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Background: Limited data exist on the longitudinal crestal bone changes around teeth compared with
implants in partially edentulous patients. This study sought to compare the 10-year radiographic crestal
bone changes (bone level [BL]) around teeth and implants in periodontally compromised (PCPs) and
periodontally healthy (PHPs) patients.

Methods: A total of 120 patients were evaluated for the radiographic crestal BL around dental implants
and adjacent teeth at time of implant crown insertion and at the 10-year follow-up. Sixty patients had
a previous history of periodontitis (PCPs), and the remaining 60 were PHPs. In each category (PCP
and PHP), two different implant systems were used. The mean BL change at the implant and at the ad-
jacent tooth at the interproximal area was calculated by subtracting the radiographic crestal BL at the
time of crown cementation from the radiographic crestal BL at the 10-year follow-up.

Results: At 10 years after therapy, the survival rate ranged from 80% to 95% for subgroups for im-
plants, whereas it was 100% for the adjacent teeth. In all eight different patient categories evaluated, teeth
demonstrated a significantly more stable radiographic BL compared with adjacent dental implants
(teeth BL, 0.44 – 0.23 mm; implant BL, 2.28 – 0.72 mm; P <0.05). Radiographic BL changes around
teeth seemed not to be influenced by the presence or absence of advanced bone loss (‡3 mm) at the
adjacent implants.

Conclusions: Natural teeth yielded better long-term results with respect to survival rate and marginal
BL changes compared with dental implants. Moreover, these findings also extend to teeth with an initial
reduced periodontal attachment level, provided adequate periodontal treatment and maintenance are
performed. As a consequence, the decision of tooth extraction attributable to periodontal reasons in favor
of a dental implant should be carefully considered in partially edentulous patients. J Periodontol 2014;85:
e152-e159.
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T
he use of dental implants is currently consid-
ered one of the first therapeutic options for the
rehabilitation of partially edentulous patients1

because of the good long-term survival and success
rates reported in several publications.2-6

However, recent long-term studies have shown
that biologic complications (e.g., peri-implantitis)
occur more frequently, especially in patients who
were periodontally compromised (PCPs) and ciga-
rette smokers.7,8

Data from 10-year studies comparing implant ther-
apy in PCPs and periodontally healthy patients (PHPs)
demonstrated that the radiographic bone loss was
significantly greater in PCPs and smokers,9-13 with the
worst results found in PCPs with a history of smoking.14

Implant therapy should be considered as a thera-
peutic option to restore partially or totally edentulous
jaws. However, in clinical practice, the possibility of
an implant rehabilitation is often considered an al-
ternative to complex therapies aimed at the preser-
vation of the natural dentition.

Several studies showed that advanced periodontal
therapies, such as guided tissue regeneration (GTR)
or root-resective therapy of furcated molars, have
a long-term prognosis at least as good, if not even
better, compared with implant therapy, with lower
treatment costs, time, and morbidity.4-6,15,16

Mengel and Flores-de-Jacoby17 demonstrated that
higher clinical attachment loss (AL) occurs at implants
as well as at teeth in patients with an initial history of
aggressive generalized periodontitis compared with
PHPs or patients with a previous history of chronic
periodontitis (CP). Furthermore, clinical AL at implants
was always greater compared with that at teeth, in-
dependently from the initial periodontal diagnosis.

Based on the fact that scarce evidence exists
comparing teeth versus implants in the same denti-
tion, the aim of the present investigation is to assess
the radiographic bone loss rate around teeth and
implants in relation to the initial periodontal diagnosis
(PCP or PHP), the smoking history, and the type of
implant inserted and to evaluate the impact of peri-
implant bone loss on the radiographic crestal bone
level (BL) changes of the adjacent teeth.

MATERIALS AND METHODS

Patient Selection
The data of the present investigation were collected
from the pool of patients used for two previous
studies.11,14 Briefly, patients consecutively treated
in the Department of Periodontology, University
Federico II, Naples, Italy, and the Department of
Periodontology, University of Milan, Milan, Italy, and
receiving a dental implant in a single-unit gap from
January 1997 to July 1997 were examined 10 years
after crown insertion.

This research study uses a retrospective clinical
database that includes patients who were treated
previously as part of either an approved research
protocol or routine periodontal care using accepted
therapy for each patient’s specific clinical needs.
Because the current research involves a retrospective
analysis of preexisting data and current investigators
do not have access to identifiable private information,
this research does not require approval by an institu-
tional ethics board or committee.

