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The aim of this study is to evaluate the long-term performance of anodized
surface implants placed in native bone and followed-up for up to 17 years.
Success and survival rates, prevalence of peri-implantitis, and the correlation
between the presence of peri-implantitis and other clinical and demographic
variables were calculated. After a mean follow-up time of 10.4 years (range:
5to 17 years), 91.7% of 223 analyzed implants were still in function. Peri-
implantitis affected 63 implants (28.3%) in 26 patients (44%). Eleven implants
with peri-implantitis (4.9%) failed. Within the limits of this retrospective
analysis, anodized implants appear to be prone to peri-implantitis, mainly

in the posterior mandible and in patients with unsatisfactory plaque control.
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Titanium is the most widely used
material for dental implants. Re-
garding osseointegration, its fea-
tures and interactions with native
bone are well documented."? The
Branemark fixture with its turned
surface demonstrated satisfactory
results after up to 20 years of func-
tion.3* However, during the last two
decades, many changes in the fix-
ture design and different surface
modifications—such as anodiza-
tion, airborne-particle abrasion, and
etching—have been proposed in
the dental implant field. Such fast
developments were broadly ac-
cepted because they achieved less
marginal bone loss (MBL) and faster
osseointegration.®> On the other
hand, peri-implantitis has grown
exponentially,*’ leading to numer-
ous problems regarding the treat-
ment of this pathology and its true
prevalence among the population.
Moreover, it is documented that
biofilm formation occurs more on
moderately rough surfaces (such as
anodized surfaces) than on smooth-
er ones (such as turned surfaces),®
and therefore rougher implant sur-
faces could be more susceptible to
peri-implantitis.>"" Considering the
peri-implantitis—onset time is sup-
posed to be around 3 years after
implant loading,”? it could be inter-
esting to have data on the long-
term outcome of moderately rough
anodized-surface implants and on
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their susceptibility to peri-implantitis
when followed-up for more than 5
years.

The aim of this study was to in-
vestigate the clinical performance,
survival and success rates, MBL, and
the occurrence of peri-implantitis on
anodized-surface implants placed in
native bone after a follow-up of 5 to
17 years.

Materials and Methods

The research protocol of this single-
arm retrospective study was ap-
proved by the Ethical Committee
of the University of Milan (decision
no. 47/18). The requirements of the
Declaration of Helsinki and perti-
nent Good Clinical Practice guide-
lines were fulfilled. Patients involved
in this study were informed that
data obtained during routine visits
would be collected and used in ag-
gregated and anonymous form for
statistical analysis; they gave their
informed consent to participate.

The present retrospective study
was made according to the STROBE
(Strengthening the Reporting of
Observational Studies in Epidemiol-
ogy) checklist.

Patient Selection

All patients, who were consecutively
treated with at least one anodized-
surface implant by the same op-
erator (M.S) in a private practice in
Milan, Italy, over a period of 13 years
(from 2000 to 2013), were selected
for this single-arm retrospective
study if they met the following in-

clusion criteria: they did not receive
significant bone regeneration pro-
cedures, had an absence of active
periodontal disease, and were avail-
able for a recall visit between Janu-
ary 2016 and December 2017.

Clinical Procedure

Implant therapy was performed only
on patients with proper systemic and
local conditions for elective oral sur-
gery. The preparation of the patient
and the operatory field were carried
out in order to obtain sterility. Im-
plant site preparation was performed
to achieve optimal primary stability.
Implants placed with either a cover
screw (two-stage approach) or heal-
ing abutment (one-stage approach)
were included. Implants placed in
fresh extraction sockets and/or with
immediate provisionalization were
also considered for this retrospective
analysis. Control appointments were
carried out to assess the healing of
the sites. After a healing period of 3
to 6 months, implants were finalized
with a fixed restoration.

