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Abstract

Aim: This systematic literature review was performed to investigate if smoking
interferes with the prognosis of implants with and without accompanying
augmentation procedures compared with non-smokers.

Methods: A systematic electronic and handsearch (articles published between 1989
and 2005; English and German language; search terms ‘‘dental or oral implants

and smoking’’; ‘‘dental or oral implants and tobacco’’) was performed to identify
publications providing numbers of failed implants, related to the numbers of smokers
and non-smokers for meta-analysis. Publications providing statistically examined data
of implant failures or biologic complications among smokers compared with non-
smokers were included for systematic review.

Results: Of 139 publications identified, 29 were considered for meta-analysis and 35
for systematic review. Meta-analysis revealed a significantly enhanced risk for implant
failure among smokers [implant-related odds ratio (OR) 2.25, confidence interval
(Closg,) 1.96-2.59; patient-related OR 2.64; Closq, 1.70-4.09] compared with non-
smokers, and for smokers receiving implants with accompanying augmentation
procedures (OR 3.61; Clgsq, 2.26-5.77, implant related). The systematic review
indicated significantly enhanced risks of biologic complications among smokers. Five
studies revealed no significant impact of smoking on prognosis of implants with
particle-blasted, acid-etched or anodic oxidized surfaces.

Conclusion: Smoking is a significant risk factor for dental implant therapy and
augmentation procedures accompanying implantations.
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Smoking was shown to be a primary risk
factor for general health, responsible for
many serious diseases, as for 90% of all
lung cancers, 70% of chronic lung dis-
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eases, 80% of myocardial infarctions
before the age of 50, and 30% of chronic
ischaemic heart diseases and strokes
(Fielding 1985, La Veccia et al. 1991,
Peto et al. 1996). Currently, there are an
estimated 1.3 billion smokers world-
wide, and 4.9 million people die from
tobacco smoking-related diseases per
year (WHO 2005).

Besides the prominent role of health
professionals to play in tobacco control
and smoking cessation generally, certain
aspects concerning current dental ther-
apy should be considered in smokers for
thorough patient information before oral
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surgical procedures and implant therapy
planning. The increased risk of wound
healing complications (Meechan et al.
1988, Miller 1988, Jones & Triplett
1992, Sands et al. 1993) as well as the
risk of peri-implant bone loss and
increased implant failure rates (Haas
et al. 1996, Lindquist et al. 1996, Lem-
ons et al. 1997) have to be emphasized.
Impaired wound healing has to be
expected due to less collagen production
(Jorgensen et al. 1998), reduced periph-
eral blood circulation (Lehr 2000) and
compromised function of polymorpho-
nuclear leucocytes and macrophages
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(Kenney et al. 1977, MacFarlane et al.
1992). Moreover, smoking was indi-
cated a significant subject-based risk
factor for periodontitis by recently pub-
lished literature reviews (Palmer et al.
2005, Ramseier 2005). Although not
completely investigated, the known
mechanisms of action of smoking on
periodontitis were found to be the long-
term chronic effect due to impairing the
vasculature of periodontal tissues and
affection of multiple functions of neu-
trophils and inflammatory response
as well as impairment of fibroblasts
(Palmer et al. 2005).

Therefore, identification of the smok-
ing patient is required. Patient question-
naires considering general health issues,
but also asking for smoking habits and
alcohol consumption, seem to be neces-
sary, though not generally used as a
matter of routine yet (Reichart et al.
2000).

Thorough patient information about
the planned treatment course and the
expected outcomes, but also about risks
and risk-associated factors is necessary
to support the patient’s decision
making before implant therapy (Striet-
zel 2003). Therefore, a systematic ana-
lysis of the literature focusing on
expected interactions between implant
prognosis and smoking seemed to be
necessary to provide quantitative facts
including the likelihood of smoking-
associated risks for implant prognosis
and outcomes after augmentation pro-
cedures accompanying implant surgery,
to support a risk analysis before therapy,
and to substantiate the patient informa-
tion.

This meta-analysis and systematic
review focused on the question, if there
is a significantly enhanced risk of
implant failures in smokers compared
with non-smokers. The influence of
smoking on implants inserted with
accompanying augmentation procedures
was additionally investigated.

