment (2004 to 2008)
showed a significantly higher mortality than in the two earlier
treatment periods (P < .05).
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Fig9 Difference in survival between reference population and
patients in different age groups for fully edentulous patients
treated between 1986 and 1997 after 5, 10, and 15 years of
follow-up. Data indicate a comparable mortality pattern over
time for the same age groups, but patients aged 40 to 59 years
of age show higher mortality after 15 years than after 5 years,
and the oldest age group shows a decreasing difference after
15 years than after 5 years.

Fig 8 presents the differences for edentulous
patients in age groups from 40 years to 80 years
followed up for 5 years and treated during three dif-
ferent periods: 1986 to 1991, 1992 to 1997, and 2004
to 2008. A lower mortality was observed in the oldest
age groups (80 to 89 years) compared to the refer-
ence population for all periods of treatment. Younger
patient age groups showed similar or higher mortality
compared to reference populations. Edentulous pa-
tients treated during the last period (2004 to 2008)
presented a significantly higher mortality (P < .05)
than the youngest age groups (40 to 49 years) (Fig 8).

Figs 9 and 10 show the pattern of difference in
mortality between the reference population and pa-
tients after 5, 10, and 15 years of follow-up for fully
(Fig 9) and partially edentulous patients (Fig 10), and
Figs 11 and 12 show the same pattern for treatments
in the maxilla and mandible for fully (Fig 11) and par-
tially edentulous jaws (Fig 12).

Fig 10 Difference in survival between reference population
and patients in different age groups for partially edentulous pa-
tients treated between 1986 and 1997 after 5, 10, and 15 years
of follow-up. Data indicate a comparable mortality pattern over
time for the same age groups, but the youngest patients (20 to
39 years) show higher mortality after 15 years as compared to 5
years and the oldest age group shows a decreasing difference
after 15 years than after 5 years of follow-up.

Discussion

The present study was based on a total of 4,231
implant-treated patients. Only one clear and easily
defined endpoint (patient mortality) was used dur-
ing follow-up. The majority of patients were possible
to follow up using the national population register,
and drop-out patients were few over 15 years (< 1%).
Included patients were consecutively treated at a
single clinic, and to cover a large number of patients,
which was considered necessary for the study de-
sign, a relatively long period of inclusion was used.
This design also allows for analysis of the possible
impact of time on inclusion and treatment of pa-
tients. Accordingly, the number of partially edentu-
lous patients increased over time and the number of
fully edentulous patients decreased, which is in line
with general trends in implant dentistry (Table 1 and
Fig 1). Furthermore, it was observed that the fully
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Fig 11 Difference in survival rate between reference popula-
tion and patients in different age groups for fully edentulous pa-
tients treated between 1986 and 1997 after 5 and 15 years, by
treated jaw. Data indicate a comparable mortality pattern over
time for the same age groups, but patients aged 40 to 59 years
show higher mortality after 15 years than after 5 years and the
oldest age group shows a decreasing difference after 15 years
than after 5 years.

edentulous patients were older in the more recently
treated groups (Table 1), and it has also been report-
ed that the period of edentulousness before implant
surgery has decreased over time.?? Accordingly, it
could be assumed that the early fully edentulous pa-
tients show a wider range of time of edentulousness
than patients in the latest group (2004 to 2008). Still, a
consistent pattern of mortality was observed among
the groups over a 5-year period, with an increased
mortality only for the youngest fully edentulous pa-
tient group (P < .05), treated during the last period of
inclusion (2004 to 2008) (Fig 8). Accordingly, a similar
pattern of mortality can be observed for different pe-
riods of treatment, follow-up times, sex, jaws treated,
and degree of edentulism.

Included patients were divided into two groups with
regard to tooth loss: those with no teeth in the first
treated jaw (fully edentulous) and those with teeth re-
maining in the first treated jaw (partially edentulous).
This could be considered imprecise as numbers of re-
maining teeth could vary considerably among partially
edentulous patients and no information is available
on the dental situation in the opposing jaw. However,
even with these obvious methodological limitations
the results consistently show a significant difference
in mortality between partially and fully edentulous pa-
tients in various subgroups (P < .05), in agreement
with earlier studies based on total numbers of re-
maining teeth, where treatment per se has been dis-
regarded.>°1® Thus, with about 19% of the patients
treated with implants in both jaws,'® most with years
between the operations, and where no precise control
of total numbers of remaining teeth at first surgery
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Fig 12 Difference in survival rate between reference popula-
tion and patients in different age groups for partially edentulous
patients treated between 1986 and 1997 after 5 and 15 years of
follow-up by jaw treated. Data indicate a comparable mortality
pattern over time for the same age groups, but a higher mor-
tality for patients treated in the mandible as compared to the
maxilla could be observed for the group aged 30 to 39 years.
The oldest age group shows a decreasing difference in mortal-
ity after 15 years than after 5 years of follow-up.

is available, the present approach was considered
accurate enough to show the difference in mortal-
ity between partially and fully edentulous patients, in
accordance with earlier publications. In the study by
Kowar et al,'® a similar relationship to that reported in
the present study was observed between two smaller
groups of older patients who were either partially or
fully edentulous in both jaws.

