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Abstract

Objectives: The aim of this retrospective study was to determine the clinical and the radiographic

outcomes of dental implants placed in elderly people older than 65 years.

Materials and methods: In total, 902 implants in 346 patients (age: 65–89 years) were followed up

for 2–17 years following the implant surgery. The survival rate of these implants was recorded and

analyzed. Changes in marginal bone levels were also analyzed in serial radiographs, and Cox

regression analysis for implant loss was performed.

Results: The survival rates were 95.39% and 99.98% in the implant- and patient-based analyses,

respectively (involving a total of 29 implant failures), and the marginal bone loss at the implants

was 0.17 � 0.71 mm (mean � SD). The number of failures was greatest in patients aged 65–

69 years. The Cox regression with shared frailty analysis showed that implant loss was significantly

greater in those aged 65–69 years than in those aged 70–74 years (P < 0.05), and it varied between

specific implant systems.

Conclusions: Within the limitations of this retrospective study, it was concluded that implant

therapy can be successfully provided to elderly patients and that age alone does not seem to affect

the implant survival rate.

Elderly people often present with physiologic

or pathologic changes such as severe alveolar

ridge resorption, osteoporosis, xerostomia,

diabetic mellitus, or cardiovascular diseases

during the aging process (Zarb & Schmitt

1994; Al Jabbari et al. 2003). As osseointegra-

tion is largely governed by the wound-healing

response of a patient, successful outcomes for

dental implants could be expected to be less

likely in older patients due to the relation-

ships of age with osteoporosis (Cummings

et al. 1985) or gingival healing capacity

(Holm-Pedersen & Loe 1971). The alveolar

bone quantity and quality are often compro-

mised in elderly people relative to younger

subjects (Bryant 1998), which can present

more challenging clinical situations for

implant placement. Also, elderly people tend

to consume more medications associated

with systemic diseases, and some such medi-

cations have been demonstrated to affect the

prognosis of dental implants (Fu et al. 1997).

It was demonstrated that advanced age is a

potential contraindication to the success of

osseointegration (Salonen et al. 1993), which

was subsequently supported in another study

(Brocard et al. 2000). This situation has

resulted in practicing dentists and dental

researchers paying considerable attention to

the impact of aging itself on the prognosis of

implants (Zarb & Schmitt 1994; Garg et al.

1997; Bryant & Zarb 1998, 2003; Al Jabbari

et al. 2003). Although there are previous

reports of the age-related characteristics of

dental implant prognosis, the true impact of

age on dental implants remains controversial.

For instance, Smith et al. (1992) investigated

the medical risks associated with dental

implants in 104 patients with a mean age of

52.8 years with 313 implants and concluded

that age, sex, and concurrent use of drugs

were not correlated with increased implant

failure rates. Another study found that most

of their 48 patients older than 80 years with

254 implants experienced minimal problems

postsurgery (as for younger patients), and it

was concluded that age is not a risk factor for

dental implant outcome (Jemt 1993).

As implant failures seem to be a multifac-

torial problem, it is difficult to evaluate the
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impact of age alone on the results of implant

treatment. However, most of the discrepan-

cies among previous studies seem to be asso-

ciated with improper or prebiased study

designs. Therefore, studies involving larger

samples with long-term evaluation periods

are required to determine the effects of age

on implant therapy with adequate statistical

power.

The aim of this retrospective study was to

determine the clinical and radiographic out-

comes of dental implants placed in elderly

people older than 65 years.

Material and methods

A retrospective 17-year follow-up study was

performed involving elderly patients aged

over 65 treated consecutively with dental

implants at a single clinic by two experi-

enced surgeons (K.S.C. and U.W.J.) in the

Department of Periodontology, College of

Dentistry, Yonsei University, Seoul, Korea,

between 1997 and 2012 (Orimo et al. 2006).

The enrolled patients were recalled for check-

ups from May 2013 to June 2014.

