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Abstract: Background: The purpose of this study was to compare the survival and peri-implant bone
loss of implants with a fluoride-modified surface in smokers and non-smokers. Material and Methods:
All patients referred for implant treatment between November 2004 and 2007 were scrutinized.
All implants were placed by the same surgeon (B.C.). The single inclusion criterion was a follow-up
time of at least 10 years. Implant survival, health, and bone loss were evaluated by an external
calibrated examiner (S.W.) during recall visits. Radiographs taken at recall visits were compared with
the post-surgical ones. Implant success was based on two arbitrarily chosen success criteria for bone
loss (≤1 mm and ≤2 mm bone loss after 10 years). Implant survival in smokers and non-smokers was
compared using the log-rank test. Both non-parametric tests and fixed model analysis were used
to assess bone loss in both groups. Results: A total of 453 implants in 121 patients were included
for survival analysis, and 397 implants in 121 patients were included for peri-implant bone-loss
analysis. After a mean follow-up time of 11.38 years (SD 0.78; range 10.00–13.65), 33 implants out
of 453 initially placed had failed in 21 patients, giving an overall survival rate of 92.7% and 82.6%
on the implant and patient level, respectively. Cumulative 10 years’ survival rate was 81% on the
patient level and 91% on the implant level. The hazard of implant loss in the maxilla was 5.64 times
higher in smokers compared to non-smokers (p = 0.003). The hazard of implant loss for implants of
non-smokers was 2.92 times higher in the mandible compared to the maxilla (p = 0.01). The overall
mean bone loss was 0.97 mm (SD 1.79, range 0–17) at the implant level and 0.90 mm (SD 1.39, range
0–7.85) at the patient level. Smokers lost significantly more bone compared to non-smokers in the
maxilla (p = 0.024) but not in the mandible. Only the maxilla showed a significant difference in the
probability of implant success between smokers and non-smokers (≤1 mm criterion p = 0.003, ≤2 mm
criterion p = 0.007). Taking jaw into account, implants in smokers experienced a 2.6 higher risk of
developing peri-implantitis compared to non-smokers (p = 0.053). Conclusion: Dental implants with
a fluoride-modified surface provided a high 10 years’ survival with limited bone loss. Smokers were,
however, more prone to peri-implant bone loss and experienced a higher rate of implant failure,
especially in the upper jaw. The overall bone loss over time was significantly higher in smoking
patients, which might be suggestive for a higher peri-implantitis risk. Hence, smoking cessation
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should be advised and maintained after implant placement from the perspective of peri-implant
disease prevention.

Keywords: smoking; dental implants; crestal bone loss; marginal bone loss; long-term survival

1. Introduction

One in five adults in the world smokes tobacco, despite the fact that negative effects on oral
and general health are well known. Every seventh death in the world (13%) was the result of direct
smoking in 2017; a further 2% was the result of secondhand smoke. This means 15%—close to 1-in-6
deaths—was the result of tobacco. However, since 1990, there is a declining global trend in smoking
reflected almost everywhere across the world [1–4]. Smoking is associated with various serious health
conditions, such as cancer, respiratory problems, and cardiovascular diseases, but can also lead to
sleep deficiency and depression [5,6]. Smoking shows an overwhelmingly negative influence on oral
health, affecting both soft and hard tissues. It is known as an important risk indicator for poor oral
wound healing, dry socket, implant failure, and marginal bone loss around teeth and implants [5,7–23].
In regard to dental implants, a significant relationship has been shown between smoking and the
risk of failure of osseointegrated implants, more particularly in the upper jaw [8,24]. Smoking seems
to have an early effect on osseointegration, dependent on the properties of the implant surface and
local host genetic responses. It is also suggested that smokers, compared to non-smokers, have an
altered bone structure and composition [25,26]. Using multilevel analysis, including early as well as
late implant loss, smoking has been associated with a significantly higher percentage of early lost
implants (2.2%) in comparison to non-smoking (0.9%). Late implant failure seems not to be affected
by smoking habits [27]. A systematic review has shown a higher risk for implant failure in smokers
with a patient-related odds ratio of 2.64 and an implant-related odds ratio of 2.25 [28]. Another
systematic review shows an average implant survival ranging between 65.3%–97% for smokers versus
82.7%–98.8% for non-smokers. A statistically significant difference in favor of non-smokers has also
been found with an OR of 1.96 for implant failure [29]. Cigarette smoking is associated with a reduction
in bone mineral density in a dose-related and duration-related manner [7,30]. A higher incidence
of marginal bone loss is found for smokers with subsequent years [31]. Smokers show more than
two times greater marginal bone loss and more than three times greater risk for implant loss in the
maxilla [32]. Vervaeke et al. (2015) showed an estimated additional bone loss of 1.18 mm for smokers
vs. non-smokers [18]. A uni- and multivariate analysis has identified smoking as a significant factor
affecting implant treatment outcomes, especially in the maxilla.

Over the last decade, implants surfaces have been modified from smooth/rough to moderately
rough surface texture, expressed by an average Sa value of 1–2 µm [33–35]. This evolution in surface
topography has positively affected the bone-to-implant contact, even in smoking patients [36]. In 2004,
a fluoride-modified surface was introduced (OsseospeedTM, Dentsply, Astra Tech, Mölndal, Sweden),
with a moderately rough surface with nanoscale topography (Sa value of (1.32–1.82 µm)). A number of
animal and human studies have been carried out to evaluate clinical performance. The results have
suggested that osseointegration has been enhanced (especially during the first weeks of healing), by
enhanced osteoblast differentiation, platelet activation, and surface thrombogenic and osteoconductive
properties [37–40]. This attributes to improved survival rate, esthetic outcome, and marginal bone
remodeling [41]. Even more challenging situations show good short term results with limited marginal
bone loss and high implant survival like heavy alveolar atrophied ridges with augmentation [41–44]
and smoking patients [36].

The purpose of the present study was to evaluate the 10 years’ survival and success of implants
with a fluoride-modified surface in smokers and non-smokers treated under daily clinical and
non-specifically selected conditions.
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2. Materials and Methods

2.1. Patient Selection and Clinical Procedure

All patients in need of implant placement between November 2004 and 2007 were evaluated.
During intake and at the 10-year follow-up session, a medical history was taken, including self-reporting
of smoking habits. The initial 2-years report was presented previously [32]. The same surgeon (BC)
placed all implants in healed ridges. No bone grafting, sinus lift, or guided bone regeneration
procedures were used. Implants were placed using different surgical techniques (one-stage and
two-stage surgery) and different loading protocols (immediate versus delayed loading). Hence, 3 types
of protocols were performed: immediate loading, one-stage delayed loading, and two-stage delayed
loading. Surgery consisted of a crestal incision, followed by full mucoperiosteal flap elevation, implant
installation (OsseospeedTM, Dentsply, Astra Tech, Mölndal, Sweden), following the manufacturer’s
guidelines and suturing. Implant installation was immediately followed by radiographs (baseline)
with commercially available film-holders (Uni-Bite Film HolderTM, Dentsply, York, PA, USA) using the
parallel long-cone technique to visualize marginal bone-to-implant contact points and implant threads.
Care was taken to shoot perpendicular on the implant axis. The individualization of standard film
holders was not manageable in private practice. If implants threads were not clear, the radiograph was
discarded, and a new radiograph was taken. To determine marginal bone levels correctly, the digital
images were magnified by the software. Possible distortions were solved by calibration, based on the
known abutment height and implant diameter. There might be a slight difference in the horizontal
plane, but the evaluated implants were round, so this difference should be rather limited.

Hence, bone loss beyond the reference point was reported from the time of surgery, and initial
bone remodeling was included in the total bone level changes over time. After the final restorations
were made by the referring dentist, a professional maintenance schedule (including radiographic
follow-up) was proposed to each patient, whereby the frequency was based on the clinical situation
and individual needs. Given the fact that the patients were referred by and, therefore, returned to their
original dentist, only patients that maintained their visits at the specialist clinic were included in the
current study. These patients were prospectively followed up for at least 10 years. Briefly, this consisted
of a recall interval of 6 or 12 months during the first 2 years and 12 or 24 months during the following
years. All implants with at least 10 years of follow-up and part of the professional maintenance recall
system of the specialist center were included to evaluate implant survival and peri-implant bone loss.
An independent external examiner (SW) from the University of Ghent performed the recall consultation
at the 10 years’ follow-up and had access to the patient files. All patients were thoroughly informed
and signed a written consent form. The study protocol was approved by the ethical committee of the
Ghent University Hospital (Ghent, Belgium) under number B670201524796.