An obvious deviation was observed in patient mor-
tality in relation to the expected pattern of mortality
in reference populations. Earlier studies suggested an
association between tooth loss and increased mor-
tality,>°-1% which was also observed in a recent study
on elderly implant patients.'® The present data further
support this observation with a consistent increase
in mortality for fully edentulous patients compared to
partially edentulous patients, in most groups reaching
a statistically significant level (Table 2). This observa-
tion is also consistent with the observation of higher
mortality compared to reference populations in fully
edentulous age groups younger than 69 years (Table
2 and Fig 6). The trend seems also to be that more re-
cently treated fully edentulous patients (2004 to 2008)
show a higher risk of mortality than earlier treated
fully edentulous patients in the youngest age group
(40 to 49 years) (Fig 8). A reasonable interpretation of
this observation could be that complete tooth loss at
a younger age today is associated with a higher risk
of compromised general health than it was 20 to 30
years ago.

A consistent pattern of higher mortality for ful-
ly edentulous patients would imply that older age
groups of implant patients would show an increased
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mortality. However, this was not observed in the
present study (Table 2 and Fig 6), where older pa-
tients who were treated for a partially or fully eden-
tulous jaw show a significantly decreased mortality
(P < .05). This trend was more pronounced in the old-
er age groups (Figs 6 and 7). Accordingly, the present
results in elderly implant patients are not in line with
the expected pattern of higher mortality associated
with tooth loss,®°-1® but support earlier studies on
implant patients from the same patient group'®'® that
also reported lower mortality for older age groups.
Kowar et al'® suggested that this reduced mortal-
ity may be due to the fact that in the older patient
age groups, only the healthiest and most active pa-
tients ask for implant treatment, leaving the remaining
edentulous patients with compromised health without
implant treatment. Accordingly, it could be assumed
that the lower mortality in the older age groups in the
present study are not related to implant treatment per
se, but more associated with patient inclusion from a
larger group of edentulous older patients with various
levels of general health and motivation.'®

It was stated earlier that edentulousness can lead
to chewing problems as well as feelings of insecurity
and inferiority and considerable psychosocial prob-
lems, whereas implant treatment could significantly
improve patients’ quality of life and self-confidence.?
Tooth loss may lead to a compromised quality of life
that could be significantly improved by implant treat-
ment. Patterns of mortality in populations are very
complex and multifactorial, and differences in popu-
lations are difficult to interpret. Restoration of the
dentition with implants plays a minor role, if any, in
the observed reduced mortality in partially and fully
edentulous elderly patients. Instead, it could be as-
sumed that an individual elderly patient’s interest
in re-establishing mastication, oral function, and
speech to improve self-confidence and social inter-
action is important. It could be meaningful for the
patient to have good oral function not only for chew-
ing but also for social reasons. Recent studies have
addressed the importance of subjective well-being
and suggested that “eudemonic well being (sense of
purpose and meaning in life)” may even “have a pro-
tective role in health maintenance.”?* Accordingly,
Steptoe et al?* have reported that persons with the
highest levels of eudemonic well-being showed an
increased survival compared with persons with the
lowest levels of well-being.?#?% Furthermore, they
showed that well-being varied among regions; for
example, higher levels were found in Western Europe
than in Eastern Europe for older age groups.?* It is
reasonable to assume that type and number of den-
tal treatments may also differ among countries due
to various factors. Recently, Davidson et al?® reported

that an increased level of reimbursement for elder-
ly patients (65 years or older) within the Swedish
National Dental Insurance system increased the
volume of prosthetic treatment in these age groups
after 2008. Whether these changes had any impact
on the health profile of patients referred by general
dentists to specialist clinics is not known. However,
virtually no patients have been excluded from im-
plant treatment due to general health at the clinic
during the years, but some have been treated under
general health observation at the hospital.

Longevity is here calculated from National
Population registers, and incidence of centenar-
ians in reference populations in Sweden has been
estimated at 12.6 in 100,000 (0.016%) as of January
1, 2003.%” Present population data indicate a total
of 1,879 and 1,953 centenarians in Sweden in 2013
and 2014, respectively, corresponding to 0.019% and
0.020% of the total population.'®2228 However, it
has been observed that the incidence of centenar-
ians is much higher in certain geographical regions,
which are called blue zones.?” Among the patients
included in the present study, 4 out of the 1,879 still
alive at the termination of the study were 100 years
old or older (0.21%), which is ten times higher than
expected in the entire population. Accordingly, not
only can a generally lower mortality in elderly im-
plant patients be observed, but also that a higher
proportion of these patients may reach an extremely
advanced age compared with the general popula-
tion. This potential therapeutic blue zone further em-
phasizes the special character of this elderly group
of implant patients, for whom a strong interest in
treatment may be a more important factor for lon-
gevity than the treatment itself.

Conclusions

Within the limitations of the present study and consid-
ering the complexity of population data on mortality
patterns, the following conclusions could be made:

e Patients aged 69 years or younger treated for
an edentulous jaw present significantly higher
mortality compared to a reference population of
comparable age (P < .05).

* Patients treated for a fully edentulous jaw present
significantly higher mortality compared to patients
treated for a partially edentulous jaw (P < .05).

* Implant patients in the younger age groups show
a similar or higher mortality (P < .05) compared to
that expected in reference populations. Increased
mortality is especially pronounced in patients
treated for a fully edentulous jaw in the latest
period of inclusion (2004 to 2008) (P < .05).
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¢ In comparison to reference populations, in patient
age groups mortality is successively reduced from
increased or equal in the youngest age groups to
an obvious decrease in the oldest age groups
(P < .05).
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