Study population

The original study group consisted of 367

patients and 945 implants. However, 21

patients with 43 implants were lost to follow

up for reasons of death (two patients with

five implants), refusal to attend checkup (10

patients with 14 implants), and loss of con-

tact (nine patients with 24 implants). There-

fore, the final study group consisted of 346

patients and 902 implants. The patients were

aged from 65 to 89 years (70.34 � 4.67 years,

mean�SD) at the time of the surgery, and

the follow-up duration was 71.19 �
43.45 months (median = 2171 days [IQR =

2249 days]). The study design was reviewed

and authorized by the Institutional Review

Board of Yonsei University Dental Hospital

(approval no. 14-0094).

The information regarding systemic dis-

eases was obtained from the patient records.

There was at least 1 systemic disease present

in 236 of the 346 patients. No adverse reac-

tions related to systemic disease were

observed following the surgical procedures.

The dominant disease was hypertension

(n = 149) and 110 of the subjects were

healthy without any reported diseases.

Patient registration

All data were retrieved retrospectively from

the patients’ dental records, including infor-

mation on age, sex, general health, time of

implant surgery, implant manufacturer, and

position and number of implants. Patients

were recalled for checkup on a routine basis,

but also individually recalled for closer

checkups if this was considered necessary.

Moreover, all of the patients were encouraged

to contact the clinic if they experienced any

problems with their prostheses.

Outcome measurements

The following outcome measurements for

implants placed in elderly populations were

applied in this study:

Implant failure

Implant failure was assessed based on

implant loss, presence of mobility, or

removal due to severe peri-implant infection

or implant fracture. Implant survival was

considered to have occurred for the following

outcomes (Buser et al. 1997; Cochran et al.

2002): (a) absence of clinically detectable

implant mobility, (b) absence of pain and sub-

jective discomfort, (c) absence of peri-implant

infection, and (d) absence of continuous radi-

olucency around the implant.

Peri-implant marginal bone loss

Panoramic radiographs obtained at implant

placement and at every follow-up visit were

analyzed based on changes in marginal bone

levels (Akesson 1991; Draenert et al. 2012).

The distance between the implant reference

point (the fixture–abutment junction) and the

marginal bone level, on both the mesial and

distal sides of the implants, was recorded by

two blinded examiners (J.C.P. and W.S.B.).

The value between the mesial and distal

sides of the implant was used for calculating

the marginal bone loss.

Statistical analysis

Data collection and analysis were performed

by two independent examiners (J.C.P. and

W.S.B.). Conventional descriptive statistics

(mean and SD values) were used for the pre-

sent study materials. The overall survival

rate of implants was estimated by Kaplan–

Meier survival estimates for implant-based

analysis, and by Cox regression with shared

frailty hazard regression for patient-based

analysis. The analysis unit was each

inserted implant in the implant-based analy-

sis, whereas it was each patient – considered

as many times as the number of implant

surgical sessions undertaken – in the sur-

gery-based analysis. Finally, the patient-

based analysis considered each patient

only once independently of the number of

implants received. The cutoff for statistical

significance was set at 5%. Cox proportional

hazards regression (with forward stepwise

selection in the 2 log likelihood ratio test)

was used to identify the risk factors related

to implant loss. The covariates studied

included age, sex, implant position, bone

type and quantity, the reason for extraction,

and the implant system. Descriptive statis-

tics, Student’s t-test, and two-tailed Pear-

son’s correlation test were performed using

standard statistical software (Stata, version

13, Stata Corporation, College Station, TX,

USA).

Results

Implant survival and Kaplan–Meier estimates

The 346 patients who received 902 dental

implants comprised 217 males and 129

females (Table 1), with 506 and 243 implants

placed in patients aged 65–69 and 70–

74 years, respectively.

Twenty-nine implants were removed due

to failure during the follow-up period in 18

patients. Most (n = 22) of the failures

occurred in patients aged 65–69 years

(Table 2), followed by three and four

implants failing in patients aged 70–74 and

75–79 years, respectively. The overall sur-

vival rate of implants was estimated in

implant- and patient-based analyses. At the

end of the study period, the survival rates

were 95.39% and 99.98% in the implant- and

patient-based analyses, respectively. The

Kaplan–Meier estimates and Cox regression

with shared frailty hazard regression analysis

of implant survival are illustrated in Fig. 1.