2.2. Examination Criteria

Smoking was defined as the smoking of at least 1 cigarette a day and was based on self-reporting.
Ex-smokers and non-smokers were combined into the group of non-smokers. A history of periodontitis
was based on the following criteria: (a) radiographic proof of bone loss extending 33% of the root length
of residual teeth at the time of referral; (b) patients who were treated with (non)surgical periodontal
treatment before implant therapy; (c) when before implant treatment, hopeless teeth were extracted due
to periodontitis; (d) edentulous patients with evidence of periodontitis at the time of referral based on
radiographs obtained in retrospect from the referring dentist. Peri-apical radiographs were analyzed
with the use of digital Software (Visi-Quick®, Amsterdam, The Netherlands) with an accuracy of
0.1 mm. These were taken from the day of surgery up to at least 10 years in function. The crestal bone
level was calculated at both mesial and distal sites of each implant by measuring the distance between
the reference point (lower border of the smooth implant collar) to the first marginal bone-to-implant
contact (Figure 1).
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Figure 1. The yellow arrow points to the reference point (lower border of the smooth implant collar).
The red arrow shows the first bone-to-implant contact. The distance in between was measured with
digital software.

Bone loss beyond the reference point was calculated by comparing peri-apical radiographs taken
during recall visits after 3 months, 1, 2, and 10 years with baseline (implant installation). The mean of
both bone level readings (mesial and distal) was calculated to obtain a single value per implant. Plaque-
and bleeding assessment was performed at six sites [45]. Pocket probing was performed manually with
a periodontal probe (CP 15 UNC, Hu-Friedy Mfg. Co. Inc, Chicago, IL, USA) at 6 sites of the implant,
immediately followed by the scoring of bleeding on probing. An implant was considered as a failure
when it was removed due to the following reasons: implant mobility, loss of integration, ongoing bone
loss, infection, persistent pain, or patient discomfort [46]. An individual implant was considered a
success when total bone loss beyond the reference point, from the placement of the implant to 10 years
of follow-up, was less than 1 or 2 mm [47,48]. Incidence of peri-implantitis of the implants under
maintenance after 10 years was calculated based on the Consensus report of the 4th workgroup of the
2017 World Workshop on the classification of periodontal and peri-implant diseases and conditions, by
combining a total bone loss ≥3 mm with increasing probing depth ≥6 mm and bleeding/suppuration
on location [49]. The survival of the implant, the peri-implant bone loss, and the pocket probing depth
were accounted as the dependent variables.

2.3. Statistical Analysis

2.3.1. Implant Survival

For survival analysis at the patient level, we only included patients who had at least one implant
with≥ 10 year-follow-up (n = 121). For survival analysis at the implant level, we only included implants
from patients who had at least one implant with ≥ 10 year-follow-up and with known observation time
(n = 453). Kaplan–Meier estimates of implant survival at the patient level were compared between
smokers and non-smokers with the log-rank test. The estimated survival rates at 1, 2, 5, and 10 years
were reported together with the 95% confidence intervals, which were calculated using the “log-log”
approach. Hazard estimates of implant loss at the implant level were compared between smokers and
non-smokers, overall and per jaw using the Robust Score test for a simple Cox proportional hazards
model. Robust standard errors were estimated to take into account the clustering of implants within
patients. The estimated survival rates at 1, 2, 5, and 10 years were reported together with the 95%
confidence intervals—calculated using the “log-log” approach. These confidence intervals didn’t take
into account the clustered design. A multiple Cox proportional hazards model—for smoking status,
jaw, and their two-way interaction—was fitted with robust estimation of the standard error to take
into account the clustering of implants within patients. Robust Wald 95% confidence intervals and
corresponding p-values were reported. Life tables (Tables 1–3) show the number of implant loss and
the total number of implants at risk for implant loss as well as the cumulative survival rate for each
year interval. Those were presented as overall, according to smoking status and according to both
smoking status and jaw.
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Table 1. Life table showing an overview of failures and the overall cumulative survival rate on the
implant level.

Year Interval Number of
Implant Loss

Number of Implants
Entering the Interval

Cumulative Proportion Surviving at
the End of the Interval

0 8 453 0.98
1 0 445 0.98
2 2 445 0.98
3 1 443 0.98
4 2 442 0.97
5 2 440 0.97
6 6 438 0.95
7 2 432 0.95
8 3 429 0.94
9 1 421 0.94
10 6 397 0.91

Table 2. Life table showing an overview of failures and the overall cumulative survival rate on the
patient level.

Year Interval Number of Patients
with Implant Loss

Number of Patients
Entering the Interval

Cumulative Proportion Surviving at
the End of the Interval

0 7 121 0.94
1 0 114 0.94
2 1 114 0.93
3 1 113 0.93
4 1 112 0.92
5 1 111 0.91
6 5 110 0.87
7 1 105 0.86
8 1 103 0.85
9 1 102 0.84

10 2 96 0.81

Table 3. Life table showing a summary of failures and the overall cumulative survival rate (CSR) in
non-smokers and smokers with respect to the jaw (on the implant level).

Year
Interval

Non-Smokers Smokers

Mandible Maxilla Mandible Maxilla

Number
of Implant

Loss

Number
Entering
Interval

CSR
Number

of Implant
Loss

Number
Entering
Interval

CSR
Number

of Implant
Loss

Number
Entering
Interval

CSR
Number

of Implant
Loss

Number
Entering
Interval

CSR

0 5 146 0.97 3 231 0.99 0 35 1 0 41 1
1 0 141 0.97 0 228 0.99 0 35 1 0 41 1
2 2 141 0.95 0 228 0.99 0 35 1 0 41 1
3 0 139 0.95 0 228 0.99 1 35 0.97 0 41 1
4 0 139 0.95 0 228 0.99 0 34 0.97 2 41 0.95
5 0 139 0.95 1 228 0.98 0 34 0.97 1 39 0.93
6 1 139 0.95 3 227 0.97 0 34 0.97 2 38 0.88
7 2 138 0.93 0 224 0.97 0 34 0.97 0 36 0.88
8 0 136 0.93 1 223 0.97 1 34 0.94 1 36 0.85
9 0 136 0.93 1 222 0.96 0 28 0.94 0 35 0.85

10 3 124 0.89 0 210 0.96 1 28 0.88 2 35 0.76

2.3.2. Peri-Implant Bone Loss (mm)

Intra- and inter-examiner reliability was evaluated using the intraclass correlation coefficient
(ICC) based on a two-way random model with absolute agreement. The observed mean, standard
deviation, minimum, and maximum were used to describe bone loss beyond the reference point in
several subgroups at different time points. Cumulative frequencies of bone loss in mm were plotted
for different time intervals. Lower curves would have a smaller proportion of bone loss <2 mm than
higher curves and, hence, more bone loss. Cumulative frequencies of bone loss in mm were plotted for
smokers and non-smokers. For the analyses at the implant level, a linear mixed model for bone loss in
mm was fitted with a random intercept for the patient to account for multiple implants within a patient
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and with smoking status, jaw, and their two-way interaction as fixed effects. Estimated marginal means
at the original target scale for smoking status and for smoking status * jaw were requested together
with the pairwise comparisons. No test was performed to compare mean bone loss at the patient level
between smokers and non-smokers because the residuals were not normally distributed, and, unlike
with the analysis at the implant level, one could not solely rely on the central limit theorem due to
the smaller sample size. A non-parametric test would compare the mean rank between smokers and
non-smokers, instead of comparing the actual mean.

2.3.3. Implant Success

Implant success was defined in two ways: Firstly, as ≤1 mm bone loss after 10 years, and, secondly,
as ≤2 mm bone loss after 10 years. For analysis at the implant level, a generalized linear mixed model
with a binomial distribution and logit link for implant success was fitted with a random intercept for
the patient and with smoking status, jaw, and their two-way interaction as fixed effects. Estimated
marginal means at the original target scale for smoking status and for smoking status * jaw were
requested together with the pairwise comparisons. For the analyses at the patient level, Fisher’s
exact test was used to test for a difference in the proportion of implant success between smokers
and non-smokers.

2.3.4. Peri-Implant Health (Implant Level)

Mean bleeding on probing (at the time of recall visit) and mean probing pocket depth were
calculated. The possibility of a statistically significant difference was examined by non-parametric
testing (Mann–Whitney U test). Peri-implant mucositis was identified as the presence of bleeding
and/or suppuration on gentle probing with or without increased probing depth compared to previous
examinations and absence of bone loss beyond crestal bone level changes resulting from initial bone
remodeling. Peri-implantitis was defined as loss of crestal bone with time ≥3 mm, suppuration, and/or
bleeding on probing, with or without increasing probing pocket depth ≥6 mm [49]. A generalized
linear mixed model with a binomial distribution and logit link for peri-implantitis was fitted with
a random intercept for the patient and with smoking status, jaw, and their two-way interaction as
fixed effects. Estimated marginal means at the original target scale for smoking status and for smoking
status * jaw were requested together with the pairwise comparisons.

2.3.5. Software

Statistical descriptive analysis and non-parametric testing for patient compliance were performed
using SPSS v23 (IBM®, Armonk, NY, USA).