Material and Methods
Search strategy

A systematic literature search in electro-
nic databases was conducted, using the
following search term combinations:
““/dental implants AND smoking’’,
““/dental implants AND tobacco’’,
“‘oral implants AND smoking’’ and
“‘oral implants AND tobacco’’.
Furthermore, a manual search was
applied to three German-language

peer-reviewed dental journals, focusing
on articles related to the effect of
smoking on dental implant treatment
outcomes.

Inclusion criteria

Literature search was performed to
identify meta-analyses and systematic
reviews as well as randomized-con-
trolled clinical trials, prospective or
retrospective clinical studies, cohort stu-
dies or case—control studies.

Publications were included for meta-
analysis or systematic review, if they
were published between January 1989
and December 2005 in English language
and listed in electronic databases Med-
line/Pubmed or Embase, or were pub-
lished in German language in Deutsche
Zahndrztliche  Zeitschrift ~ (January
1968-December 2005), Zeitschrift fiir
Zahndrztliche Implantologie (January
1998—-December 2005) and Implantolo-
gie (January 1996—December 2005).

Publications were included for meta-
analysis, if implant survival rates or the
number of failed implants were reported
on an implant- or patient-related basis
and the number of smoking as well as
non-smoking patients were published
and could be related to the number of
failed and remaining implants, respec-
tively.

Moreover, publications were
included for systematic review although
not meeting the inclusion criteria for
meta-analysis, if odds ratios (OR), risk
ratios (RR) or hazard ratios (HR) for
implant failures among smokers were
reported, or reports on biologic compli-
cations and findings known to influence
the success of implant-prosthetic ther-
apy in smokers compared with non-
smokers were given, and if the results
were statistically analysed considering
the effects of smoking on treatment
course or outcome.

As definition of smokers were differ-
ent in several studies regarding quanti-
ties of smoked cigarettes per day and
therefore were accordingly categorized
differently, any patient who smoked was
considered a smoker, following the defi-
nition given by Wallace (2000).

Selection of studies and data extraction

Titles and abstracts of the publications
identified by electronic databases and
handsearch using the search terms men-
tioned above were screened initially by
two independent reviewers (F. P. S. and

A. K. or M. K.). Publications were
included for full text evaluation if the
study design and content of the abstracts
met the inclusion criteria and matched
the focused question. Agreement
between the reviewers was determined
performing k-statistic. Disagreements
were resolved by evaluation of the full
texts and discussion. Final authority for
selection disagreements rested with
F. P.S.

Full text assessment and data extrac-
tion were performed by the reviewers
without any disagreements. The process
of identification of the included studies
from the initial yield is described in
Fig. 1.

A categorization considering the
duration of the observation periods
reported in the studies identified for
meta-analysis was performed addition-
ally (group 1: observation period <1
year; group 2: >1 and <5 years; group
3: >5 years).

Furthermore, studies involving
implant-prosthetic rehabilitation after
augmentation procedures to enhance
bone quantity at the implant site [sinus
floor elevation and augmentation
(SFEA) and/or lateral alveolar ridge
augmentation by guided bone regenera-
tion (GBR)] providing survival data of
implants were considered for meta-
analysis to evaluate the risk of smoking
concerning augmentation procedures.

The frequency and percentage distri-
bution of smokers and non-smokers
regarding the frequency of implant suc-
cess or failure were extracted from the
studies included for meta-analysis.
Furthermore, the distributions of male
and female patients, and of implants in
the maxilla and mandible with special
respect to the groups regarding different
observation periods were considered.

To rule out the cumulation of indivi-
dual risks, studies publishing patient-
related data were considered separately
from those reporting implant-related
data for meta-analysis.