If patients received more than one implant during
this period, only the first one inserted was considered
for the analysis.

Four groups of 30 patients each were formed
based on the implant treatment and periodontal
conditions. An additional division was made on the
basis of smoking habits; therefore, results are shown
for eight groups. The four implant treatment groups
included the following: 1) PCPs treated for CP and
with a screw-shaped implant with amachined surface
(N-implant)§; 2) PCPs treated for CP and with
a screw-shaped implant with a titanium plasma-
sprayed (TPS) surface (S-implant)i; 3) PHPs treated
with N-implant; and 4) PHPs treated with S-implant.

In each category, 20 patients were non-smokers
and 10 patients were smokers (i.e., >10 cigarettes/
day). Sex and age ranges of patients can be found in
previously reported studies.11,14 All patients met the
following inclusion criteria: 1) aged ‡18 years; 2)
absence of relevant medical conditions contra-
indicating surgical interventions; 3) 4 to 6 months of
healing after tooth extraction; 4) presence of suffi-
cient residual alveolar bone volume for implant in-
sertion without concomitant or previous bone
augmentation; 5) presence of a tooth mesially and
distally to the implant site; 6) loading 4 to 6 months
after implant placement; 7) availability of a peri-
apical radiograph at time of crown insertion ob-
tained with the parallel long-cone technique, with
the mesial and distal teeth completely visible; 8)
full-mouth plaque score (FMPS)18 £25% at baseline;
9) full-mouth bleeding score (FMBS)19 £25% at
baseline; and 10) enrollment in a regular periodontal
maintenance protocol. Patients were excluded on
the basis of the following: 1) FMPS >25% at baseline;
2) FMBS >25% at baseline; 3) untreated periodontal
conditions; and 4) erratic compliance with a peri-
odontal maintenance protocol.

Implant Placement
The N-implants had a machined surface and were
placed following a two-stage protocol, with the im-
plant shoulder approximating the bone crest and

§ Nobel Biocare, Zürich-Flughafen, Switzerland.
i Straumann Dental Implant System, Institute Straumann, Basel, Switzer-

land.
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covered with mucosal flaps (Fig. 1). The second-
stage surgery was performed 4 to 6 months later.

The S-implants were placed in a transmucosal
manner, according to the instructions of the manu-
facturer. However, to have the buccal aspect of the
implant shoulder 1 mm below the ideal line con-
necting the gingival margin of the adjacent teeth, it
was sometimes necessary to place the implant with
the border of the rough surface deeper than the
crestal BL, especially on the mesial and distal sites
(Fig. 2). After placement of appropriate healing
screws, close adaptation of the wound margins
around the implant shoulder was achieved. If nec-
essary, an excision of soft tissue was performed.20

Permanent single-unit crowns (SCs) were de-
livered 4 to 6 months after surgery. All restorations
were fabricated to facilitate oral hygiene procedures

and peri-implant probing. A control radiograph was
performed at the time of crown insertion.

At the end of treatment, the patients were enrolled
in an individually tailored supportive periodontal
therapy program based on the initial periodontal di-
agnosis.

Follow-Up Examination
Ten years after insertion of the SCs, a new radiograph
was obtained. For the patients who experienced
implant loss, data relative to the causes and the
timing of explantation were collected.

Radiographic Examination
Radiographs taken at the time of crown insertion (i.e.,
baseline) and at the 10-year examination were used
to calculate the radiographic crestal BL change. All
the radiographs were taken by applying the long-
cone technique and using a film holder.21

Figure 1.
A) Radiographic view of an N-implant and adjacent teeth at baseline.
B) Ten-year follow-up measurements around N-implant and adjacent
teeth. Blue and green markers identify the reference points used for
measurements: blue markers identify implant shoulder, and green
markers identify BL. Yellow markers identify the cemento-enamel
junction. Red markers identify the BL around the teeth.

Figure 2.
A) Radiographic view of an S-implant and adjacent teeth at baseline. B)
Radiographic view of the same implant at the 10-year follow-up. Blue
markers identify the implant shoulder. Green markers identify BL. Yellow
markers identify the cemento-enamel junction. Red markers identify BL
around teeth.
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After digitalization of the films, the location of the
crestal BL in relation to the implant shoulder and the
cemento-enamel junction was assessed mesially and
distally to the implants and to the adjacent teeth,
respectively, by using a software program.¶ To take
into account the anatomic magnification and dis-
tortion of the films, the linear dimensions of the
digitized images were calibrated. This was achieved
by setting the scale in the image to the known dis-
tance between the implant threads.