All other analyses were performed in R version 3.6.1 using the “lme4” package and the “survival”
package (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Patient Population

Of the original 300 patients included in the previous report (Vervaeke et al 2012), 81 patients
had never been maintained in the specialist clinic and had returned to their own dentist for regular
maintenance, 6 maintained patients had passed away, and 72 had ignored maintenance over time
at the specialty clinic and returned to their referring dentist or indicated not to participate in the
proposed recall program. In total, 141 patients were cooperative and compliant with the maintenance
program and were invited for the research assessment, and 121 responded positively (drop-out 14.2%).
Forty-eight were male, and 73 were female, with a mean age of 65.2 years (SD 11; range 31–88).
An overview of the distribution of implant length and diameter, with notification of implant loss, is
shown in Table 4.
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Table 4. Implant distribution according to implant diameter and length (implant failure is given
between brackets).

Diameter (mm)
Length (mm)

8 9 11 13 15 17 Total

3.5 19 (3) 4 (0) 18 (2) 37 (0) 35 (1) 0 (0) 113 (6)
4 28 (3) 16 (1) 26 (0) 49 (8) 77 (4) 8 (3) 204 (19)

4.5 7 (0) 19 (4) 11 (0) 22 (0) 18 (1) 0 (0) 77 (5)
5 2 (0) 22 (1) 14 (2) 12 (0) 9 (0) 0 (0) 59 (3)

Total 56 (6) 61 (6) 69 (4) 120 (8) 139 (6) 8 (3) 453 (33)

Of the total of 121 patients, 43 had single crowns, 51 had fixed partial dentures, 24 had fixed
cross-arch bridges, 2 had overdenture on locators, and 1 patient had an overdenture on a bar-structure.
On the implant level, 67 implants supported single crowns, 180 supported fixed partial dentures,
200 supported fixed cross-arch bridges, 4 supported overdentures on locators, and 2 implants supported
an overdenture on a bar-structure. Only one patient, a non-smoker, had diabetes (regulated with
medication), and one patient started oral bisphosphonates during follow-up, several years after implant
treatment. Smokers showed significantly higher compliance compared to non-smokers (p = 0.001).

3.2. Implants Survival

After a mean follow-up time of 11.38 years (SD 0.78; range 10.00–13.65), 33 implants out of
453 initially placed had failed in 21 patients. An absolute survival rate of 92.7% and 82.6% on the
implant and patient levels was seen, respectively. The cumulative 10 years’ survival rate (CSR) was
81% on the patient level and 91% on the implant level (Figures 2 and 3, Tables 1 and 2).

Eleven out of 76 implants failed in smokers, and 22/377 in non-smokers, resulting in absolute
survival rates of 85.5% and 94.2%, respectively. CSR’s were 82% vs. 75% on the patient level and 93%
vs. 81% on the implant level for non-smokers and smokers, respectively. Eight implants failed before
prosthetic loading, all in non-smokers.
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Regarding the jaw of treatment, 17/272 (6.25%) implants in the upper jaw and 16/181 (8.84%)
implants in the lower jaw failed. For smokers, 3/35 (8.57%) implants failed in the mandible and 8/41
(19.51%) in the maxilla. For the non-smoking group, implant failure for the mandible was 13/146 (8.90%)
and for the maxilla 9/231(3.9%). CSR’s in respect of smoking status and jaw are mentioned in Table 3.
These were 89% vs. 96% for non-smokers and 88% vs. 76% for smokers, respectively, in the mandible
and maxilla. No statistical differences were found between smokers and non-smokers regarding
survival at the patient level, implant level, or regarding the type of jaw (based on Kaplan–Meier
estimate of survival). Only a significant difference was found in non-smokers with a higher survival
rate for the maxilla (97% vs. 93% for the mandible, p = 0.047). However, the hazard of implant loss for
implants of the maxilla was 5.64 times higher in smokers compared to non-smokers (95% CI for the
HR went from 1.82 to 17.5) (p = 0.003). The hazard of implant loss for implants of non-smokers was
2.92 times higher in the mandible compared to the maxilla (95% CI for the HR went from 1.29–6.62)
(p = 0.01).

3.3. Peri-Implant Bone Loss

Regarding the different treatment protocols described, a separate analysis was not considered
beneficial. This was to not decrease the power of the study, focusing on smoking habits on the long-term
outcome. Another study by Vervaeke and coworkers (2015) found no statistical difference between
the three treatment protocols [18]. From the 453 initially placed implants in the followed population,
397 implants in 121 patients had readable radiographs. The intra-examiner repeatability for bone loss
was high (ICC 0.99, 95% confidence interval (CI) (0.98–0.99)), as was the inter-examiner repeatability
(ICC 0.84, 95% CI (0.76–0.89)). After a mean follow-up time of 11.38 years, mean bone loss beyond the
reference point for all cases was 0.97 mm (SD 1.79, range 0–17) at the implant level and 0.90 mm (SD
1.39, range 0–7.85) at the patient level. When comparing smokers and non-smokers irrespective of jaw
location, a mean bone loss of 1.93 mm (SE 0.57, 95% CI (0.811–3.047)) and 0.8 mm (SE 0.12, 95% CI
(0.556–1.024)) on the implant level and 1.71 mm (SD 2.32, range 0.05–7.85) and 0.77 mm (SD 1.15, range
0–4.97) on the patient level was found, respectively. For mean bone loss according to smoking status
adjusted for jaw, there was a significant difference in estimated mean bone loss at 10 year-follow-up
between smokers and non-smokers (p = 0.0031) with smokers having a higher mean bone loss (1.9 mm
versus 0.8 mm, estimated mean difference of 1.12 mm) (Figures 4 and 5).
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Considering the jaw of treatment in smokers versus non-smokers, mean bone loss of 2.46 mm (SE
0.721, 95 % CI (1.043–3.877)) versus 0.80 mm (SE 0.141, 95% CI (0.522–1.077)) was found for the maxilla.
For the mandible, this was 1.28 mm (SE 0.752, 95% CI (−0.194–2.762)) versus 0.78 mm (SE 0.206, 95% CI
(0.369–1.180)). Only for the maxilla, the difference of mean bone loss was significant between smokers
and non-smokers (p = 0.006). The difference in bone loss between maxilla and mandible was not
significant within both groups (smoking p = 0.47 and non-smoking p = 1) (Figure 6).
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3.4. Implant Success

Implant success was calculated using a threshold for individual total bone loss arbitrary set at
≤1 mm and ≤2 mm changes. This was based on additional bone loss measured between 24 and
120 months. Table 5 gives a summary of the successful implants in smokers and non-smokers with
respect to jaw location.

Table 5. Overview of the successful implants (with 1 mm and 2 mm marginal bone loss as success
criterion) in smokers and non-smokers with respect to jaw location.

Non-Smokers Smokers

Bone Loss 10y
Post-op ≤ 1 mm

Bone Loss 10y
Post-op > 1 mm

Bone Loss 10y
Post-op ≤ 1 mm

Bone Loss 10y
Post-op > 1 mm

Jaw of
treatment Count % Count % Count % Count %

Total 272 81.2 63 18.8 37 59.7 25 40.3
Maxilla 165 78.9 44 21.1 14 41.2 20 58.8

Mandible 107 84.9 19 15.1 23 82.1 5 17.9

Bone loss 10y
post-op ≤ 2 mm

Bone loss 10y
post-op > 2 mm

Bone loss 10y
post-op ≤ 2 mm

Bone loss 10y
post-op > 2 mm

Jaw of
treatment Count % Count % Count % Count %

Total 297 88.7 38 11.3 43 69.4 19 30.6
Maxilla 185 88.5 24 11.5 18 52.9 16 47.1

Mandible 112 88.9 14 11.1 25 89.3 3 10.7

With the success criterion of “bone loss ≤1 mm after 10 years of follow-up”, non-smokers showed
81.2% implant success versus 59.7% for smokers. This difference was significant (p = 0.049, adjusted
for jaw). There was a significant difference in the probability of implant success between smokers
and non-smokers in the upper jaw (78.9% success in non-smokers versus 41.2% success in smokers,
p = 0.003). In our sample, a significant difference in the probability of implant success between
smokers and non-smokers in the lower jaw was absent (84.9% success in non-smokers versus 82.1%
success in smokers, p = 0.761). When the criterion was defined as “bone loss ≤2 mm after 10 years of
follow-up”, non-smokers showed an overall success rate of 88.7% versus 69.4% for the smoking group,
not statistically significant (p = 0.112, adjusted for jaw). A significant difference in the probability of
implant success was seen in the upper jaw (88.5% success in non-smokers versus 52.9% success in
smokers, p = 0.007). In our sample, one could not find a significant difference in the probability of
implant success in the lower jaw (88.9% success in non-smokers versus 89.3% success in smokers,
p = 0.961). Only the smoking group showed a significant difference in implant success between
maxilla and mandible, with higher implant success in the mandible (1 mm criterion p = 0.004; 2 mm
criterion p = 0.015). There was an indication of effect modification of smoking by the jaw, although
not statistically significant (p-value Fixed effects = 0.081). We found no difference in the proportion of
implant success at the patient level between smokers and non-smokers (1 mm criterion p-value from
Fisher’s exact test = 0.277 and 2 mm criterion p-value from Fisher’s exact test = 0.061).

