
Influence of Age on Factors associated with Peri-implant Bone Loss after Prosthetic Rehabilitation

The Journal of Contemporary Dental Practice, January 2017;18(1):3-10 3

JCDP

ABSTRACT

Introduction: To verify the influence of age on factors associ-
ated with peri-implant bone loss after prosthetic rehabilitation 
over osseointegrated implants.

Materials and methods: This is an analytical, observational, 
and longitudinal study with initial 23 participants. Patients 
presenting with osseointegrated implants with their respective 
prostheses installed were included, and they could be carri-
ers of chronic and degenerative diseases, such as diabetes, 
osteoporosis, hypothyroidism, cardiovascular disease (CVD), 
and systemic arterial hypertension. Thus, 18 participants with 
57 implants were selected and followed up from 2009 to 2013. 
For statistical analysis, chi-square or Fisher’s exact test was 
used for the association of systemic conditions and bone loss. 
Student’s t-test was used for mean comparisons of age and 
number of total upper and lower implants.

Results: The average age of the sample studied was 71.05 
years (65–80). The average implant per person was 3.2. 
Smoking had an influence on both mesial and distal bone loss, 
and the latter was significant (p  =  0.0370). The association 
between bone loss and gender was also significant (p < 0.05). 
Moreover, male gender and upper implants were factors signifi-
cantly associated with bone loss. The systemic conditions, when 
isolated, did not have significant influence on implant survival.
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INTRODUCTION

Aging is a global physiological phenomenon, and with 
the increase in life expectancy, the concern of geriatric 
patients with oral health has been enhanced.1 Caries and 
periodontal disease are the main causes of dental loss.2 
Such loss occurs very often in the elderly,2 influencing 
mastication, speech, and esthetics, also aggravating 
chronic systemic and nontransmissible diseases, such as 
diabetes and hypertension, which commonly occur in 
aging individuals.3 Considering the need for dental care 
in the elderly, the World Health Organization (WHO) 
has set a goal for the year 2020 to minimize the impact of 
oral and craniofacial diseases on health and psychosocial 
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development.3 Thus, oral rehabilitation through osseoin-
tegrated implants has become an important instrument 
for promoting quality of life in the elderly.4

Current endosseous implants present a feature of inte-
gration with the human bone, known as osseointegration. 
Hence, implant-supported prostheses are currently the 
main form of rehabilitation for completely or partially 
edentulous elderly patients, providing retention and 
stability of the prosthetic device and allowing increased 
masticatory efficiency and safety, improved psychological 
factor and self-esteem,5 and consequently quality of life.

After oral rehabilitation with osseointegrated implants 
and prostheses installation, it is common for patients to 
lose contact with the professional who performed the oral 
rehabilitation, not showing up to return dental visits for 
follow-up and assessment of results of these procedures, 
which in Dentistry and, specifically, in Implantology are 
essential for the longevity of peri-implant health, thus 
compromising therapeutic success.6

The data analyzed for therapeutic success are peri-
implant tissue health, the state of prostheses installed, 
and patient satisfaction. However, some factors, such 
as osteoporosis contribute to implant failure, because 
bone disease has the potential to change bone quality 
and formation, thus affecting osseointegration.7 Other 
factors, such as smoking and alcoholism may also lead 
to the compromise of implant success.8 It is important to 
know the parameters that are directly related to implant 
success in elderly patients. Thus, the present work sought 
to verify the influence of age on factors associated with 
peri-implant bone loss after prosthetic rehabilitation over 
osseointegrated implants.

MATERIALS AND METHODS

This study was approved by the Research Ethics 
Committee in Human Beings (protocol #11/05465).

Type of Study and Sample Description

It is an analytical, observational, and longitudinal study 
developed in the city of Passo Fundo, RS, Brazil, at the 
School of Dentistry of the University of Passo Fundo 
(FOUPF-RS).

