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ABSTRACT

Aim: Identify the relationship between specific factors (age, sex, smoking, time of
prosthesis in function, implant location, and width of peri-implant keratinized mucosa)
and peri-implant diseases in patients from the Center of Research and Continuing Edu-
cation in Implant Dentistry (CEPID) at the federal University of Santa Catarina (UFSC),
Brazil.

Materials and Methods: A cross-sectional study was conducted in 193 patients that
had received 725 external-hexed cylindrical implants supporting functional prosthesis
for at least 1 year (range from 1-9 years). Clinical examination included probing depths,
bleeding on probing and/or suppuration. Radiographic exam was conducted to measure
peri-implant bone levels.

Results: There was no statistically significance in the association between prevalence
of peri-implant diseases and age, sex, time with prostheses in function and implant loca-
tion variables independently. There was a statistically significant association between
the independent variables of smoking and the width of keratinized peri-implant mucosa
less than 2 mm, and the presence of peri-implant diseases. When all the categories were
evaluated together in relation with the peri-implant diseases, the prostheses in function
for 5 years and more had association with presence of both, peri-implant mucositis an
peri-implantitis. Peri-implantitis prevalence was higher for males with the prostheses
inuse for 5 years or more. Peri-implant mucositis was more associated with the partici-
pants over 57 years of age, with systemic disease and with the prostheses in function for
more than 5 years.

Conclusions: Smoking habits and the width of peri-implant keratinized mucosa as in-
dependent variables were associated with the prevalence of peri-implant diseases.

oooooooooooooooooooooooooooooooooooooooooooooooooo

CLINICAL RELEVANCE

Scientific rationale for study: The literature is controversial in regards to
the risk variables and the individuals that present a higher risk to develop
peri-implant diseases. In addition, few studies have been carried out with
the intent to identify the possible variables that may influence the occur-
rence of peri-implant diseases. Principal findings: An association of the
prevalence of peri-implant diseases and the variables age, sex, time with
prostheses in function and implant location, was not found. However, the
presence of peri-implant diseases was found to be associated with smok-
ing habits and the quantity of peri-implant keratinized mucosa. Practical
implications: The results of the present study suggest possible factors that
may play a role in the prevalence of peri-implant diseases.



1.INTRODUCTION

Biological complication of dental implants; such as, peri-im-
plant mucositis and peri-implantitis have been described; how-
ever, peri-implant disease prevalence data are inconsistent.™
Our previous study showed that peri-implant mucositis has a
prevalence of 23% and peri-implantitis of 8% in a total of 200
randomly selected patients from the same clinical institution.®
The presence of risk variables needs to be clarified in order to
distinguish health from the disease process that affects peri-
implant tissues.® The literature is controversial in regards to the
risk variables and the individuals that present a higher risk of
developing peri-implant diseases. In addition, few studies have
been carried out with the intent to identify possible variables
that may influence the occurrence of peri-implant diseases.”

The precise effects of local or systemic factors on the lon-
gevity of dental implant, when related to its platform engage-
ment and prosthetic scheme are still unknown. Therefore, the
present study was carried out with the intent to identify local
and systemic factors that may regulate the host response and
favor the loss of osseointegration.'' The low success rate of
dental implants is not related to sex or age; although systemic
conditions associated with the increase in age may require
modification in the treatment plan.’® Therefore, the presence
of chronic diseases and the long-term use of medications
should be considered when evaluating dental implant longevi-
ty,'>"7 due to the fact that the longer the implant is in function,
the lower the success rate."" In addition, poor oral hygiene,
smoking'*'®2° and diabetes?' have already been identified as
risk factors for the development of peri-implant diseases.

This study aims to identify the association between vari-
ous patient variables, such as: age; sex; smoking; time of im-
plant supported prosthesis in function; implant location; and,
quantity of peri-implant keratinized mucosa, with presence of
peri-implant diseases in patients from the Center of Studies
of Continuing Education in Implant Dentistry (CEPID) of the
Federal University of Santa Catarina (UFSC).

2. MATERIALS AND METHODS

The ethics committee of the UFSC approved the present
study and an informed consent was obtained from each par-
ticipating individual.