3.5. Peri-Implant Health

The overall mean bleeding on probing was 0.30 (SD 0.38, range 0–1), with 30% of the implants
showing bleeding on probing, 0.29 (SD 0.38, range 0–1) in non-smokers versus 0.35 (SD 0.41, range
0–1) in smokers (p = 0.332). Overall mean pocket probing depth was 4.25 mm (SD 1.26, range
2.83–17.00) being 4.69 mm (SD 2.09, range 3–17) for smokers versus 4.19 mm (SD 1.08, range 2.83–9.5) in
non-smokers (p = 0.086). Table 6 gives an overview of the distribution of implants with peri-implantitis
between smokers and non-smokers for both jaws.
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Table 6. Distribution of implant with peri-implantitis in regard to jaw type and smoking status.

Jaw of Treatment Non-Smokers Smokers

Count % Count %

Total 33 10.5 17 28.8
Maxilla 19 9.8 11 34.4

Mandible 14 11.6 6 22.2

When taken jaw into account, implants placed in patients with smoking habits experienced
a 2.6 higher risk in developing peri-implantitis compared to the implants placed in non-smokers.
This difference was borderline non-significant (p = 0.053). When comparing jaws, 22.2% and 11.6%
of the implants placed in the mandible experienced peri-implantitis in smokers and non-smokers,
respectively. Regarding the upper jaw, this was 34.4% versus 9.8%, respectively. These differences
were found to be statistically non-significant (p = 0.228 and p = 0.127). Similarly, no statistically
significant difference was present between maxilla and mandible in each group (p = 0.481 for smokers
and p = 0.757 for non-smokers).

4. Discussion

This prospective, long-term follow-up study was performed in the setting of private practice.
As such, all patients in need of dental implants, irrespective of their medical condition, habits, or
socio-economic background, were included. This patient’s inclusion approach may differ from many
other clinical studies, whereby often so-called convenience patient samples or rather limited number
of cases are treated in an academic teaching facility [50]. The practice-based case selection may imply a
more truthful representation of the general population. The present study evaluated the long-term
10-years success of dental implants in relation to the patient’s smoking habits. Smoking status was
obtained by self-reporting, which might be not completely trustworthy because of the known fact that
patients underreport or deny their smoking behavior [51]. A patient was counted as a smoker if it
was mentioned in the patient file, irrespective of the type of smoking or the number of cigarettes a
day. In other words, there was no distinction between a light or heavy smoker. Furthermore, patients
might cease smoking for a while since the day of implant placement or might have diminished fully or
temporally during a certain period. However, as mentioned by Vervaeke et al. (2012) [32], smoking
at the time of implant placement was seen as the decisive factor because the initial process of bone
healing and soft-tissue healing was directly affected.

The literature is scarce, concerning the long-term effect of smoking on minimally 5 years’ survival
of implants with moderately rough surfaces. A recent systematic review, investigating the long-term
effect of surface roughness and patient factors on peri-implant bone loss, has included 87 papers out of
2566 reporting on mean bone loss and implant survival with at least 5 years of follow-up [52]. Some of
these studies, however, discuss mean bone loss and implant survival based on a rather limited number
of implants and patients. Patient compliance and motivation to participate for long-term follow-up
is often a difficulty, which may lead to a relatively high drop-out number over time. A recent study
concerning implant survival of a large number of implants with a moderately rough surface, placed in
the edentulous jaw, shows 10 years’ CSRs of 91.9% for the maxilla and 96.1% for the mandible, with a
higher risk for implant failure for the maxilla [53]. A similar study, considering partially edentulous
jaws, has shown a 10 years’ CSR of 95.2% [54].

The present study reported an overall survival of 92.7% on the implant level and 82.6% on the
patient level after 10 years. This was in accordance with other studies, evaluating the same or similar
surface-modified implant systems reporting survival rates of 93.4% up to 100% (Table 7) [55–58].
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Table 7. Overview of long-term clinical studies concerning mostly moderate rough implant surfaces.

Author Year Study
Design Subgroups Follow-Up

(y) Patients Implants at
Baseline

Implants at
Follow-Up Manufacturer Surface Baseline MBL (mm) SD BL

(mm) Survival % Surface
Roughness

Hoeksema et al. [59] 2016 Prospective Young 10 105 104 99 Straumann TPS Loading 1.2 1.1 97.10 Rough
Older 10 106 64 Straumann TPS Loading 1.2 1.2 93.4 Rough

Vandeweghe et al. [60] 2016a Retrospective No 7.5 46 211 211 Southern Mod rough Placement 1.17 0.49 99.50 Moderately rough
Vandeweghe et al. [23] 2016b Retrospective Mod rough 14.3 121 121 Southern Mod rough Placement 1.73 1.54 97 Moderately rough

Smooth 14.3 33 76 76 Southern Machined Placement 1.41 0.92 Smooth
Van Velzen et al. [61] 2015 Prospective No 10 250 506 367 Straumann SLA Placement 1.21 0.94 99.70 Moderately rough

Cooper et al. [62] 2014a Prospective No 5 19 23 18 Astra Tech Osseospeed Placement 0.18 0.79 96.5 Moderately rough
Vervaeke et al. [55] 2016 Prospective No 9 50 320 245 Astra Tech TiOblast Placement 1.68 2.08 99.20 Moderately rough

Cooper et al. [63] 2014b prospective Immediate
IT 5 113 55 55 Astra Tech Osseospeed Placement 0.43 0.63 95 Moderately rough

Delayed IT 5 58 58 Astra Tech Osseospeed Placement 0.38 0.62 98 Moderately rough
Donati et al. [64] 2015 Prospective No 5 151 161 140 Astra Tech Osseospeed Placement 0.32 1.15 95.6 Moderately rough
Rocci et al. [65] 2013 Prospective TiUnite 9 44 66 51 Nobel Biocare TiUnite Placement 1.40 / 95.5 Moderately rough

Machined 9 55 39 Nobel Biocare Machined Placement 1.70 / 85.5 Smooth
Dhima et al. [66] 2013 Retrospective No 9 81 81 81 Nobel Biocare TiUnite Placement –0.94 0.99 100 Moderately rough

Mertens et al. [67] 2012 Retrospective No 10.1 14 52 52 Astra Tech TiOblast Loading 0.30 0.50 100 Moderately rough
Renvert et al. [68] 2011 Retrospective TiOblast 13 41 80 80 Astra Tech TiOblast Loading 0.80 / / Moderately rough

Tiunite 13 84 84 Nobel Biocare TiUnite Loading 1 / / Moderately rough
Ravald et al. [69] 2013 Prospective TiOblast 5 66 184 170 Astra Tech TiOblast Placement 0.70 / 95 Moderately rough

Machined 5 187 175 Nobel Biocare Machined Placement 0.40 / 94.70 Smooth
Mertens et al. [70] 2011 Prospective No 8 17 106 99 Astra Tech TiOblast Loading 0.30 0.72 99 Moderately rough
Windael et al. [56] 2018 Prospective No 10 21 105 105 Astra Tech Osseospeed Loading 0.49 1.08 100 Moderately rough
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Compared with the initially reported implant survival rate of 98.3% after 24–58 months, implant
failure over time was limited but did not present a completely steady-state. Based on the absolute
survival rates, smokers were at 2.5 times higher risk to experience implant failure compared to
non-smokers. This number was in agreement with the short-term study by Vervaeke and co-workers
(2012) and the meta-analysis by Strietzel and coworkers (2007) [32,71]. Smoking has been identified
in the literature as a predictor of implant failure [18]. The maxilla seems more prone to implant
failure in smokers, with 5 times higher failure frequency in the present study, in contrast to the
mandible with practically no difference in failure [8,17]. Both early and late implant failure were
reported. The cumulative survival calculation (Figures 2 and 3) showed that, in this study, non-smokers
experienced most implant loss before prosthetic loading, while smokers experienced more late
failure. The fact that early failure was only seen in non-smoking patients seemed contradictory to
the literature, where smoking habits are linked to a higher risk for early implant failure, especially
in the maxilla [27,72–76]. A possible explanation is the relatively lower number of smoking patients
included in the study (13.2%). On the other hand, the reported higher late implant failure seemed
consistent with the literature, identifying smoking as a risk factor in time [18,74,75,77]. Based on the
CSR, smokers showed a 2.7 higher implant failure rate, which seemed consistent with a 3.7 to 4.0 times
higher failure reported in the literature [17,32].

Bone loss beyond the reference point was calculated on the patient level because of the systemic
character of smoking and on the implant level to avoid masking clinical complications in the case of
multiple implants within the same individual. An overall mean bone loss was found of 0.97 mm (SD
1.79) on the implant level and 0.90 mm (SD 1.39) on the patient level after an average of 11.38 years
of function. Bone level changes of moderately rough implants are reported to be in the order of
0.18–1.8 mm in the long-term [52,55,56,62–64,76]. A systematic review has reported a mean bone
loss of 1.01 mm [52]. Many papers included in this review did not take initial bone remodeling into
account because baseline radiographs were lacking. As such, the bone loss reported in this review
is an underestimation of the true total bone loss. In our study, the baseline radiograph was taken
immediately after implant placement. Hence, the mean bone loss of 0.97 mm included both initial
bone remodeling as well as a functional bone loss after 10 years.