Included in the study were patients with osseointe-
grated implants of external hexagon, regular diameter, 
and length ranging from 8.5 to 11.5  mm (Conexão 
Sistemas de Prótese™, Arujá, Săo Paulo, Brazil), with 
their respective prostheses installed. The patients could 
have chronic and degenerative diseases, such as diabe-
tes, osteoporosis, hypothyroidism, CVD, and systemic 
arterial hypertension. All prostheses analyzed in the 
study were installed fixed prostheses from one to three 
elements. The initial sample included 23 individuals. 

The patients selected were followed up for 4 years with 
clinical and radiographic examinations in the period 
from 2009 to 2013, from the moment of installation 
of such prostheses. Five individuals quit the assess-
ments, resulting in a final sample of 18 patients with 
57 implants and respective prostheses, assisted at the 
institution.

Methods

Periapical radiographs of the implant region with posi-
tioning gauge were taken, automatically processed, 
scanned, and measured by a specific image processing 
software (ImageTool™ 2.0, San Antonio, Texas, USA) in 
order to perform measures calculated for both mesial 
and distal aspects. After determining a reference point 
common to all implants and defined as the implant 
platform, bone resorption was calculated by comparing  
the marginal bone with the level of implant platform. 
Such bone levels had their measurements expressed  
in pixels. The implants were classified into two groups: 
The first group included implants with and without 
mesial or distal bone loss, and the second group included 
implants according to the type of bone loss – without 
loss and with unilateral or bilateral loss. The participants 
were questioned regarding their systemic health, analyz-
ing the presence of chronic and degenerative diseases, 
such as diabetes, osteoporosis, hypothyroidism, CVD, 
and systemic arterial hypertension. Questions related 
to life habits, such as smoking, alcoholism, and bruxism 
were also verified. The nutritional analysis of patients 
was performed by the Mini Nutritional Assessment™ 
(MNA).9

Data Analysis

For statistical analysis, chi-square or Fisher’s exact test 
was used to study the association between bone loss 
and gender, presence of osteoporosis, hypothyroidism, 
diabetes, hypertension, heart disease, bruxism, smoking, 
and alcoholism, as well as the improvement of the MNA 
score. Moreover, Student’s t-test was used for mean com-
parisons of age, and number of total upper and lower 
implants among the participants with and without MNA 
score improvements. Univariate linear regression was 
used to observe the relation among the degree of bone 
loss, age, gender, presence of osteoporosis, hypothy-
roidism, diabetes, hypertension, heart disease, bruxism, 
smoking, and alcoholism. Significance levels (p) lower 
than 0.05 were considered statistically significant and 
levels between 0.05 and 0.1 were considered significance 
indicators. A program for data management and epide-
miological analysis (EpiInfo™ 3.5.1. Atlanta, Georgia, 
USA) was used for all analyses.
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RESULTS

Eighteen individuals with average age of 71.05 years – 
minimum of 65 and maximum of 80 years – participated 
in the research. The mean implant per person was 3.2, 
and a total of 57 implants were assessed. Among them,  
47 implants were followed up for 4 years, and 10 implants 
were followed up for 2 years.

The annual differences in bone heights between the 
initial assessment and at 2 or 4 years were calculated for 
both mesial and distal aspects. Negative values meant 
bone loss and positive values meant bone gain. Implant 
distribution according to mesial or distal loss frequency 
for clinical variables is presented in Table 1.

Table 2 presents implant distribution according to 
the type of bone loss and clinical variables. From the 
57 implants analyzed, 17 showed no loss, 13 presented 
unilateral loss, and 27 showed mesial and distal losses. 
For implants in men, 70.8% presented bilateral bone loss, 
contrasting with implants in women, where the rate was 
30.33%. Implants without loss were more frequent in 
women, considering that 42.4% of implants in women 
presented no bone loss. The association between bone loss 
and gender was significant (p < 0.05). The distribution 

of the type of loss and the presence or absence of heart 
disease was a significance level indicator (p < 0.1). The 
remaining variables were not significant.