Clinical Assessment

The follow-up visits were conducted
by one operator (A.S.), who col-
lected and recorded the following
clinical measurements at the im-
plant site: probing depth (in mm);
presence of bleeding on probing,
suppuration, peri-implant mucosa
recession (in mm), plaque, and ke-
ratinized tissue around the implant;
and implant position in the mouth
(ie, mandible or maxilla, anterior or

posterior). Premolar and molar sites
were considered posterior.

Demographic data (age, gen-
der, and smoking status) were also
collected from each patient.

The implants still in function
were considered surviving, and the
Albrektsson criteria were used to
calculate the success rate.”® The cri-
teria from the consensus report of
Working Group 4 of the 2017 World
Workshop on the Classification of
Periodontal and Peri-Implant Dis-
eases and Conditions were used to
define peri-implantitis.’

Radiographic Assessment

The radiographic outcome variable
considered in this study was the
MBL, defined as the vertical dis-
tance (parallel to the implant long
axis) between the implant shoulder
and the first bone-implant contact.

Baseline MBL (TO) was assessed
on both panoramic and intraoral
radiographs of the target implant
after the adaptive phase, ie, 1 year
after prosthetic loading. Final MBL
(T1) was assessed on intraoral ra-
diographs taken at the final follow-
up visit. For each implant, two MBL
measurements were recorded at its
mesial and distal aspects and the
mean value was considered as the
MBL value. Allimages were digitized
in TIFF format and measured using
ImageJ software (National Institutes
of Health) by one calibrated opera-
tor (FT). Known implant length and
distance between implant threads
were both used for the image cali-
bration. Measurements were made
to the nearest 0.1 mm.
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Data Analysis

Data recorded in Excel

(Microsoft), checked for entry er-

were

rors, and analyzed by an inde-
pendent operator (L.F). Statistical
descriptive analysis included mean
and standard deviation for continu-
ous variables, whereas proportions
were calculated for categorical vari-
ables. Logistic regression model
was fit to analyze the association
between the dependent variable
(occurrence of peri-implantitis) and
(gender,
smoking status), implant position,

demographic variables

treatment procedure (immediate
provisionalization, one-stage ap-
proach, implants placed in fresh
extraction socket), clinical variables
(probing depth and presence of
keratinized tissue, recession, bleed-
ing on probing, and plaque), with
years of follow-up as independent
variables. Suppuration was not
included in the final regression
model, as it perfectly predicted the
dependent variable (occurrence of
peri-implantitis). Odds ratios (ORs)
with 95% confidence intervals (Cls)
were determined. P < .05 was con-
statistically
Statistical analysis was performed
using STATA version 11.0 for Mac
(StataCorp).

sidered significant.

Results
Demographic Variables

Fifty-nine patients (21 males and
38 females; mean age: 64 years) re-
ceived 223 implants between 2000
and 2013 and attended a follow-

Table 1 Association of Peri-implantitis and Demographic and

Clinical Factors Using Logistic Regression Model

95% Cl
Independent variables OR Min Max P
Demographic variables
Gender 1.16 0.50 2.72 72
Smoking status 0.90 0.38 213 .81
Implant position 2.00 1.37 2.90 .001
Treatment procedure
One-stage approach 2.21 0.91 5.38 .08
Immediate provisionalization 0.74 0.10 543 76
Clinical variables
Keratinized tissue 0.89 0.38 2.11 .80
Probing depth 1.70 1.21 2.39 .002
Mucosal recession 1.30 0.81 2.07 .27
Plaque 2.86 1.06 7.70 .04
Bleeding on probing 2.34 0.60 9.20 22
Follow-up (y) 0.92 0.81 1.04 .23

OR = odds ratio; Cl = confidence interval.

Statistically significant correlations (P < .05) are bolded.
The independent variable “postextraction site” was omitted from the logistic regression
analysis because none of the seven cases in fresh extraction sockets were associated with

peri-implantitis.

up visit between January 2016 and
December 2017. Of the patients,
37% were smokers. Smoking status
and gender did not show any statis-
tically significant correlation with the
occurrence of peri-implantitis in the
logistic regression analysis (Table 1).