The radiographic crestal bone change was cal-
culated by subtracting the crestal BL at baseline from
the crestal BL at the 10-year follow-up.

Statistical Analyses
The groups were compared at baseline for age,
sex, and position of implants. A Kruskal-Wallis test
was used for non-parametric variables. A survival
rate analysis was performed to estimate differences
between implants and teeth in each group by using
Kaplan-Meier survival test. An analysis of variance
(ANOVA) test was performed to evaluate differences
between groups for BL around implants and teeth,
respectively. Furthermore, a multivariate analysis
was used to evaluate differences between BL at
implants and adjacent teeth. ANOVA test with
Bonferroni post hoc analysis was used to evaluate

differences in mean bone loss around teeth among
each group. Finally, a comparison between BL on
teeth facing the implant with BL >3 and <3 mm was
performed using an unpaired t test. All tests were
performed with a statistical software package.#

RESULTS

Study Sample
One hundred twenty patients divided in eight groups
were included in the study (Table 1). The groups did
not display any statistically significant differences at
baseline with respect to sex distribution and implant
position. The mean age was statistically significantly
lower (P <0.001) in the four non-smoking groups
compared with the four smoking groups.

Implant- and Tooth-Survival Rates
During the follow-up, 10 of the 120 implants inserted
were lost (Table 2). The highest survival rate was
observed in the PHPs (95% for both smokers and non-
smokers) and decreased to 90% and 85% for PCP
non-smokers and smokers, respectively. On the
contrary, no tooth loss was reported in any of the
groups. The Kaplan-Meier analysis did not reveal

Table 1.

Study Sample and Demographic Characteristics

Non-Smokers Smokers

PCPs PHPs PCPs PHPs

Demographic

N-Implant

(n = 20)

S-Implant

(n = 20)

N-Implant

(n = 20)

S-Implant

(n = 20)

N-Implant

(n = 10)

S-Implant

(n = 10)

N-Implant

(n = 10)

S-Implant

(n = 10) P Value

Age (years) 47.2 – 1.4 46.5 – 1.7 47.5 – 2.9 48.1 – 2.1 51.3 – 3.23 51.7 – 3.50 51.2 – 2.39 51.5 – 2.68 <0.001

Sex (% males) 60% 65% 45% 40% 40% 50% 60% 40% NS

NS = not significant. Data are mean – SD unless otherwise noted.

Table 2.

Survival Rate (number of units lost) of Implants and Teeth in the Eight Groups

Non-Smokers Smokers

PCPs PHPs PCPs PHPs

Parameter

N-Implant

(n = 20)

S-Implant

(n = 20)

N-Implant

(n = 20)

S-Implant

(n = 20)

N-Implant

(n = 10)

S-Implant

(n = 10)

N-Implant

(n = 10)

S-Implant

(n = 10)

Implants 95% (1) 85% (3) 95% (1) 95% (1) 90% (1) 80% (2) 90% (1) 100% (0)

Teeth 100% (0) 100% (0) 100% (0) 100% (0) 100% (0) 100% (0) 100% (0) 100% (0)

P value NS NS NS NS NS NS NS NS

NS = not significant.

¶ VixWin Platinum Imaging Software, Gendex, Hatfield, PA.
# SPSS v.20, IBM, Chicago, IL.
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statistically significant differences in any of the
groups comparing implant and tooth survival rates.

Mean Radiographic Bone Loss
The mean radiographic crestal bone loss was sig-
nificantly greater around implants compared with
that of teeth in all groups (Table 3). At 10 years, the
overall bone loss at teeth was 0.44 – 0.23 mm but
2.28 – 0.72 mm at implants, with a significance of
P <0.001 (S-implants; P <0.05).

In the group receiving N-implants, the mean peri-
implant bone loss increased gradually from the non-
smoking PHPs (1.43 – 0.38 mm) to the smoking
PCPs(3.47–1.09mm),with thesmokingPHPs(2.65–
0.41 mm) and the non-smoking PCPs (2.32 – 0.41
mm) showing results between. Similar results were
obtained in patients treated with S-implants: non-
smoking PHPs showed the lowest mean BL (1.95 –
0.42mm),andsmokingPCPsshowed thegreatestone
(3.77 – 1.43 mm). Smoking PHPs and non-smoking
PCPs, again, displayed a mean BL situated between
the other two categories (2.51 – 0.31 and 2.32 – 0.41
mm, respectively).