The number of failures was highest for

implants manufactured by Nobel Biocare

Table 1. Patients and implant fixture distribution according to age group and sex

Age group, years
Males Females

Total
Number
of implantsn (%) n (%)

65–69 116 (62.4) 70 (37.6) 186 506
70–74 65 (63.7) 37 (36.3) 102 243
75–79 26 (56.5) 20 (43.5) 46 131
80–84 9 (90.0) 1 (10.0) 10 17
85–89 1 (50.0) 1 (50.0) 2 5
Total 217 129 346 902
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(Gotenburg, Sweden) (Table 3). Each case was

carefully analyzed in a dental chart. Fifteen

implants in 11 patients were lost within the

first year of loading. The reason for the loss

of each implant is summarized in Table 4.

The marginal bone level was measured in

882 implants of the 902 implants by two

experienced examiner (J.C.P. and W.S.B.) and

was 0.17 � 0.71 mm. As only 71 implants

showed marginal bone loss, the average of

marginal bone loss for these implants was

measured 2.08 � 1.52 mm (median = 1.49

[IRQ = 1.79]). The bone loss was greatest

(0.21 � 0.79 mm) in those aged 65–69 years,

while 22 implants placed in patients older

than 80 years showed no marginal bone loss

during the follow-up period.

Multivariable Cox regression with shared
frailty for implant loss

Multivariable regression analysis using the

Cox frailty model showed that the implant

loss was not affected by sex, implant location

(anterior/posterior or maxilla/mandible), bone

type, or bone quantity. Instead, the age speci-

ficity of implant loss showed that this was

significantly greater in those aged 65–

69 years than in those aged 70–74 years

(P = 0.033) (Table 5). Also, some of the

implant systems showed significantly greater

implant loss, and implant failure rate was sig-

nificantly greater in males than in females.

Discussion

It is necessary to evaluate the nature of aging

as a risk factor for dental implants given that

this is considered to be a feasible treatment

option for most of the older patients. How-

ever, there is lack of evidence on this issue

(Kondell et al. 1988; Jemt 1993; Zarb & Sch-

mitt 1993; Ochi et al. 1994). The present

study investigated the impact of aging using

a retrospective cohort study model with a 17-

year follow-up period.

A previous study involving a relatively

large group of patients found that advanced

age appeared to increase the risk of implant

failure, with the rate of adverse outcomes

being twofold higher in patients older than

60 years (Moy et al. 2005). The present study

found that the failure rate of implants placed

in people older than 65 years was 4.61% at

the implant level and 0.02% at the patient

level; these proportions are similar to those

found in previous studies (Kinsel & Liss

2007). However, there are little, if any, stud-

ies which compared the outcomes in older

and younger patients in a case–control study

form (Kondell et al. 1988; Zarb & Schmitt

1993; Ochi et al. 1994), and the results are

conflicting which may be resulted from the

different age criteria or the homogeneity of

implant systems, diameter/length, additional

surgeries, or prosthetic treatments. To fully

investigate the age-specific impact on the

prognosis of implants, a carefully designed

prospective matched case–control study is

required for further study.

One particularly interesting finding is that

15 of the osseointegration failures in the pre-

sent study took place within 1 year after the

implant placement. It has been well demon-

strated that aging impedes skeletal healing in

both humans (Skak & Jensen 1988) and ani-

mals (Shirota et al. 1993; Meyer et al. 2004).

Recent developments in implants with vari-

ous macroscopic and microscopic designs,

better implant surface treatment techniques,

and the introduction of better surgical proce-

dures have significantly elevated the success

rate of dental implant therapies. However, it

remains important to fully advise patients

about the possibility of early failure due to

poor skeletal healing, and the implant system

should be carefully selected so as to maxi-

mize bone healing (Chae et al. 2015). As the

quality and quantity of bone is greatly

affected by aging, objective analysis prior to

surgery is also crucial. However, recent sys-

tematic reviews have concluded that it is not

clear whether the systemic osteoporosis is

associated with the jawbone density. There-

fore, aged patients with osteoporosis may pre-

sent different jawbone state and the

clinicians should evaluate the skeletal bone

densities as a separate entity (Calciolari et al.