Survival Rate, Success Rate, and
Prevalence of Peri-implantitis at
the Final Follow-up Visit

A total of 205 implants were still in
function and available for clinical
evaluation at the final follow-up,
with a cumulative survival rate of
91.9% (Table 2). Among 18 failed im-
plants, 6 of them had an early failure

due to a lack of integration (2 in the
maxilla and 4 in the mandible), and
1 mandibular implant was lost due
to fracture after 6 years. Eleven im-
plants (4.9%) were lost or removed
due to peri-implantitis.

During the follow-up visits, 52
implants (23.3% of the whole sam-
ple) showed both clinical inflamma-
tion and radiographic progressive
bone loss. Based on these signs,
peri-implantitis was diagnosed on
all of them (two cases are described
in Figs 1 and 2). By adding these im-
plants to those lost or removed for
the same pathology, the prevalence
of peri-implantitis was 28.3% at im-
plant level. At the patient level, the
prevalence increased to 44%.
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Fig 1 (a) Detail of a panoramic radiograph showing six implants placed in native bone 1 year after final restoration delivery (2007).

(b) Radiographic examination 7 years after implant placement (2013) showed that almost all implants suffered advanced marginal bone
loss. (c) Intrasurgical aspect of the implants affected by peri-implantitis after raising a full-thickness flap. The implant in the right central-
incisor position was removed. (d) Radiographic examination 12 months after surgical treatment of peri-implantitis (2014).

Table 2 Survival Analysis and Clinical and Radiographic Variables

Recorded During the Final Follow-up Visit

No. (%) Mean = SD (mm)
Survival analysis (N = 223)

Lost implants 18 (8.1)
Fractured 1(0.4)
Early failure 6(2.7)
Lost due to peri-implantitis 11(4.9)

Survived implants 205 (91.9)

Successful implants 148 (66.4)

Survived implants with peri-implantitis 52 (23.3)

Clinical measurements (N = 205)

Presence of bleeding 167 (81.5)

Presence of plaque 89 (43.4)

Presence of suppuration 52 (25.4)

Presence of keratinized tissue 90 (43.9)

Probing depth
Mucosal recession

Radiographic measurements (N = 205)

MBL at TO
MBL at T1
MBL difference between TO and T1

3.7+1.3
05+0.8

1.47 £0.3
2.28 £1.1
0.9+1.0

MBL = marginal bone loss; TO = baseline (1 year after prosthetic loading);

T1 = final follow-up; SD = standard deviation.

No biologic or technical com-
plications were recorded for 148 im-
plants, resulting in an implant success
rate of 66.3%. At the patient level,
26 patients (44.8%) experienced no
complications in any of their implant-
supported restorations.

Implant Position

Among the 223 included implants,
94 of them were placed in the max-
illa and 129 in the mandible. In the
subgroup of implants with peri-
implantitis (n = 63), the authors
found out that two-thirds (66%) were
placed in the posterior mandible
whereas the overall proportion of
implants placed in the same region
was 45% (Figs 3a and 3b).

Of the 11 implants removed
due to peri-implantitis, 10 were in
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the posterior mandible. Consider-
ing the subgroup of implants placed
in the posterior mandible, peri-
implantitis affected 42% of the im-
plants. This percentage decreases
to 32%, 17%, and 11% in the sub-
groups of implants placed in the
anterior mandible, posterior maxilla,
and anterior maxilla, respectively
(Fig 3¢). Logistic regression analysis
showed a statistically significant as-
sociation between the occurrence
of peri-implantitis and the position
of implants (P < .001; OR: 2; 95% Cl:
1.4 10 2.9).