Sample selection

193 patients from the CEPID-UFSC database were randomly
selected. This group of patients presented with a total amount
of 725 external-hexed cylindrical implants which supported
prosthesis placed for the minimum of 1 year and the maxi-
mum of 9 years, from the period from 2001 through 2010.
From a total of 131 (67.9%) of patients presenting healthy
dental implants, 46 (23.8%) of the patients presented at least
1 implant with peri-implant mucositis and 8.3 (8.3%) of the
patients with at least 1 implant with peri-implantitis.®
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Surgical protocol

All the implants were placed with the platform leveled at the
alveolar crest. The crest or the edentulous ridge was leveled
with a round carbide bur when the implant was planned to
be placed at a lower level then the existing bony ridge. The
surgical protocol employed by the CEPID-UFSC clinic, which
includes leveling the bony ridge to allow a straight butt-joint
between the implant and the surrounding one, resulted in a
predictable bone loss of less than 2mm after 1 year in ser-
vice.??

Data collection

After the prostheses were removed, the following data was
collected:

* Bone level: A bone loss of 2mm or more was considered
peri-implantitis, when associated with presence of prob-
ing depth (PD) > 4 mm and bleeding/suppuration upon
probing.

« BOP index; The presence or absence was registered af-
ter the introduction of 1 mm of the periodontal probe
(PCV12PT Hu-Friedy Inc., Chicago, IL) into the gingival
sulcus with a gingival “sweep” movement.? Data was ana-
lyzed after removal of the periodontal probe and 30 sec-
onds elapsed.

* PD; the PD measurements were collected on the mesial-
buccal, mid-buccal, distal-buccal, mesial-lingual, mid-lin-
gual and distal-lingual of each tooth. The deepest site clos-
est to the indicated anatomical sites was the registered
probing depth. Each examiner was calibrated for a gentle
probing pressure of 0.25 N.

* Width of peri-implant Keratinized Mucosa (WKM); the
measurement of the WKM was collected from the buccal
aspect from the site that presented the lowest value. The
groups were divided into 2; <2 mm, and > 2 mm.

Radiographic analysis

Bone level was measured around the dental implants using
the parallel cone technique in order to obtain radiographic
images (Kodak Insight film, Carestream, INC., New York, EUA)
for analyses. The radiographs were digitalized by image analy-
sis program (Digimizer® versao 3.7.0, Medical Software Brolk-
straat, Belgium). The distances from the implant platform to
the first radiographic evidence of bone contact on the mesial
(MBL); and, on the distal (DBL) aspects of each implant were
registered. The measurements were made at baseline (T0)
by only one calibrated examiner, different from the clinical
examiner; and, repeated after 7 days (T7). The mean bone
loss value obtained from both measurements (TO and T7)
was used as the final measurement for each site. For the final
measurement for each implant, a mean bone loss value was
established by summing the mesial and distal mean values
and dividing it by sum by 2.



Group analysis and division

The following criterion was used as the definition for the
clinical and radiographic analyses. Peri-implant mucositis was
considered when the probing depth was of < 4mm with pres-
ence of BOP around an implant presenting < 2 mm of bone
loss. Data was compiled according to each implant and 4 sites
(mesial, distal, mid-buccal and palatal/lingual). Peri-implanti-
tis was defined when PD was 4mm or more, associated with
BOP and/or suppuration, and bone loss > 2mm. Bone loss was
evaluated from the data compiled from 2 sites (mesial and
distal) only, due to the inability to evaluate the mid-buccal and
lingual/palatal implant sites in an x-ray.

Local and systemic factors were studied in order to verify a
possible relationship with peri-implant diseases, such as: age;
sex; smoking; time of implant supported prosthesis in func-
tion; implant location; and, quantity of peri-implant WKM. Ad-
ditional information related to systemic health was gathered
in the groups: hormonal replacement, chemotherapy, meno-
pause, thyroid alterations, Diabetes Mellitus, alcohol use and
cardiac problems. For statistical analyzes, they were divided
into two groups: 1) healthy; and 2) non-healthy.