Smoking has been identified as a predictor of (late) peri-implant bone loss [18,55]. The present
study showed a significantly higher peri-implant bone loss in smokers compared to non-smokers.
In regard to the jaw of treatment, only in patients with smoking habits, the maxilla showed a significantly
higher bone loss. This was in accordance with other studies [15,17,18,29,32,55,78]. The maxilla seems
more susceptible to the detrimental effect of smoking, with a time-dependent effect on peri-implant
bone loss [7]. A more intense contact between the palate and tobacco smoke, less cortical bone,
often jeopardized bone quality, and less protection by the tongue may also explain the difference
with the mandible [17]. An imported notification is the synergistic effect of smoking with other
risk factors, especially the combination of periodontal pathology and smoking. A recent study has
shown an estimated extra bone loss of 2.3 mm after 9 years of follow-up in smokers with a history of
periodontitis [55]. With 2 mm as a threshold for implant success, smoking habits in combination with a
history of periodontal disease have yielded a 45.3% success vs. 100% for non-smokers with no history
of periodontitis [55]. Interaction between different variables (such as age, gender, systemic disease, the
jaw of treatment, implant features, loading protocol, prosthetic reconstruction, recall compliance) may
be possible. In the present study, only one patient had (regulated) diabetes, and one patient started
oral bisphosphonates several years after implant treatment. Because this concerned only one patient
for each condition, this was not further investigated. The present study did not use a multivariate
analysis to correct these factors because of the relatively small study population. Future research
should investigate further in a multivariate way on these different factors in large study populations
with long-term follow-up.

Whereas smoking is strongly identified as a risk factor in the literature for periodontal
pathology, inconclusive evidence exists regarding smoking as a risk factor or risk indicator for
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peri-implantitis [79,80]. Some studies have observed a strong association [16,81–84], but the majority
have failed to identify smoking as a risk factor for peri-implantitis. The present study showed a
significantly higher peri-implant bone loss in smokers, suggesting a higher chance of developing
peri-implantitis. In accordance with this statement, the present study observed a 2.6 higher risk for
smokers to develop peri-implantitis (based on the proposed criteria by Berglundh et al. regarding
bone loss, BOP, and PPD [49]). However, this finding was not statistically significant, probably due to
the relatively small number of smoking patients in this study.

5. Conclusions

Implants adapted with a fluoride-modified surface provided a high 10 years’ survival with limited
bone loss. Smokers were, however, more susceptible to peri-implant bone loss and experienced a higher
rate of implant failure, especially in the upper jaw. The overall bone loss over time was significantly
higher in smoking patients, which might be suggestive for a higher peri-implantitis risk. Hence,
smoking cessation should be advised and maintained after implant placement from the perspective of
peri-implant disease prevention.

Author Contributions: Conceptualization, S.W., S.V., H.D.B., B.C.; Data curation, S.W., S.D.B., B.C.; Formal
analysis, S.W., S.D.B.; Funding acquisition, H.D.B.; Investigation, S.W., B.C.; Methodology, S.W., S.V., H.D.B.,
B.C.; Project administration, H.D.B.; Resources, H.D.B., B.C.; Software, S.D.B.; Supervision, S.V., H.D.B., B.C.;
Visualization, S.W.; Writing—original draft, S.W.; Writing—review and editing, S.V., H.D.B., B.C. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by DENTSPLY Implants through a research collaboration agreement (Exhibit
05 (I-AS-14-019)).

Acknowledgments: Simon Windael has a part-time research position, using resources provided by Dentsply
Sirona (York, PA, USA). De Bruyn had, on behalf of the Ghent University (until 2017), a research collaboration
agreement with Dentsply Sirona (York, PA, USA), including resources to perform the current study. Bruno Collaert
received a research grant from Dentsply Sirona (York, PA, USA).

Conflicts of Interest: De Bruyn had, on behalf of the Ghent University (until 2017), a research collaboration
agreement with Dentsply Sirona (York, PA, USA), including resources to perform the current study. Bruno Collaert
received a research grant from Dentsply Sirona (York, PA, USA).

References

1. Bilano, V.; Gilmour, S.; Moffiet, T.; d’Espaignet, E.T.; Stevens, G.A.; Commar, A.; Tuyl, F.; Hudson, I.;
Shibuya, K. Global trends and projections for tobacco use, 1990-2025: An analysis of smoking indicators from
the WHO Comprehensive Information Systems for Tobacco Control. Lancet 2015, 385, 966–976. [CrossRef]

2. Jha, P.; Peto, R. Global effects of smoking, of quitting, and of taxing tobacco. N. Engl. J. Med. 2014, 370, 60–68.
[CrossRef] [PubMed]

3. Stanaway, J.D.; Afshin, A.; Gakidou, E.; Lim, S.S.; Abate, D.; Abate, K.H.; Abbafati, C.; Abbasi, N.;
Abbastabar, H.; Abd-Allah, F.; et al. Global, regional, and national comparative risk assessment of 84
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and
territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392,
1923–1994. [CrossRef]

4. Roser, M.; Ritchie, H. Smoking. Our World in Data. Available online: https://ourworldindata.org/smoking#
citation (accessed on 10 March 2020).

5. Millar, W.J.; Locker, D. Smoking and oral health status. J. Can. Dent. Assoc. 2007, 73, 155.
6. Warren, G.W.; Alberg, A.J.; Kraft, A.S.; Cummings, K.M. The 2014 Surgeon General’s report: "The health

consequences of smoking–50 years of progress": A paradigm shift in cancer care. Cancer 2014, 120, 1914–1916.
[CrossRef]

7. Collaert, B.; De Bruyn, H. Immediate functional loading of TiOblast dental implants in full-arch edentulous
maxillae: A 3-year prospective study. Clin. Oral Implants Res. 2008, 19, 1254–1260. [CrossRef]

8. Hinode, D.; Tanabe, S.; Yokoyama, M.; Fujisawa, K.; Yamauchi, E.; Miyamoto, Y. Influence of smoking on
osseointegrated implant failure: A meta-analysis. Clin. Oral Implants Res. 2006, 17, 473–478. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/S0140-6736(15)60264-1
http://dx.doi.org/10.1056/NEJMra1308383
http://www.ncbi.nlm.nih.gov/pubmed/24382066
http://dx.doi.org/10.1016/s0140-6736(18)32225-6
https://ourworldindata.org/smoking#citation
https://ourworldindata.org/smoking#citation
http://dx.doi.org/10.1002/cncr.28695
http://dx.doi.org/10.1111/j.1600-0501.2008.01586.x
http://dx.doi.org/10.1111/j.1600-0501.2005.01244.x
http://www.ncbi.nlm.nih.gov/pubmed/16907781


J. Clin. Med. 2020, 9, 1056 15 of 18

9. Klinge, B.; Klinge, A.; Bertl, K.; Stavropoulos, A. Peri-implant diseases. Eur. J. Oral Sci. 2018, 126, 88–94.
[CrossRef]

10. Klinge, B.; Meyle, J.; Working Group 2. Peri-implant tissue destruction. The Third EAO Consensus
Conference 2012. Clin. Oral Implants Res. 2012, 23, 108–110. [CrossRef]

11. Lindhe, J.; Meyle, J.; Group D of the European Workshop on Periodontology. Peri-implant diseases:
Consensus Report of the Sixth European Workshop on Periodontology. J. Clin. Periodontol. 2008, 35, 282–285.
[CrossRef]

12. Klinge, B.; Flemming, T.; Cosyn, J.; De Bruyn, H.; Eisner, B.M.; Hultin, M.; Isidor, F.; Lang, N.P.; Lund, B.;
Meyle, J.; et al. The patient undergoing implant therapy. Summary and consensus statements. The 4th EAO
Consensus Conference 2015. Clin. Oral Implants Res. 2015, 26, 64–67. [CrossRef] [PubMed]

13. Lindquist, L.W.; Carlsson, G.E.; Jemt, T. Association between marginal bone loss around osseointegrated
mandibular implants and smoking habits: A 10-year follow-up study. J. Dent. Res. 1997, 76, 1667–1674.
[CrossRef] [PubMed]

14. Bain, C.A.; Moy, P.K. The association between the failure of dental implants and cigarette smoking. Int. J.
Oral Maxillofac. Implants 1993, 8, 609–615. [PubMed]

15. Javed, F.; Rahman, I.; Romanos, G.E. Tobacco-product usage as a risk factor for dental implants. Periodontol.
2000 2019, 81, 48–56. [CrossRef] [PubMed]

16. Karoussis, I.K.; Salvi, G.E.; Heitz-Mayfield, L.J.; Bragger, U.; Hammerle, C.H.; Lang, N.P. Long-term implant
prognosis in patients with and without a history of chronic periodontitis: A 10-year prospective cohort study
of the ITI Dental Implant System. Clin. Oral Implants Res. 2003, 14, 329–339. [CrossRef] [PubMed]