2015a,b).

Another interesting finding was that most

of the implant failures occurred in those aged

65–69 years, and the survival rate was fairly

good in patients older than 70 years. Further-

more, there were no cases of failure in

Table 2. Surviving and failed implants according to age group

Age group, years
Surviving Failed

Total
Number of patients
with failed implantsn (%) n (%)

65–69 484 (95.7) 22 (4.4) 506 14
70–74 240 (98.8) 3 (1.2) 243 2
75–79 127 (97.0) 4 (3.1) 131 2
80–84 17 (100.0) 0 (0) 17 0
85–89 5 (100.0) 0 (0) 5 0
Total 873 29 902 18

Fig. 1. The implant survival analysis. (a) Kaplan–Meier survival estimates for implant-based analysis show survival

rate of 95.39% over time. (b) Cox regression with shared frailty for the survival of implants at patient level reveals

the survival rate of 99.98%. (c) The overall Kaplan–Meier survival estimates grouped by ages show that the survival

rate was the lowest in 65–69 age group.
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subjects older than 80 years. It seems that

retrospective cohort studies may have been

influenced by selection bias, with the success

rates being higher due to elderly patients not

being willingly to undergo implant place-

ment involving an advanced bone graft or

when an extended healing period is expected.

Also, the advanced and complex surgical

modalities would have been circumvented

using shorter and narrower implants in older

patients. These factors could have interfered

with evaluations of impact of age on implant

outcomes.

Regarding the true effect of age on crestal

bone loss around dental implants, a more

definitive conclusion should be corroborated

by more scientific and tenable long-term

studies involving broader age ranges. It is

reasonable to assume that aging is associ-

ated with impairment of the healing poten-

tials of soft tissue and skeletal healing

(Holm-Pedersen & Loe 1971). However, no

study has compared the survival of

implants between elderly subjects and prop-

erly matched younger groups. A few studies

(Kondell et al. 1988; Bryant & Zarb 1998)

have tried to match the test and control

groups with respect to the diversity of vari-

ous parameters, including sex, implant sys-

tem, implant diameter and length, site,

prosthetic result, and systemic health. As

the elderly are usually provided with

implant-supported dentures on edentulous

jaws, the relatively high success rate of

implants in this population could have been

masked by favoring a site-specific basis

rather than the age-specific difference (Bry-

ant & Zarb 1998). As it is virtually impos-

sible to perform a randomized, controlled

clinical trial in a case study with matching

ages, a long-term evaluation study with

substantial numbers of subjects of various

ages should be performed in order to fully

Table 4. Case list of failed implants

Patient characteristics Implant characteristics Surgery Implant loss

Patient
number

Age,
years Sex

Systemic
disease

Length,
mm

Diameter,
mm System

Tooth
number

Advanced
surgery Reason for failure

Duration before
implant failure
(months)

1 67 Male HTN 13 3.75 Branemark 37 No Screw fracture 116
HTN 11.5 4 Osstem 46 No Osseointegration

fail
1.5

HTN 10 4.5 Osstem 47 No Osseointegration
fail

1.5

HTN 15 3.75 Branemark 36 No Fixture fracture 116
2 65 Male N-S 10 5 Branemark 47 No Infection 0.5
3 69 Male N-S 10 4.1 Straumann 14 No Osseointegration

failure
3

N-S 8 4.1 Straumann 26 No Peri-implantitis 20
4 71 Female HTN 8.5 4 Branemark 37 No Infection 1

HTN 8.5 4 Branemark 36 No Infection 1
5 68 Male HTN 13 3.5 Replace 22 No Osseointegration

failure
1

6 65 Female N-S 11.5 4 Branemark 46 No Peri-implantitis 47
N-S 8.5 5 Branemark 47 No Peri-implantitis 47