Linear regression was used to observe the relation 
between the annual difference in peri-implant bone level 
and the variables of the study. Initially, univariate regres-
sions were performed with each factor being analyzed 
individually. The results are presented in Table 3. Negative 
coefficients represent mean bone loss associated with the 
factor, while positive coefficients represent bone gain. Thus, 
the presence of alcoholism, bruxism, and diabetes was 
associated with bone loss, although it was not significant. 
Bone height gain was associated with the presence of heart 
disease (significant), hypertension, and hypothyroidism. 
The variable of age was used numerically in such a way 
that the interpretation of its coefficient represents the mean 
difference of bone height gain (0.033 pixels) associated 
with 1 year of age difference. Implants in individuals that 
were 1 year older had a mean gain of 0.033 pixels per year.

Table 4 presents the results of the univariate model 
including the factors that presented p < 0.2 in the analysis. 
We observed that osteoporosis, heart disease, and implant 
site lost their significance when they were adjusted to 
other factors, such as gender, age, and smoking.

Table 1: Implant distribution according to mesial or distal loss frequency for clinical variables

Percentage Mesial loss Distal loss
Gender Yes No Yes No Total
Female 14 (42.4) 19 (57.6)** 15 (45.5) 18 (54.5)** 33 (57.9)
Male 19 (79.2) 5 (20.8) 19 (79.2) 5 (20.8) 24 (42.1)
Alcoholism
No 27 (55.1) 22 (44.9) 28 (57.1) 21 (42.9) 49 (86.0)
Socially 6 (75.0) 2 (25.0) 6 (75.0) 2 (25.0) 8 (14.0)
Bruxism
No 18 (52.9) 16 (47.1) 22 (64.7) 12 (35.3) 34 (59.6)
Yes 15 (65.2) 8 (34.8) 12 (52.2) 11 (47.8) 23 (40.4)
Hypothyroidism
No 25 (59.5) 17 (40.5) 25 (59.5) 17 (40.5) 42 (73.7)
Yes 8 (53.3) 7 (46.7) 9 (60.0) 6 (40.0) 15 (26.3)
Osteoporosis
No 30 (62.5) 18 (37.5) 30 (62.5) 18 (37.5) 48 (84.2)
Yes 3 (33.3) 6 (66.7) 4 (44.4) 5 (55.6) 9 (15.8)
Smoking
No 27 (52.9) 24 (47.1)** 28 (54.9) 23 (45.1)** 51 (89.5)
Former 6 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 6 (10.5)
Diabetes
No 32 (57.1) 24 (42.9) 33 (58.9) 23 (41.1) 56 (98.2)
Yes 1 (100) 0 (0.0) 1 (100.0) 0 (0.0) 1 (1.8)
Hypertension
No 23 (62.2) 14 (37.8) 25 (67.6) 12 (32.4)* 37 (64.9)
Yes 10 (50.0) 10 (50.0) 9 (45.0) 11 (55.0) 20 (35.1)
Heart disease
No 28 (65.1) 15 (34.9)* 29 (67.4) 14 (32.6)** 43 (75.4)
Yes 5 (35.7) 9 (64.3) 5 (35.7) 9 (64.3) 14 (24.6)
Total 33 (57.9) 24 (42.1) 34 (59.6) 23 (40.4) 57 (100.0)
*p < 0.1; **p < 0.05
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The nutritional assessment of the 18 participants 
was performed through a MNA9 questionnaire for each 
of the following assessments: Initial, 2 and 4 years. The 
MNA calculates two scores: Screening and global. Table 5  
shows the distribution of participants regarding the 
improvement in screening score, frequency of gender, 
and number and site of implant. The rate of men with 
improved screening score was higher, as well as the 
number of total and lower implants, although none of 
these tests was significant.

Table 6 shows the distribution of participants 
regarding the improvement in global assessment score, 
gender frequency, and number of implants. Women pre-
sented higher rate of improvement in the global score. 
Participants with improved global score had lower 
mean number of implants than participants with no 
improvement.