17. Vandeweghe, S.; De Bruyn, H. The effect of smoking on early bone remodeling on surface modified Southern
Implants(R). Clin. Implant. Dent. Relat Res. 2011, 13, 206–214. [CrossRef] [PubMed]

18. Vervaeke, S.; Collaert, B.; Cosyn, J.; Deschepper, E.; De Bruyn, H. A multifactorial analysis to identify
predictors of implant failure and peri-implant bone loss. Clin. Implant. Dent. Relat. Res. 2015, 17, e298–e307.
[CrossRef]

19. Vervaeke, S.; Collaert, B.; De Bruyn, H. The effect of implant surface modifications on survival and bone
loss of immediately loaded implants in the edentulous mandible. Int. J. Oral Maxillofac. Implants 2013, 28,
1352–1357. [CrossRef]

20. Vervaeke, S.; Collaert, B.; De Bruyn, H. Immediate loading of implants in the maxilla: Survival and bone loss
after at least 2 years in function. Int. J. Oral Maxillofac. Implants 2013, 28, 216–221. [CrossRef]

21. Vervaeke, S.; Dierens, M.; Besseler, J.; De Bruyn, H. The influence of initial soft tissue thickness on peri-implant
bone remodeling. Clin. Implant. Dent. Relat Res. 2014, 16, 238–247. [CrossRef]

22. Warnakulasuriya, S.; Dietrich, T.; Bornstein, M.M.; Peidro, E.C.; Preshaw, P.M.; Walter, C.; Wennstrom, J.L.;
Bergstrom, J. Oral health risks of tobacco use and effects of cessation. Int. Dent. J. 2010, 60, 7–30. [CrossRef]

23. Vandeweghe, S.; Hawker, P.; De Bruyn, H. An Up to 12-Year Retrospective Follow-Up on Immediately
Loaded, Surface-Modified Implants in the Edentulous Mandible. Clin. Implant. Dent. Relat Res. 2016, 18,
323–331. [CrossRef] [PubMed]

24. Zangrando, M.S.; Damante, C.A.; Sant’Ana, A.C.; Rubo de Rezende, M.L.; Greghi, S.L.; Chambrone, L.
Long-term evaluation of periodontal parameters and implant outcomes in periodontally compromised
patients: A systematic review. J. Periodontol. 2015, 86, 201–221. [CrossRef]

25. Sayardoust, S.; Omar, O.; Norderyd, O.; Thomsen, P. Clinical, radiological, and gene expression analyses in
smokers and non-smokers, Part 2: RCT on the late healing phase of osseointegration. Clin. Implant. Dent.
Relat Res. 2017, 19, 901–915. [CrossRef] [PubMed]

26. Sayardoust, S.; Omar, O.; Thomsen, P. Gene expression in peri-implant crevicular fluid of smokers and
nonsmokers. 1. The early phase of osseointegration. Clin. Implant. Dent. Relat Res. 2017, 19, 681–693.
[CrossRef] [PubMed]

27. Derks, J.; Hakansson, J.; Wennstrom, J.L.; Tomasi, C.; Larsson, M.; Berglundh, T. Effectiveness of implant
therapy analyzed in a Swedish population: Early and late implant loss. J. Dent. Res. 2015, 94, 44S–51S.
[CrossRef]

28. Cochran, D.L.; Nummikoski, P.V.; Schoolfield, J.D.; Jones, A.A.; Oates, T.W. A prospective multicenter 5-year
radiographic evaluation of crestal bone levels over time in 596 dental implants placed in 192 patients. J.
Periodontol. 2009, 80, 725–733. [CrossRef]

http://dx.doi.org/10.1111/eos.12529
http://dx.doi.org/10.1111/j.1600-0501.2012.02555.x
http://dx.doi.org/10.1111/j.1600-051X.2008.01283.x
http://dx.doi.org/10.1111/clr.12675
http://www.ncbi.nlm.nih.gov/pubmed/26385621
http://dx.doi.org/10.1177/00220345970760100801
http://www.ncbi.nlm.nih.gov/pubmed/9326899
http://www.ncbi.nlm.nih.gov/pubmed/8181822
http://dx.doi.org/10.1111/prd.12282
http://www.ncbi.nlm.nih.gov/pubmed/31407428
http://dx.doi.org/10.1034/j.1600-0501.000.00934.x
http://www.ncbi.nlm.nih.gov/pubmed/12755783
http://dx.doi.org/10.1111/j.1708-8208.2009.00198.x
http://www.ncbi.nlm.nih.gov/pubmed/19744200
http://dx.doi.org/10.1111/cid.12149
http://dx.doi.org/10.11607/jomi.3200
http://dx.doi.org/10.11607/jomi.2606
http://dx.doi.org/10.1111/j.1708-8208.2012.00474.x
http://dx.doi.org/10.1922/IDJ_2532Warnakulasuriya24
http://dx.doi.org/10.1111/cid.12322
http://www.ncbi.nlm.nih.gov/pubmed/25907756
http://dx.doi.org/10.1902/jop.2014.140390
http://dx.doi.org/10.1111/cid.12514
http://www.ncbi.nlm.nih.gov/pubmed/28744993
http://dx.doi.org/10.1111/cid.12486
http://www.ncbi.nlm.nih.gov/pubmed/28470893
http://dx.doi.org/10.1177/0022034514563077
http://dx.doi.org/10.1902/jop.2009.080401


J. Clin. Med. 2020, 9, 1056 16 of 18

29. Moraschini, V.; Barboza, E. Success of dental implants in smokers and non-smokers: A systematic review
and meta-analysis. Int. J. Oral Maxillofac. Surg. 2016, 45, 205–215. [CrossRef]

30. Yoon, V.; Maalouf, N.M.; Sakhaee, K. The effects of smoking on bone metabolism. Osteoporos. Int. 2012, 23,
2081–2092. [CrossRef]

31. DeLuca, S.; Zarb, G. The effect of smoking on osseointegrated dental implants. Part II: Peri-implant bone
loss. Int. J. Prosthodont. 2006, 19, 560–566.

32. Vervaeke, S.; Collaert, B.; Vandeweghe, S.; Cosyn, J.; Deschepper, E.; De Bruyn, H. The effect of smoking on
survival and bone loss of implants with a fluoride-modified surface: A 2-year retrospective analysis of 1106
implants placed in daily practice. Clin. Oral Implants. Res. 2012, 23, 758–766. [CrossRef] [PubMed]

33. Albrektsson, T.; Wennerberg, A. The impact of oral implants - past and future, 1966-2042. J. Can. Dent. Assoc.
2005, 71, 327. [PubMed]

34. Mendonca, G.; Mendonca, D.B.; Aragao, F.J.; Cooper, L.F. Advancing dental implant surface technology–from
micron- to nanotopography. Biomaterials 2008, 29, 3822–3835. [CrossRef] [PubMed]

35. Van de Velde, T.; Collaert, B.; Sennerby, L.; De Bruyn, H. Effect of implant design on preservation of marginal
bone in the mandible. Clin. Implant. Dent. Relat. Res. 2010, 12, 134–141. [CrossRef]

36. d’Avila, S.; dos Reis, L.D.; Piattelli, A.; Aguiar, K.C.; de Faveri, M.; Borges, F.L.; Iezzi, G.; Oliveira, N.T.; de G.
Cardoso, L.A.; Shibli, J.A. Impact of smoking on human bone apposition at different dental implant surfaces:
A histologic study in type IV bone. J. Oral Implantol. 2010, 36, 85–90. [CrossRef]

37. Berglundh, T.; Abrahamsson, I.; Albouy, J.P.; Lindhe, J. Bone healing at implants with a fluoride-modified
surface: An experimental study in dogs. Clin. Oral Implants Res. 2007, 18, 147–152. [CrossRef]

38. Cooper, L.F.; Zhou, Y.; Takebe, J.; Guo, J.; Abron, A.; Holmen, A.; Ellingsen, J.E. Fluoride modification
effects on osteoblast behavior and bone formation at TiO2 grit-blasted c.p. titanium endosseous implants.
Biomaterials 2006, 27, 926–936. [CrossRef]

39. Ellingsen, J.E.; Johansson, C.B.; Wennerberg, A.; Holmen, A. Improved retention and bone-tolmplant contact
with fluoride-modified titanium implants. Int. J. Oral Maxillofac. Implants 2004, 19, 659–666.