The healthy (without BOP) dental implants were divided into
2 groups in order to further allow discussion of the basic aim
of this study, knowing that peri-implant bone loss of > 2mm,
even in the absence of BOP, could suggest history of peri-im-
plant diseases.

Statistical analyses

All the data were compiled and compared between groups.
The inter-examiner reproducibility of the MBL and DBL measure-
ments was tested with the intra-class correction coefficient (ICC).

The data collected was inserted in an excel sheet designed
for this study. Next, the data was exported to the software
SPSS 18.0, where it was analyzed. The Chi-Square or Fisher’s
Exact tests were used to evaluate the association between the
dependent variables (Peri-implant mucositis, peri-implantitis
and WKT) with the significance being the value of p < 0.05. The
prevalence ratios (PR) and its respective confidence intervals
(95%) were estimated by means of Poisson’s regression log-
linear model with an estimator.

3.RESULTS

The sample size was composed of 193 patients that summed
a total amount of 725 dental implants. The patient age ranged
from 14 to 85 years, with an average of 52.67 (IC95% 52,12 -
54,21) years. Gender was distributed 32.6% as 67.4% females.
Sample details and socio-demographic data are presented in
Table 1. Table 2 presents the distribution of sex and peri-im-
plant disease prevalence category.
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Table 1. Description of participants according to sex, age

and scholarity.

Sample Implants placed

Variables (n=193) (n=723)
n (%) n (%)

Sex
Male 67 (34,7) 266 (36,7)
Female 126 (65,2) 459 (63,3)
Age (years)
Up to 48 years 95 (49.2) 258 (35.6)
49-57 years 50 (25.9) 247 (34.1)
Over 57 years 48 (24.8) 220 (30.3)
Scholarity
Up to 8th grade 33(17,1) 118 (16,3)
Up to 12th grade 84 (43,5) 330 (45.5)
College 76 (40.4) 277 (38.2)
TOTAL 193 (100,0) 725 (100,0)

Table 2. Distribution of the participants according to sex

and peri-implant disease category prevalence

Sex Total

Groups
Male Female

Healthy 46 85 131
Peri-implan
€ .p.a . 13 32 45
mucositis
Peri-
. € . 4 12 16
implantitis.
Total 63 129 192

Regarding the time the implant supported prostheses were
in function, 137 patients (480 implants) had the prostheses for
up to 5 years, and 55 patients (245 implants) for more than 5
years. The mean time interval with the prostheses in function
was of 4.02 years (standard deviation of 1.67 years). The re-
sults associating the peri-implant disease prevalence catego-
ries are presented in Table 3.



Table 7. Distribution of the dental implant health statuses

Table 3. Distribution of participants according with the
according with the quantity of WKM

peri-implant disease prevalence categories and the time of
prostheses was in function

Quantity of WKM Total
Time of prostheses in Total Groups*
function <2mm >2mm
Groups ]
Up to More than Healthy implants 334 156 490
5 years 5 years
Peri-implant T - 166
Healthy 98 33 131 mucositis
Perl-lm.p.lant ) 13 45 Peri-implantitis 51 17 68
mucositis
Total 486 238 724
Peri-
. . 7 9 16
implantitis Of the 724 dental implants, 248 were placed in anterior sites
and 476 in posterior sites. Table 8 presents the distribution of
Total 137 38 192 . . . .
the implants according to the location and presence of peri-

implant diseases.

In the analyzes of the association of the independent vari-

ables with the outcome of peri-implant mucositis and peri- Table 8. Distribution of the dental implant health statuses
implantitis; age, general health and time the prostheses in according with the location
function were the variables that presented association with
peri-implant mucositis. Sex and time the prostheses were in Location Total
function were associated with peri-implantitis (Table 4). Groups*
Anterior Posterior
Table 5. Distribution of the participants according with sex Healthy
and smoking . 161 328 489
implants
S .
& Peri-
Male Female Total Implan-t- 63 103 166
mucositis
Yes 33 30 63
Smoking Peri- 24 44 68
AU 1) 2 112 implantitis
The distribution of participants, according to sex and smok- TOTAL 248 475 723
ing, is presented in Table 5. Table 6 presents the distribution

of the participants, according with the smoking and the preva-
lence category of peri-implant diseases. There was an associa-
tion between the prevalence of smoking and the peri-implant
diseases, where the value of P was 0.027.