Treatment Procedure

71% of the analyzed implants were
placed with a cover screw (two-
stage approach) and 29% using a
healing abutment (one-stage ap-
proach). Three percent of implants
were placed in fresh extraction
sockets, and immediate provision-
alization was done on 6% of the im-
plants. Immediate provisionalization,
one-stage approach, and implants
placed in fresh extraction sockets
did not show any statistically signifi-
cant correlation with peri-implantitis
(Table 1).

Clinical Variables

Considering the 205 implants eval-
uated in the final follow-up visit,
32.2% showed mucosal recession
between 1 and 4 mm (mean: 0.56 =
0.97 mm). The mean probing depth
around implants was 3.7 + 1.05 mm.
Bleeding on probing and plaque
were assessed in 81.5% and 43.4%

Fig 2 Peri-implantitis progression on different radiographic images. (a) A turned implant
was in place for 6 years before the adjacent tooth was extracted (2005). (b) Periapical
radiograph after an anodized implant was inserted in the mandibular left second-premolar
position. (c) Two years (2007) and (d) é years (2011) of follow-up. (e) The implant was still
in place at the final follow-up visit (2016). (f) The clinical view of the buccal aspect showing
mucosal recession, absence of keratinized tissue and suppuration.

of the implants, respectively. Sup-
puration was present around 52
implants. Ninety-two peri-implant
mucosae (45%) showed an insuffi-
cient amount of keratinized tissue.
Frequency distribution of probing
depth and gingival recession are
shown in Figs 4a and 4b. Among

these clinical variables, the probing
depth and the presence of plaque
showed a statistically significant cor-
relation with the presence of peri-
implantitis (P = .002; OR: 1.7; 95%
Cl: 1.2 to 2.4; and P = .038; OR: 2.9;
95% Cl: 1.1 to 7.7, respectively).
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Fig 3 (a) Site distribution of the whole sample (N = 223) and (b) of the implants in the
peri-implantitis subgroup (n = 63). (c) Percentage of implants affected by peri-implantitis

per oral region.

Radiographic Outcomes

The mean MBLs at TO and T1 were
147 £ 0.3 mm and 2.28 +
below the implant shoulder, re-

1.1 mm

spectively. The difference between
mean TO and T1 MBL was 0.9 *
mm (range: 0 to 6.1 mm). Frequency
distribution of marginal bone loss is
shown in Fig 4c.

Discussion

This retrospective study provides
results of anodized-surface im-
plants placed in native bone af-
ter a follow-up period of 5 to 17
years. The patients considered in
this study were treated with a fixed
implant-supported restoration be-
tween 2000 and 2013. Considering

the first anodized-surface implant
was proposed to dental clinicians
around the year 2000, this lead to
a rather long follow-up. Not all pa-
tients treated during that time were
available for a recall visit due to nu-
merous variables: some refused to
return, others moved to other cities,
and others were deceased within
this time frame.

The survival rate of implants an-
alyzed in this study was 91.6% after
a mean follow-up of 10.3 years, and
the prevalence of implants affected
by peri-implantitis was 28.3%. Com-
paring this result with data from oth-
er published studies should be done
with extreme caution. Indeed, there
are many modifying factors that
can contribute to a variation in the
results: differences can be found in
the definition of peri-implantitis'® as
well as the implant design,'® surface
roughness,® surgical protocol and
implant-supported restoration,” im-
plant long-term maintenance,’® and
study population.'%20

A retrospective  study on
turned-surface implants, which was
performed by the same research
group with more than 20 years of
follow-up, reported that the preva-
lence of peri-implantitis was 1.8%.2'
Comparing this data with the pres-
ent study could have the advantage
that both investigations were per-
formed in the same environment
(same operators and similar patient
population, surgical and prosthetic
protocols, and supportive periodon-
tal therapy), with only one clear dif-
ference: the type of implant surface.
The difference in the prevalence of
peri-implantitis between anodized-
and turned-surface implants (28.3%
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vs 1.8%) is noticeable, even moreso
considering the different mean fol-
low-up periods (10.3 vs 20.7 years).