40. Thor, A.; Rasmusson, L.; Wennerberg, A.; Thomsen, P.; Hirsch, J.M.; Nilsson, B.; Hong, J. The role of whole
blood in thrombin generation in contact with various titanium surfaces. Biomaterials 2007, 28, 966–974.
[CrossRef] [PubMed]

41. Collaert, B.; Wijnen, L.; De Bruyn, H. A 2-year prospective study on immediate loading with fluoride-modified
implants in the edentulous mandible. Clin. Oral Implants Res. 2011, 22, 1111–1116. [CrossRef] [PubMed]

42. Mertens, C.; Steveling, H.G.; Seeberger, R.; Hoffmann, J.; Freier, K. Reconstruction of severely atrophied
alveolar ridges with calvarial onlay bone grafts and dental implants. Clin. Implant. Dent. Relat Res. 2013, 15,
673–683. [CrossRef] [PubMed]

43. Pieri, F.; Aldini, N.N.; Fini, M.; Marchetti, C.; Corinaldesi, G. Immediate fixed implant rehabilitation of the
atrophic edentulous maxilla after bilateral sinus floor augmentation: A 12-month pilot study. Clin. Implant.
Dent. Relat Res. 2012, 14, e67–e82. [CrossRef] [PubMed]

44. Pieri, F.; Lizio, G.; Bianchi, A.; Corinaldesi, G.; Marchetti, C. Immediate loading of dental implants placed
in severely resorbed edentulous maxillae reconstructed with Le Fort I osteotomy and interpositional bone
grafting. J. Periodontol. 2012, 83, 963–972. [CrossRef] [PubMed]

45. Mombelli, A.; Lang, N.P. Clinical parameters for the evaluation of dental implants. Periodontol. 2000 1994, 4,
81–86. [CrossRef]

46. Albrektsson, T.; Zarb, G.A. Determinants of correct clinical reporting. Int J. Prosthodont 1998, 11, 517–521.
47. Sanz, M.; Chapple, I.L.; Working Group 4 of the VIII European Workshop on Periodontology. Clinical

research on peri-implant diseases: Consensus report of Working Group 4. J. Clin. Periodontol. 2012, 39,
202–206. [CrossRef]

48. Klinge, B. Peri-implant marginal bone loss: An academic controversy or a clinical challenge? Eur. J. Oral
Implantol. 2012, 5, S13–S19.

49. Berglundh, T.; Armitage, G.; Araujo, M.G.; Avila-Ortiz, G.; Blanco, J.; Camargo, P.M.; Chen, S.; Cochran, D.;
Derks, J.; Figuero, E.; et al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of
the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions.
J. Periodontol. 2018, 89, S313–S318. [CrossRef]

http://dx.doi.org/10.1016/j.ijom.2015.08.996
http://dx.doi.org/10.1007/s00198-012-1940-y
http://dx.doi.org/10.1111/j.1600-0501.2011.02201.x
http://www.ncbi.nlm.nih.gov/pubmed/21545531
http://www.ncbi.nlm.nih.gov/pubmed/15949251
http://dx.doi.org/10.1016/j.biomaterials.2008.05.012
http://www.ncbi.nlm.nih.gov/pubmed/18617258
http://dx.doi.org/10.1111/j.1708-8208.2008.00145.x
http://dx.doi.org/10.1563/AAID-JOI-D-09-00018
http://dx.doi.org/10.1111/j.1600-0501.2006.01309.x
http://dx.doi.org/10.1016/j.biomaterials.2005.07.009
http://dx.doi.org/10.1016/j.biomaterials.2006.10.020
http://www.ncbi.nlm.nih.gov/pubmed/17095084
http://dx.doi.org/10.1111/j.1600-0501.2010.02077.x
http://www.ncbi.nlm.nih.gov/pubmed/21244503
http://dx.doi.org/10.1111/j.1708-8208.2011.00390.x
http://www.ncbi.nlm.nih.gov/pubmed/22008742
http://dx.doi.org/10.1111/j.1708-8208.2011.00360.x
http://www.ncbi.nlm.nih.gov/pubmed/21745321
http://dx.doi.org/10.1902/jop.2012.110460
http://www.ncbi.nlm.nih.gov/pubmed/22264210
http://dx.doi.org/10.1111/j.1600-0757.1994.tb00008.x
http://dx.doi.org/10.1111/j.1600-051X.2011.01837.x
http://dx.doi.org/10.1002/JPER.17-0739


J. Clin. Med. 2020, 9, 1056 17 of 18

50. Tomasi, C.; Derks, J. Clinical research of peri-implant diseases–quality of reporting, case definitions and
methods to study incidence, prevalence and risk factors of peri-implant diseases. J. Clin. Periodontol. 2012,
39, 207–223. [CrossRef]

51. Kandel, D.B.; Schaffran, C.; Griesler, P.C.; Hu, M.C.; Davies, M.; Benowitz, N. Salivary cotinine concentration
versus self-reported cigarette smoking: Three patterns of inconsistency in adolescence. Nicotine Tob. Res.
2006, 8, 525–537. [CrossRef]

52. Doornewaard, R.; Christiaens, V.; De Bruyn, H.; Jacobsson, M.; Cosyn, J.; Vervaeke, S.; Jacquet, W. Long-Term
Effect of Surface Roughness and Patients’ Factors on Crestal Bone Loss at Dental Implants. A Systematic
Review and Meta-Analysis. Clin. Implant. Dent. Relat. Res. 2017, 19, 372–399. [CrossRef] [PubMed]

53. Jemt, T. Implant Survival in the Edentulous Jaw: 30 Years of Experience. Part II: A Retro-Prospective
Multivariate Regression Analysis Related to Treated Arch and Implant Surface Roughness. Int. J. Prosthodont.
2018, 31, 531–539. [CrossRef] [PubMed]

54. Jemt, T. Implant Survival in the Posterior Partially Edentulous Arch-30 Years of Experience. Part IV: A
Retro-Prospective Multivariable Regression Analysis on Implant Failures Related to Arch and Implant
Surface. Int. J. Prosthodont. 2019, 32, 143–152. [CrossRef] [PubMed]

55. Vervaeke, S.; Collaert, B.; Cosyn, J.; De Bruyn, H. A 9-Year Prospective Case Series Using Multivariate
Analyses to Identify Predictors of Early and Late Peri-Implant Bone Loss. Clin. Implant. Dent. Relat Res.
2016, 18, 30–39. [CrossRef]

56. Windael, S.; Vervaeke, S.; Wijnen, L.; Jacquet, W.; De Bruyn, H.; Collaert, B. Ten-year follow-up of dental
implants used for immediate loading in the edentulous mandible: A prospective clinical study. Clin. Implant.
Dent. Relat Res. 2018, 20, 515–521. [CrossRef]

57. Albrektsson, T.; Chrcanovic, B.; Ostman, P.O.; Sennerby, L. Initial and long-term crestal bone responses to
modern dental implants. Periodontol. 2000 2017, 73, 41–50. [CrossRef]

58. Pjetursson, B.E.; Thoma, D.; Jung, R.; Zwahlen, M.; Zembic, A. A systematic review of the survival and
complication rates of implant-supported fixed dental prostheses (FDPs) after a mean observation period of
at least 5 years. Clin. Oral Implants Res. 2012, 23 (Suppl. 6), 22–38. [CrossRef]

59. Hoeksema, A.R.; Visser, A.; Raghoebar, G.M.; Vissink, A.; Meijer, H.J. Influence of Age on Clinical Performance
of Mandibular Two-Implant Overdentures: A 10-Year Prospective Comparative Study. Clin. Implant Dent.
Relat. Res. 2016, 18, 745–751. [CrossRef]

60. Vandeweghe, S.; Ferreira, D.; Vermeersch, L.; Marien, M.; De Bruyn, H. Long-term retrospective follow-up of
turned and moderately rough implants in the edentulous jaw. Clin. Oral Implants Res. 2016, 27, 421–426.
[CrossRef]

61. van Velzen, F.J.; Ofec, R.; Schulten, E.A.; Ten Bruggenkate, C.M. 10-year survival rate and the incidence of
peri-implant disease of 374 titanium dental implants with a SLA surface: A prospective cohort study in 177
fully and partially edentulous patients. Clin. Oral Implants Res. 2015, 26, 1121–1128. [CrossRef]

62. Cooper, L.F.; Reside, G.; Raes, F.; Garriga, J.S.; Tarrida, L.G.; Wiltfang, J.; Kern, M.; De Bruyn, H. Immediate
provisionalization of dental implants in grafted alveolar ridges in the esthetic zone: A 5-year evaluation. Int.
J. Periodont. Restorat. Dent. 2014, 34, 477–486. [CrossRef] [PubMed]

63. Cooper, L.F.; Reside, G.J.; Raes, F.; Garriga, J.S.; Tarrida, L.G.; Wiltfang, J.; Kern, M.; De Bruyn, H. Immediate
provisionalization of dental implants placed in healed alveolar ridges and extraction sockets: A 5-year
prospective evaluation. Int. J. Oral Maxillofac. Implants 2014, 29, 709–717. [CrossRef] [PubMed]

64. Donati, M.; La Scala, V.; Di Raimondo, R.; Speroni, S.; Testi, M.; Berglundh, T. Marginal bone preservation in
single-tooth replacement: A 5-year prospective clinical multicenter study. Clin. Implant Dent. Relat. Res.
2015, 17, 425–434. [CrossRef] [PubMed]