The mean BL recorded around teeth displayed
similar trends (Table 3). Indeed, smoking and non-
smoking PHPs revealed a mean radiographic crestal

bone loss ranging from 0.21 – 0.50 to 0.32 – 0.04
mm, without any statistically significant differences
among the four subgroups. Non-smoking PCPs dis-
played a mean BL of 0.49 – 0.83 and 0.65 – 0.91mm
and smoking PCPs of 0.85 – 0.14 and 0.78 – 0.17 mm
for N-implants and S-implants, respectively. Both
smoking and non-smoking PCPs displayed a statis-
tically significantly higher mean BL compared with
that of PHPs (P <0.001). Smoking PCPs had a sta-
tistically significantly highermeanBL comparedwith
that of non-smoking PCPs (P <0.001).

Influence of the Peri-Implant BL on the BL Around
Teeth in Non-Smoking PCPs
By comparing the mean BL around teeth adjacent to
implants with BL ‡3mm (0.55 – 0.23mm) to the BL at
teeth adjacent to implants with BL <3mm (0.58 – 0.26
mm), no statistically significant difference was found
(P = 0.55; Table 4). Similar results were obtained when
assessing on radiographs for tooth surfaces facing the
implant surfaces with a BL ‡3 or <3 mm (0.54 – 0.19
and 0.58 – 0.26 mm, respectively; P = 0.49; Table 4).

DISCUSSION

The outcomes of the present 10-year comparative
study showed that the survival rate and the stability of

Table 3.

Radiographic Crestal Bone Loss (mean – SD) at Implants and Teeth Over the 10-Year
Follow-Up in the Eight Groups

Non-Smokers Smokers

PCPs PHPs PCPs PHPs

Parameter

N-Implant

(n =20)
S-Implant

(n = 20)

N-Implant

(n = 20)

S-Implant

(n = 20)

N-Implant

(n = 10)

S-Implant

(n = 10)

N-Implant

(n = 10)

S-Implant

(n = 10)

Implants (mm) 2.32 – 0.41 2.32 – 0.41 1.43 – 0.38 1.95 – 0.42 3.47 – 1.09 3.77 – 1.43 2.65 – 0.41 2.51 – 0.31

Teeth (mm) 0.49 – 0.83 0.65 – 0.91 0.21 – 0.50 0.23 – 0.47 0.85 – 0.14 0.78 – 0.17 0.25 – 0.05 0.32 – 0.04

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Table 4.

Radiographic Crestal BL Changes at Teeth in Relation to the Bone Loss at the Adjacent
Implants in PCP Non-Smokers

Teeth Adjacent to Implant Sites With

Bone Loss ‡3 mm

Teeth Adjacent to Implant Sites With

Bone Loss <3 mm P value

Mean – SD BL at teeth (mm) 0.55 – 0.23 0.58 – 0.26 NS

Mean – SD BL at the radiographic tooth
surface facing the implant (mm)

0.54 – 0.19 0.58 – 0.26 NS

NS = not significant.
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the radiographic crestal BL was greater at teeth than
at implants. These results were observed in all patient
groups and were independent from the type of im-
plant used.

As reported in two previous publications,11,14 the
bone loss around implants in the present study is
correlated with the initial diagnosis of periodontitis and
smoking history. This is in agreement with the findings
of other studies reporting that a history of periodontitis
and/or smoking habit negatively affected the long-
term outcomes of implant therapy.18,12,22-24

The bone loss around teeth paralleled the findings
at implants. Indeed, teeth in PCPs demonstrated
a statistically higher mean bone loss compared with
PHPs after 10 years of follow-up. Despite being in-
cluded in a regular, individually tailored periodontal
maintenance protocol, non-smoking patients with
a history of periodontitis displayed a mean crestal
bone loss at the examined teeth that ranged from
0.49 to 0.65 mm, whereas in smoking PCPs, this
value ranged from 0.78 to 0.85 mm. These results
agree with data reported by Rosling et al.25 In that
study, patients treated for periodontitis and main-
tained on a regular maintenance protocol displayed
a mean bone loss from 0.3 to 0.8 mm over a 12-year
follow-up, depending on the susceptibility to peri-
odontal disease.25

In the present study, PHPs demonstrated aminimal
amount of bone loss (0.22 to 0.31 mm) over the 10-
year follow-up period. Data on the radiographic BL
changes around teeth in PHPs over a long period of
time are scarce. However, an independent correlation
between aging and bone loss was reported by
Streckfus et al.26 Hence, some minor changes in the
BL over a long period of time could be considered as
physiologic.