Another relevant outcome result
is late implant failure. In the present
study population, 11 osseointegrat-
ed implants (4.9%) were lost due to
peri-implantitis. However, in the ar-
ticles reporting long-term results on
turned implants, it is very uncommon
to find lost osseointegrated implants.
In the aforementioned study by the
present group, among 105 analyzed
patients with 382 implants placed
and follow-ups ranging between 13
and 32 years, only 1 implant was lost
after the osseointegration period.?"
Astrand et al reported, after 20 years
of function, again only 1 implant lost
(at the 2-year follow-up).??

A rougher surface is related to
a higher susceptibility to peri-im-
plantitis, as reported by some pre-
clinical®?® and clinical studies.?? It
is, of course, not the only factor that
could explain the failure of an im-
plant, but it could play a major role
in the long term. Polizzi et al?* found
that turned-surface implants have
lower survival rates compared to
oxidized implants (90.6% vs 96.6%).
But after the fifth year of follow-up, 4
oxidized implants and only 1 turned
implant were lost in that study.
Moreover, 9 out of 10 implants di-
agnosed with peri-implantitis were
oxidized. It could be assumed that
a turned-surface implant tends to
have a higher failure rate within its
first year, but an oxidized-surface
implant is more prone to failure in
the long term.

In the present study, a higher
proportion of implants with peri-
implantitis was found in the posterior
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Fig 4 Frequency distribution of (a) probing depth, (b) gingival recession, and (c) radio-
graphic marginal bone loss at the final follow-up visit.

mandible (Figs 3b and 3c¢), and this
difference was statistically significant.

This finding is in accordance with
both a previous study published by
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the same group on implants placed
in vertically regenerated bone?* and
with epidemiological data recorded
in the Swedish population.? Inter-
estingly, when turned implants were
used in native bone, most early
failures were in the posterior max-
illa.?* Apparently, different behaviors
could be assigned to the turned and
the moderately rough surfaces: the
former could be a protective fac-
tor against the occurrence of peri-
implantitis and late failure, whereas
the latter appears to be useful in the
early phase of healing, mainly when
surrounded by an unfavorable bone
density (as it is more likely to occur in
the posterior maxilla).

As stated in Albrektsson crite-
ria, a successful implant has a MBL
of 1.5 mm in the first year of function
and thereafter less than 0.2 mm of
MBL each year® Progressive mar-
ginal bone loss with clinical signs of
mucosal inflammation is a key factor
in the diagnosis of peri-implantitis.
However, radiographic outcome
measurements from the present
retrospective study should be in-
terpreted with caution, as baseline
MBL was calculated on both periapi-
cal and panoramic radiographs; the
decision was made considering the
best risk/benefit ratio in patient ex-
posure.?” Within this limitation, the
mean marginal bone loss of 0.9 mm
between TO and T1 reported herein
could be considered a good result
if compared with Albrektsson cri-
teria and other studies with similar
follow-ups.?82? However, it is also
important to note that approxi-
mately a quarter of the analyzed im-
plants developed a marginal bone
loss greater than 3 mm (Fig 4c). This

extensive exposure of a moderately
rough surface to the bacteria in an
oral environment could be part of
the multifactorial process that leads
to an increasing prevalence of peri-
implantitis and implant failure. In
accordance with this finding, the
presence of a deep probing depth
is statistically correlated to the pres-
ence of peri-implantitis (Table 1).
Longer follow-ups of moderately
rough surface implants (up to 20
years, as with the turned-implant
study) will give the authors a better
explanation to this complex biologic
process named peri-implantitis.

Conclusions

Within the limitations of this retro-
spective study, it could be suggest-
ed that anodized implants appear
to be prone to developing peri-im-
plantitis and to fail in the long-term,
mainly in the posterior mandible
and in patients with unsatisfactory
plaque control around the implant-
supported restoration.
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