65. Rocci, A.; Rocci, M.; Rocci, C.; Scoccia, A.; Gargari, M.; Martignoni, M.; Gottlow, J.; Sennerby, L. Immediate
loading of Branemark system TiUnite and machined-surface implants in the posterior mandible, part II: A
randomized open-ended 9-year follow-up clinical trial. Int. J. Oral Maxillofac. Implants 2013, 28, 891–895.
[CrossRef] [PubMed]

66. Dhima, M.; Balshi, T.; Wolfinger, G.; Petropoulos, V.C.; Balshi, S. A retrospective analysis of mandibular bone
height changes associated with 81 screw-retained implant-supported prostheses with distal cantilevers: A
long-term follow-up analysis. Int. J. Oral Maxillofac. Implants 2013, 28, 854–859. [CrossRef]

http://dx.doi.org/10.1111/j.1600-051X.2011.01831.x
http://dx.doi.org/10.1080/14622200600672732
http://dx.doi.org/10.1111/cid.12457
http://www.ncbi.nlm.nih.gov/pubmed/27860171
http://dx.doi.org/10.11607/ijp.5883
http://www.ncbi.nlm.nih.gov/pubmed/30408136
http://dx.doi.org/10.11607/ijp.6012
http://www.ncbi.nlm.nih.gov/pubmed/30856638
http://dx.doi.org/10.1111/cid.12255
http://dx.doi.org/10.1111/cid.12612
http://dx.doi.org/10.1111/prd.12176
http://dx.doi.org/10.1111/j.1600-0501.2012.02546.x
http://dx.doi.org/10.1111/cid.12351
http://dx.doi.org/10.1111/clr.12602
http://dx.doi.org/10.1111/clr.12499
http://dx.doi.org/10.11607/prd.2022
http://www.ncbi.nlm.nih.gov/pubmed/25006765
http://dx.doi.org/10.11607/jomi.3617
http://www.ncbi.nlm.nih.gov/pubmed/24818212
http://dx.doi.org/10.1111/cid.12117
http://www.ncbi.nlm.nih.gov/pubmed/23879615
http://dx.doi.org/10.11607/jomi.2397
http://www.ncbi.nlm.nih.gov/pubmed/23748324
http://dx.doi.org/10.11607/jomi.2768


J. Clin. Med. 2020, 9, 1056 18 of 18

67. Mertens, C.; Steveling, H.G.; Stucke, K.; Pretzl, B.; Meyer-Baumer, A. Fixed implant-retained rehabilitation
of the edentulous maxilla: 11-year results of a prospective study. Clin. Implant Dent. Relat. Res. 2012, 14,
816–827. [CrossRef] [PubMed]

68. Renvert, S.; Polyzois, I.; Claffey, N. How do implant surface characteristics influence peri-implant disease?
J. Clin. Periodontol. 2011, 38, 214–222. [CrossRef]

69. Ravald, N.; Dahlgren, S.; Teiwik, A.; Grondahl, K. Long-term evaluation of Astra Tech and Branemark
implants in patients treated with full-arch bridges. Results after 12-15 years. Clin. Oral Implants Res. 2013, 24,
1144–1151. [CrossRef]

70. Mertens, C.; Steveling, H.G. Implant-supported fixed prostheses in the edentulous maxilla: 8-year prospective
results. Clin. Oral Implants Res. 2011, 22, 464–472. [CrossRef]

71. Strietzel, F.P.; Reichart, P.A.; Kale, A.; Kulkarni, M.; Wegner, B.; Kuchler, I. Smoking interferes with the
prognosis of dental implant treatment: A systematic review and meta-analysis. J. Clin. Periodontol. 2007, 34,
523–544. [CrossRef]

72. Alsaadi, G.; Quirynen, M.; Komarek, A.; van Steenberghe, D. Impact of local and systemic factors on
the incidence of oral implant failures, up to abutment connection. J. Clin. Periodontol. 2007, 34, 610–617.
[CrossRef] [PubMed]

73. Alsaadi, G.; Quirynen, M.; Michiles, K.; Teughels, W.; Komarek, A.; van Steenberghe, D. Impact of local and
systemic factors on the incidence of failures up to abutment connection with modified surface oral implants.
J. Clin. Periodontol. 2008, 35, 51–57. [CrossRef] [PubMed]

74. Chrcanovic, B.R.; Kisch, J.; Albrektsson, T.; Wennerberg, A. Factors Influencing Early Dental Implant Failures.
J. Dent. Res. 2016, 95, 995–1002. [CrossRef] [PubMed]

75. Keenan, J.R.; Veitz-Keenan, A. The impact of smoking on failure rates, postoperative infection and marginal
bone loss of dental implants. Evid. Based Dent. 2016, 17, 4–5. [CrossRef]

76. De Bruyn, H.; Collaert, B. The effect of smoking on early implant failure. Clin. Oral Implants Res. 1994, 5,
260–264. [CrossRef]

77. Chrcanovic, B.R.; Albrektsson, T.; Wennerberg, A. Reasons for failures of oral implants. J. Oral Rehabil. 2014,
41, 443–476. [CrossRef]

78. Stoker, G.; van Waas, R.; Wismeijer, D. Long-term outcomes of three types of implant-supported mandibular
overdentures in smokers. Clin. Oral Implants Res. 2012, 23, 925–929. [CrossRef]

79. Berglundh, T.; Armitage, G.; Araujo, M.G.; Avila-Ortiz, G.; Blanco, J.; Camargo, P.M.; Chen, S.; Cochran, D.;
Derks, J.; Figuero, E.; et al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of the
2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions. J. Clin.
Periodontol 2018, 45, S286–S291. [CrossRef]

80. Schwarz, F.; Derks, J.; Monje, A.; Wang, H.L. Peri-implantitis. J. Clin. Periodontol. 2018, 45, S246–S266.
[CrossRef]

81. Roos-Jansaker, A.M.; Lindahl, C.; Renvert, H.; Renvert, S. Nine- to fourteen-year follow-up of implant
treatment. Part II: Presence of peri-implant lesions. J. Clin. Periodontol. 2006, 33, 290–295. [CrossRef]

82. Roos-Jansaker, A.M.; Renvert, H.; Lindahl, C.; Renvert, S. Nine- to fourteen-year follow-up of implant
treatment. Part III: Factors associated with peri-implant lesions. J. Clin. Periodontol. 2006, 33, 296–301.
[CrossRef] [PubMed]

83. Schwarz, F.; Becker, K.; Sahm, N.; Horstkemper, T.; Rousi, K.; Becker, J. The prevalence of peri-implant
diseases for two-piece implants with an internal tube-in-tube connection: A cross-sectional analysis of 512
implants. Clin. Oral Implants Res. 2017, 28, 24–28. [CrossRef] [PubMed]

84. Turri, A.; Rossetti, P.H.; Canullo, L.; Grusovin, M.G.; Dahlin, C. Prevalence of Peri-implantitis in Medically
Compromised Patients and Smokers: A Systematic Review. Int. J. Oral Maxillofac. Implants 2016, 31, 111–118.
[CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1708-8208.2011.00434.x
http://www.ncbi.nlm.nih.gov/pubmed/22251485
http://dx.doi.org/10.1111/j.1600-051X.2010.01661.x
http://dx.doi.org/10.1111/j.1600-0501.2012.02524.x
http://dx.doi.org/10.1111/j.1600-0501.2010.02028.x
http://dx.doi.org/10.1111/j.1600-051X.2007.01083.x
http://dx.doi.org/10.1111/j.1600-051X.2007.01077.x
http://www.ncbi.nlm.nih.gov/pubmed/17433044
http://dx.doi.org/10.1111/j.1600-051X.2007.01165.x
http://www.ncbi.nlm.nih.gov/pubmed/18034851
http://dx.doi.org/10.1177/0022034516646098
http://www.ncbi.nlm.nih.gov/pubmed/27146701
http://dx.doi.org/10.1038/sj.ebd.6401144
http://dx.doi.org/10.1034/j.1600-0501.1994.050410.x
http://dx.doi.org/10.1111/joor.12157
http://dx.doi.org/10.1111/j.1600-0501.2011.02237.x
http://dx.doi.org/10.1111/jcpe.12957
http://dx.doi.org/10.1111/jcpe.12954
http://dx.doi.org/10.1111/j.1600-051X.2006.00906.x
http://dx.doi.org/10.1111/j.1600-051X.2006.00908.x
http://www.ncbi.nlm.nih.gov/pubmed/16553639
http://dx.doi.org/10.1111/clr.12609
http://www.ncbi.nlm.nih.gov/pubmed/26178415
http://dx.doi.org/10.11607/jomi.4149
http://www.ncbi.nlm.nih.gov/pubmed/26800167
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patient Selection and Clinical Procedure 
	Examination Criteria 
	Statistical Analysis 
	Implant Survival 
	Peri-Implant Bone Loss (mm) 
	Implant Success 
	Peri-Implant Health (Implant Level) 
	Software 


	Results 
	Patient Population 
	Implants Survival 
	Peri-Implant Bone Loss 
	Implant Success 
	Peri-Implant Health 

	Discussion 
	Conclusions 
	References