DISCUSSION

This longitudinal work sought to verify the relation of age 
and factors associated with peri-implant bone loss after 
prosthetic rehabilitation over osseointegrated implants. 
Moreover, there was evidence of the significant influence 

Table 2: Implant distribution according to the presence of loss for clinical variables

Percentage Bone loss
Gender No loss Unilateral Bilateral Total
Female 14 (42.4) 9 (27.3) 10 (30.3)** 33 (57.9)
Male 3 (12.5) 4 (16.7) 17 (70.8) 24 (42.1)
Alcoholism
No 15 (30.6) 13 (26.5) 21 (42.9) 49 (86.0)
Socially 2 (25.0) 0 (0.0) 6 (75.0) 8 (14.0)
Bruxism
No 11 (32.4) 6 (17.6) 17 (50.0) 34 (59.6)
Yes 6 (26.1) 7 (30.4) 10 (43.5) 23 (40.4)
Hypothyroidism
No 12 (28.6) 10 (23.8) 20 (47.6) 42 (73.7)
Yes 5 (33.3) 3 (20.0) 7 (46.7) 15 (26.3)
Osteoporosis
No 13 (27.1) 10 (20.8) 25 (52.1) 48 (84.2)
Yes 4 (44.4) 3 (33.3) 2 (22.2) 9 (15.8)
Smoking
No 17 (33.3) 13 (25.5) 21 (41.2)** 51 (89.5)
Former 0 (0.0) 0 (0.0) 6 (100) 6 (10.5)
Diabetes
No 17 (30.4) 13 (23.2) 26 (46.4) 56 (98.2)
Yes 0 (0.0) 0 (0.0) 1 (100) 1 (1.8)
Hypertension
No 9 (24.3) 8 (21.6) 20 (54.1) 37 (64.9)
Yes 8 (40.0) 5 (25.0) 7 (35.0) 20 (35.1)
Heart disease
No 10 (23.3) 9 (20.9) 24 (55.8)* 43 (75.4)
Yes 7 (50.0) 4 (28.6) 3 (21.4) 14 (24.6)
Total 17 (29.8) 13 (22.8) 27 (47.4) 57 (100.0)
*p < 0.1; **p < 0.05

Table 3: Univariate regression analysis with factors related to 
loss or gain of bone mass

Variable   Coefficient p-value r²
Alcoholism (socially/not) –2.127 0.22411 0.03
Bruxism (Yes compared with No) –0.782 0.52989 0.01
Diabetes (Yes/No) –0.231 0.96050 0.00
Hypertension (Yes/No)   0.799 0.53257 0.01
Heart disease (Yes/No)   2.987 0.03194 0.08
Hypothyroidism (Yes/No)   0.561 0.68633 0.00
Age (years)   0.033 0.54985 0.01
Implant site (upper/lower) –1.812 0.17974 0.03
Osteoporosis (Yes/No)   3.253 0.04852 0.07
Gender (M/F) –4.057 0.00056 0.20
Smoking (former/No) –6.687 0.00039 0.21

Table 4: Initial model of all significant variables in the univariate 
model (controlled by the effect of the other variables)

Variable   Coefficient p-value
Age   0.036 0.5603
Implant site (upper/lower) –1.187 0.3188
Heart disease (Yes/No)   2.027 0.3024
Osteoporosis (Yes/No)   0.073 0.9746
Gender (M/F) –3.204 0.0101
Smoking (former/No) –3.899 0.0479

  r²= 0.36
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of smoking on bone loss. However, systemic diseases, 
such as osteoporosis, hypothyroidism, diabetes, hyper-
tension, and heart diseases, when controlled, are not con-
traindication factors for implant-rehabilitating therapy.

Aging is a physiological process that interferes directly 
with local bone quality and quantity.10 Several studies11-13 
suggest that old age is a risk factor for implant-rehabil-
itating therapy, considering the rate of bone formation 
around the implants decreases with age.11,14 The human 
skeleton starts to lose bone naturally after 30 years of age, 
when it reaches a peak of bone density.15,16 However, it 
is known that failure rates in dental implants are mul-
tifactorial, which indicates no sufficient data to affirm 
that aging alone is a contraindication factor for dental 
implants.10 Our study found no significant correlation 
that contraindicates the installation of dental implants in 
elderly patients, except when associated with smoking 
and upper implants, considering that such results were 
statistically significant for bone loss.