The variables that presented statistically significant associa-
tions were submited to Poisson regression analysis with ro-
bust estimation. The prevalence of peri-implant mucositis in
the older participants was 35% (1-0,65*100) higher than for

Table 6. Distribution of the participants according with smoking status and the prevalence category of peri-implant diseases

Groups
Factors
Healthy patients; Patients with peri-implant mucositis patients with peri-implantitis Total
Yes 44 12 07 63
smoking
No 87 33 33 129

* 1) Healthy patients; 2) Patients with peri-implant mucositis; 3) patients with peri-implantitis.
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Table 4. Distribution of the association values hetween the independent variables with peri-implant mucositis and

peri-implantitis

Absence of peri- Presence of peri- Absence of peri- Presence of peri-
impalnt mucositis implant mucositis implantitis implantitis P
P
n % n % n % n %

Sex 0.279 0.004*
Male 211 79.3 55 20.7 252 94.7 14 5.3
Female 348 75.8 111 24.2 405 88.2 54 11.8
Age 0.002* 0.384
up to 48 years 181 70.2 77 29.8 239 92.6 19 7.4
49 to 57 years 194 78.5 53 21.5 221 89.5 26 10.5
More than

184 83.6 36 23.5 197 89.5 23 10.5
57 years
Scholarity 0.659 0.537
Up to 8th

88 74.6 30 254 107 90.7 " 9.3

grade
Up to 12th

259 78.5 71 21.5 303 91.8 27 8.2
grade
College 212 76.5 65 23,5 247 89.2 30 10.8
Smoking 0.845 0.893
Yes 227 77.5 66 22.5 265 90.4 28 9.6
No 332 76.9 100 23.1 392 90.7 40 9.3

neral

Genera 0.005* 0.747
Health
Non-healthy 281 81.7 63 18.3 313 91.0 31 9.0
Healthy 278 73.0 103 27.0 344 90.3 37 9.7
Implant site >0.001%* 0.249
Anterior 170 68.5 78 31.5 229 92.3 19 7.7
Posterior 389 81.7 87 18.3 427 89.7 49 10.3
Prostheses
. 0.014* 0.003*
in use
> 5 years 357 74.4 123 25.6 446 92.9 34 7.1
<5years 202 82.4 43 17.6 211 86.1 34 13.9

* Significance level a<0.05



the younger participants. The prevalence of peri-implant mu-
cositis in the posterior implants was 41% higher than for the
anterior implants. The prevalence of peri-implant mucositis in
prostheses in use for 5 years or more was 29% higher than for
the ones in function for less than 5 years.

The chance of this population presente peri-implantitis is al-
most twice (1.97) as high for prostheses that have been more
than 5 years in function compared to less that this time (Table
10).

Table 9. Association of the prevalence of peri-implant

mucositis with the prevalence of the independent variables

RC (IC95%) p
Age
Up to 48 years 1
49 to 57 years 0.81(0.58 - 1.11) 0.199
More than 57 years 0.65 (0.44 - 0.96 0.032*
Scholarity
Up to 8th grade 1
Up to 12th grade 0.82 (0.55 - 1.22) 0.341
College 0.99 (0.66 - 1.47) 0.970
Smoking
No 1
Yes 1.17 (0.88 - 1.55) 0.278
General Health
Health 1
non-healthy 0.79 (0.58 - 10.7) 0.138
Implant site
Anterior 1
Posterior 0.59 (0.45 - 0.77) >0.001*
prostheses in
function
> 5 years 1
<5years 0.71(0.50 - 0.99) 0.045%
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Table 10. Association of the prevalence of peri-implantitis

with the prevalence of the independent variables

RC (IC 95%) p
Implant site
Anterior 1
Posterior 1.38 (0.84 - 2.25) 0.199
Prostheses
in function
>5 years 1
<5years 1.97 (1.26 - 3.08) 0.003*

4.DISCUSSION

In the present study, 760 dental implants were evaluated
in 200 patients. Sixty-nine percent of the patients presented
healthy implants, 23% presented at least 1 implant with peri-
implant mucositis, and 8% of the participants presented at
least 1 implant with peri-implantitis.