Smoking PCPs displayed a statistically signifi-
cantly higher radiographic bone loss around teeth
compared with non-smoking PCPs. This finding is in
agreement with previous studies associating smok-
ing with additional periodontal breakdown in PCPs.27

On the contrary, the difference in crestal BL at teeth
in smoking and non-smoking PHPs was not statisti-
cally significant. This is in accordance with the
concept that smoking is a modifying factor of peri-
odontal disease and not the cause of periodontal
breakdown per se.28

Mengel and Flores-de-Jacoby17 reported greater
clinical AL at implants compared with that at teeth
over a 3-year period of follow-up in patients with and
without a previous history of periodontitis. This is in
accordance with the finding of higher radiographic
crestal bone loss at implants than at teeth in the
present study.

In the present investigation, teeth in PCPs display
a reduced radiographic BL at baseline compared with

PHPs (data not shown). This reflects the fact that
those teeth had a previous history of periodontitis
that had been treated before implant placement.
Despite the reduced periodontal tissue support, these
teeth demonstrated less radiographic crestal bone
loss and a greater survival rate compared with the
adjacent, newly inserted implants. The finding that
teeth with a history of treated periodontitis display
long-term results at least as good as, if not even
better than, implants is in accordance with data re-
ported in the literature. Fugazzotto16 reported on the
long-term outcomes of 701 furcated molars treated
with resective periodontal therapy compared with
1,472 implants inserted in the molar region. The
cumulative success rates were 96.8% for root-
resected molars and 97.0% for molar implants.
Cortellini et al.15 performed a randomized controlled
study to compare the 5-year outcomes of GTR at
teeth with a hopeless prognosis (tests) or tooth ex-
traction and prosthetic rehabilitation with or without
implants (controls). Fourteen teeth in the control
group were replaced with implant-supported resto-
rations. All fixed partial dentures survived the 5-year
follow-up period, and 83% were free from biologic
complications. In the test group, two teeth were lost 1
year after treatment, whereas the other 23 showed
clinical improvements, yielding a survival and suc-
cess rate of 92%.

In a systematic review, Tomasi et al.29 showed that
in patients regularly enrolled in a maintenance care
program, teeth display a higher survival rate and
a lower radiographic bone loss when compared with
dental implants.

Several studies support the concept of high sur-
vival rates of periodontally compromised teeth
treated with conservative, regenerative, or resective
periodontal procedures and in patients enrolled in
a regular maintenance program.5,30-32 Even if diffi-
cult to compare, data in the literature on long-term
success and survival rates of dental implants seem to
indicate that implant therapy does not yield better
results compared with more or less advanced peri-
odontal procedures aimed at maintaining the natural
dentition, displaying survival rates of �90% at 10
years and a relatively high number of biologic
complications.9,12,13,22,23,29

In the present study, the radiographic BL changes
at teeth were analyzed as a function of the radio-
graphic bone loss at the adjacent implants. The
presence of an advanced peri-implant bone loss
(i.e., ‡3 mm) failed to jeopardize the radiographic BL
stability of the neighboring teeth. To the best of the
authors’ knowledge, data on the influence of peri-
implant bone loss on the periodontal health of the
adjacent dentition are scarce. Previous investiga-
tions demonstrated that the approximal bone crest
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reduction at teeth is significantly influenced by the
horizontal distance between the implant and the
neighboring tooth,33 although this effect could be
limited for certain types of implants.34

CONCLUSIONS

The findings of the present study demonstrate that
natural teeth displayed lower radiographic crestal
bone loss compared with implants in both PHPs and
PCPs over a period of 10 years. Thus, provided that
periodontitis has been treated and that patients
comply with a regular periodontal maintenance pro-
tocol, the long-term prognosis of teeth is at least as
good as that of dental implants. This observation is
also valid for teeth with reduced periodontal support.
As a consequence, great caution should be exercised
when considering tooth extraction for periodontal
reasons in favorof implant therapy.Cigarette smoking
negatively influences the long-termoutcomes at teeth
as well as at implants.
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