We also found a significant correlation between 
gender and bone loss. Although women suffer more 
frequently with metabolic processes that hinder osseoin-
tegration, men presented higher frequency of mesial and 
distal bone loss. Women tend to take more care of them-
selves than men and seek dental assistance more often, 
which results in a lower potential for bone loss by oral 
pathological processes.17 The low search for health care 
by men occurs, mostly, by the social feature of masculinity 
performed by men, such as superiority, self-sufficiency, 
and dominance, which is a barrier for seeking care.17,18 
The literature on the relation of gender and peri-implant 

bone loss is scarce, and the profile of patients that suffer 
with dental implant failures is still deficient. Thus, such 
findings suggest that men are more susceptible to implant 
failures, perhaps because they present higher frequency 
of habits, such as smoking than women.13

Smoking is one of the oldest addictions acquired by 
the human being.19 However, this lifestyle negatively 
influences health, and smokers are more susceptible 
to develop diseases.19 Several studies show that this 
addiction harms wound healing and causes problems 
in skeletal tissues,19-22 which represents a high potential 
risk factor and reduces dramatically the rate of implant 
success.21 Twito et al22 found that the rate of implant 
failure was higher in the group of smokers than in the 
group of nonsmokers, when assessing 7,608 implants. 
Our study likewise verified mesial and distal bone loss, 
indicating the direct relation of smoking with bone 
loss. This habit compromises healing and tissue repair 
due to the vasoconstrictor effect of nicotine, leading 
to tissue hypoxia, which hinders osseointegration and 
consequently implant success.20 Hence, implant survival 
becomes difficult.22

Dental implants and implant-supported prostheses 
are options often used for the rehabilitation of elderly 
patients.23 However, a great portion of these patients 
presents systemic conditions that may compromise 
implant-rehabilitating therapy.23 Systemic diseases are 
increasingly more frequent in the modern world, rep-
resenting an important risk factor.24 Several studies24-26 
have reported the association of these pathologies with 
the potential complications in dental implants. Authors24 

Table 6: Participant distribution according to the improvement in MNA global assessment score, frequency  
of gender, and number of implants

Gender (%) Improvement No improvement p-value
Female 9 (69.2) 4 (30.8)
Male 2 (40.0) 13 (72.2)
Total 11 (61.1) 7 (38.9) 0.3823

Mean SD Mean SD
Number of implants 2.73 1.4206 3.86 2.5448 0.2414
Upper implants 0.45 0.8202 1.57 1.8127 0.0912
Lower implants 2.27 1.8488 2.29 1.6036 0.9880
SD: Standard deviation

Table 5: Participant distribution according to the improvement in MNA screening score, frequency of gender, and number of implants

Gender (%) Improvement No improvement p-value
Female 5 (38.5) 8 (61.5)
Male 3 (60.0) 2 (40.0)
Total 8 (44.4) 10 (55.6) 0.3823

Mean SD Mean SD
Number of implants 3.88 2.2952 2.60 1.5055 0.1746
Upper implants 0.88 1.8077 0.90 0.9944 0.9706
Lower implants 3.00 1.9272 1.70 1.3375 0.1105
SD: Standard deviation
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showed a statistically significant increase in the relative 
risk of implant failure with diabetes, especially at the 
initial phase. Implants performed in women with osteo-
porosis and smokers showed 2.6 times more chances of 
failure.27 On the contrary, in our study, hypothyroidism, 
osteoporosis, and diabetes did not present an association 
between bone loss and gain. Such divergence may have 
occurred because of the limited amount of additional 
original data published on diabetes, considering many 
of these publications are case reports, which show a 
potential weakness at the moment of interpreting results.

In a female population aged between 48 and 70 years, 
where 19 women had osteoporosis and 20 represented 
a control group, it was suggested that the loss of an 
implant might not be exclusively addressed to osteopo-
rosis.28 Similarly, another study27 verified that the rate 
of implant survival was 92.5% in a sample of women 
diagnosed with osteoporosis. Thus, it is true that there is 
no scientific evidence that contraindicates dental implants 
in patients with osteoporosis, even when added by the 
smoking factor.