7 66 Male N-S 10 3.3 Straumann 32 No Osseointegration
failure

2

8 69 Male N-S 8 4.8 WN Straumann 37 Yes Unknown 25
9 73 Male DM 7 4 Branemark 35 No Peri-implantitis 29

10 69 Male HTN, DM 13 4 Branemark 15 No Infection 0.5
11 75 Male N-S 10 5 Branemark 37 No Peri-implantitis 21
12 68 Male N-S 10 5 Branemark 37 No Osseointegration

failure
12

13 69 Male N-S 10 5 Branemark 17 No Osseointegration
failure

17

14 68 Male N-S 11.5 4 Branemark 45 No Fracture 120
15 68 Male HTN 8.5 5 Branemark 27 No Osseointegration

failure
5.5

16 68 Female HTN 8.5 5 Branemark 26 No Peri-implantitis 115
HTN 8.5 5 Branemark 27 No Peri-implantitis 115

17 66 Male HTN 11.5 4 Branemark 23 No Peri-implantitis 48
HTN 11.5 4 Branemark 25 No Peri-implantitis 48
HTN 8 4.1 Straumann 37 No Osseointegration

failure
6

18 76 Male HTN 10 3.5 Replace 23 No Osseointegration
failure

3

HTN 11.5 4 Branemark 24 No Osseointegration
failure

2

HTN 11.5 4 Branemark 23 No Osseointegration
failure

2

HTN, hypertension; DM, diabetes mellitus; N-S,nonspecific; WN, wide neck.

Table 3. Number of failed implants according
to implant system

Implant system
Failed implants/total
implants

Branemark (Nobel
Biocare)

20/345

Straumann 5/352
Osstem 2/139
Replace (Nobel
Biocare)

2/35

Other systems* 0/31
Total 29/902

*Other systems include Implantium (Dentium,
Seoul, South Korea), Luna (Shinhung, Seoul,
South Korea), Neo (Neo Biotech, Seoul, South
Korea), SPI (Thommen Medical, Waldenburg,
Switzerland), and 3i (Biomet, Warsaw, IN,
USA).
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understand the impact of aging on implant

outcomes.

Another interesting result in the present

study was that marginal bone loss was rela-

tively greater in males (data not shown),

which may be interpreted interchangeably

with the greater incidence of peri-implantitis

in males, especially in the presence of a his-

tory of periodontitis or smoking habit (Striet-

zel et al. 2007; Koldsland et al. 2011;

Mombelli et al. 2012; Busenlechner et al.

2014). Although a large amount of literature

points to the accumulation of biofilm being

the main reason for bone resorption around

an implant (i.e., “peri-implantitis”), several

authors have indicated that many factors

other than infection may be involved, includ-

ing patient-, clinician-, and foreign-body-

related factors (Albrektsson et al. 2012).

Therefore, meticulous consideration of

elderly patients throughout these treatments

as well as the appropriate maintenance of

correct oral hygiene and high patient compli-

ance should be emphasized (Mombelli et al.

2012).

The results obtained in the present study

suggest that the patient’s age does not repre-

sent a factor of major prognostic significance

in implant treatment, whereas bone quantity,

bone quality, or implant systems may be

more critical to a favorable result (de Baat

2000). Recent studies indicate that the life-

course epidemiology could be a useful instru-

ment to investigate a causal connection

between early exposures and later outcomes

of chronic oral conditions, and age as a risk

factor for dental implants could be considered

as the results from the accumulated events

throughout the life course (Nicolau et al.

2007a,b; Nascimento et al. 2014). Also, the

concurrent occurrence of medical conditions

including oral dryness and osteoporosis may

cause delayed healing (Garg et al. 1997), and

so extra care should be applied both during

and after surgery.

Within the limitations of the present

study, it has been shown that age alone does

not appear to affect the success of implants

nor the marginal bone loss, with fairly high

implant survival rates being observed during

a long-term follow-up period.
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