Of all the factors analyzed, sex alone did not show associa-
tion with the prevalence variables, concurring with Ferreira
and coworkers (2006).° However, sex and time the prostheses
was in function, together, were associated with the prevalence
of peri-implantitis. Smoking habits showed association with
higher rates of peri-implant diseases; as already described in
a meta-analysis conducted by Strietzel and coworkers (2007),%
and recently by Souza and coworkers (2012).%

The association of the peri-implant WKM with the peri-im-
plant tissue health is controversial. In the present study, a
narrow peri-implant WKM (< 2mm) in the “healthy with bone
loss” and the “Peri-implantitis groups; and the association of
the peri-implant band of WKM of > 2mm with the “healthy
groups without bone loss” and “Mucositis” indicate that a
higher amount of WKM may favor the maintenance of peri-
implant health, concurring with Costa and coworkers (2012).%
These results are contrary to Block and coworkers (1996).%
Other studies were not able to correlate the presence of peri-
implant WKM with peri-implant health.?*3° Roos-Jansaker and
coworkers (2006b)° showed that the presence of peri-implant
WKM was associated with peri-implant mucositis, and that
this association could be related to the fact that the recession,
and consequent less peri-implant pocket formation, can be
more common in areas without WKM.

In regards to the “implant location”, the results of the pre-
sent study showed to be contrary to the ones presented by
Serino & Turri (2011)*" and similar to the results presented by
Fransson and coworkers (2009),2 where they suggested that



peri-implantitis occurred in regions of the oral cavity without
a specific association. Studies?'*32 have shown a significant
statistical difference only in regards to the anterior region of
the mandible. A possible cause of the conflicting results could
be found in Fransson and coworkers (2009)? study. This study
justifies the importance of establishing a numerical equiva-
lence of the implants placed in the anterior and posterior re-
gions. In the present study, 248 implant were placed in the
anterior region, and 475 were placed in the posterior region
of the oral cavity.

Aiming to optimize the success rate of dental implants, stud-
ies seek to identify factors that could be associated with peri-
implant bone loss.’ Conflicting results are evident in the
literature when comparing studies that analyze factors associ-
ated with the prevalence of peri-implant diseases. It is not un-
derstood if there is an association between the location and
presence of the peri-implant WKM with peri-implant health.
There is a clear need for further studies to clarify these ques-
tions. It is necessary to evaluate other factors that may play
a role as to a more direct association with the development
of peri-implant diseases. Some examples are: the correct po-
sition of the dental implant, the correct seating of the pros-
thetic abutment, the type of prostheses that allow ideal oral
hygiene, the use of angled abutments, and the presence of
residual excess cement in cement-retained implant prosthe-
ses. In spite of the scientific strive in elucidate the problems
related to the maintenance of peri-implant health, important
questions still haven't reached consensus, and have gener-
ated different perspectives in the literature. As examples, the
different hypotheses (concepts) of peri-implantitis are stated;
in addition to various causes for peri-implant bone loss. These
are factors that have been debated over many years and still
haven't reached a common denominator. These questions
play an important role in the decision of how to isolate the
factors associated with peri-implant diseases in order to reach
a scientific conclusive answer. The results of the present study
suggest that there are possible factors that may play a role
in the peri-implant diseases. Further longitudinal studies are
needed in order to clarify the potential variables involved in
dental implant loss due to peri-implant diseases.

5. CONCLUSION

Considering the factors studied, smoking habits and quan-
tity of peri-implant WKM < 2mm showed to have an associa-
tion with peri-implant diseases when evaluated alone. When
all the categories were evaluated together in relation to the
peri-implant diseases, the prostheses in function for 5 years
and more had association with presence of both, peri-implant
mucositis an peri-implantitis. Peri-implantitis prevalence was
higher for males with the prostheses in use for 5 years or
more. Peri-implant mucositis was more associated with the
participants over 57 years of age, with systemic disease and
with the prostheses in function for more than 5 years.
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