Cardiovascular diseases are one of the most prevalent 
conditions worldwide, affecting more than one billion 
people,29 wherein arterial hypertension is most frequently 
found. Such a condition is commonly associated with a 
combination of genetic and environmental factors, such 
as smoking, age, sedentary lifestyle, family history, and 
others.30,31 The literature on implants and their success 
or failure rates in patients with heart diseases is scarce.24 
However, heart problems, such as hypertension are not 
considered factors that contribute to implant failure.24,32,33 
The present study found no significant association for 
implant failure in patients with cardiovascular problems, 
therefore indicating that such pathology, when controlled, 
does not contraindicate implant-rehabilitating therapy. 
Similarly, hypothyroidism, bruxism, and alcoholism 
showed no statistically significant results for dental 
implant failures. In a population of 29 patients of the 
female gender with previous history of hypothyroidism, 
it was suggested that such condition does not present 
higher risk of implant failures.6 Moreover, studies14,34 
suggest that such conditions are not factors that, alone, 
promote dental implant failures.

Investigating the type of bone loss is an important 
piece of clinical data for implant assessment.35 Marginal 
bone loss should be assessed by tomography, in order to 
verify the degree of bone loss after implant-rehabilitating 
therapy. In a sample of 26 patients that received dental 
implants, it was suggested that bone loss after 12 months 
presents normal values, with no influence of age and 
gender on bone loss.35 In our study, we verified that mesial 
and distal bone loss occurred and was more frequent for 
males, while implants without loss were verified more 

often in women, which indicated a significant association 
(p < 0.05) between bone loss and gender. Such divergence 
may have occurred due to the low value of sample and the 
short time (12 months) of reassessment for peri-implant 
bone loss of the study in question, while the assessment 
of our work lasted 4 years.

Postimplant nutritional status and quality of life are 
essential parameters to assess the success of implant-
rehabilitating therapy,36 considering that masticatory 
deficiency negatively interfered with diet.37,38 In the 
present study, we used the MNA questionnaire9 in order 
to verify the improvement and worsening of the screening 
score. Our study observed no significant differences for 
the improvement or worsening of nutritional parameters 
assessed by the MNA (Table 5). Moreover, none of the 
analyses on the improvement of the global score was sig-
nificant (Table 6). Similarly, several studies36,39,40 showed 
no significant changes that compromised the masticatory 
function. Conversely, there is a significant improvement 
in masticatory efficiency in patients rehabilitated with 
implants.10,36,41 Such improvement may be explained 
by the change in eating habits and improved mastica-
tory quality, thus promoting aging with quality of life. 
Therefore, the importance of the interdisciplinary work in 
the patient to be rehabilitated is highlighted, including the 
interaction of dentists and nutritionists aiming to promote 
a positive response for implant-rehabilitating therapy.

Thus, this study emphasizes that age alone is not a risk 
factor that contraindicates implant installation, as well as 
controlled systemic conditions. We believe that the results 
hereby reported are vital for the increase in success rates 
of implant-rehabilitating therapy and for the continuous 
advances in peri-implant dentistry. Hence, further studies 
should be performed in order to confirm such findings, 
especially on the relation of gender and bone loss.

CONCLUSION

Age is not a factor that, alone, contraindicates implant-
rehabilitating therapy. Moreover, systemic diseases, such 
as osteoporosis, hypothyroidism, diabetes, hyperten-
sion, and heart diseases, when controlled, are also not 
contraindication factors. On the contrary, smoking has a 
significant influence on dental implant survival.

CLINICAL SIGNIFICANCE

This study is relevant for assessing peri-implant bone 
loss in elderly patients, right after implant installation 
and over time. Therefore, it was possible to verify that 
age is not a limiting factor for this procedure. Controlled 
systemic diseases do not contraindicate implant instal-
lation, but smoking is a factor that affects implant 
survival.
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