Considering  studies  publishing
implant-related data, implants were con-
sidered failures if they failed to osseoin-
tegrate (Balshi & Wolfinger 1999,
Grunder et al. 1999, Keller et al. 1999,
Kronstrom et al. 2001, Mayfield et al.
2001, Kumar et al. 2002, van Steen-
berghe et al. 2002), were lost or
removed for any reason (Bain & Moy
1993, De Bruyn & Collaert 1994, Bain
1996, Minsk & Polson 1998, De Bruyn
et al. 1999, Jones et al. 1999, Berge &
Grgnningsaeter 2000, Lambert et al.
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Result: 138 abstracts

Handsearch

Result: 1 abstract

K score =0.712

Independent selection of abstracts:

Reviewer 1: 59 abstracts included
80 abstracts excluded

agreement with 47 included and 70 excluded abstracts

Reviewer 2: 58 abstracts included
81 abstracts excluded

Reviewer 1: 60 publications included

K score = 0.985

Full text assessment and discussion: \/

Reviewer 2: 59 publications included
79 publications excluded

agreement with 57 included and 78 excluded publications

80 publications excluded

Final decision:

29 publications included for meta-analysis
35 publications included for systematic review

Fig. 1. Search strategy and results of identification and inclusion of publications considered
for meta-analysis and systematic review. The k-score expresses the agreement between the

reviewers.

2000, Olson et al. 2000a,b, Schwartz-
Arad et al. 2000, Geurs et al. 2001,
Widmark et al. 2001, Ortorp & Jemt
2002, Penarrocha et al. 2002, Schwartz-
Arad et al. 2002, Beschnidt et al. 2003,
van Steenberghe et al. 2004, Moheng &
Feryn 2005) or exceeded more than 50%
bone loss (Bain & Moy 1993, Bain
1996) or more than 4 mm of vertical
bone defect (Berge & Grgnningsaeter
2000), if they failed one or more of the
criteria proposed by Smith & Zarb
(1989) (Kan et al. 2002), revealed mobi-
lity (without having removed implant
prostheses for individual implant mobi-
lity test), persistent pain, peri-implant
radiolucency and/or infections attributa-
ble to the implant (Gorman et al. 1994,
Wallace 2000), or if they showed biolo-
gic complications (peri-implantitis)
(Karoussis et al. 2003).

Considering publications providing
with patient-related data, the treatment
of one patient was accounted as failure
if one or more implants were considered

a failure due to the above-mentioned
criteria.

Excluded studies

Publications were excluded if they did
not meet the inclusion criteria (i.e. if
they were considered case reports, ani-
mal or in vitro experiments, educational
statements, expert opinions), if they did
not provide implant- or patient-related
data on failures or complications in
implant treatment related to the smoking
habit, or if they did not contain material
matching the focused question.
Excluded studies and the reasons for
exclusion are listed in the reference list.

Statistical analysis

A funnel plot of the log odds ratios
versus their SE was calculated to pre-
vent a selected subset of studies, which
is widely accepted to detect potential
publication bias when the actual treat-
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ment effects of an intervention or the
outcomes after exposure to certain para-
meters are homogeneous (Light &
Pillemer 1984). Assuming that the
underlying true exposure effect in each
study is the same, a general non-para-
metric fixed-effects selection model was
applied to the entire collection of the
selected studies to estimate the extent
and size of undetected reports (Hedges
1992, Blettner & Schlattmann 2005).

Furthermore, a mixed random-effects
model was applied since deviations of
the estimated effect sizes may also be
explained by a random error. Therefore,
a mixed model for calculation of hetero-
geneity was used to detect heterogeneity
between the studies selected (Blettner &
Schlattmann 2005).

For dichotomous parameters (smo-
kers and non-smokers) and outcomes
(lost implants and successful implants),
the estimate of the effect of the para-
meter smoking was expressed as odds
ratio (OR) together with the 95% con-
fidence interval (Closq,) after perform-
ing univariate analysis, utilizing the data
obtained from the studies providing with
information about failed and successful
implants related to smokers and non-
smokers. According to the patient- or
implant-related data basis, the synthe-
sized ORs were calculated separately.

As calculation of an OR is undefined
if one value of the cells of the cross table
is equal to zero, for the studies con-
cerned, 0.5 was added to the values of
all cells as suggested by Gart & Zweifel
(1967) and Fleiss (1981).

As sample sizes of the included stu-
dies were different, the weighed mean
values of the distributions of frequencies
and SD regarding smokers and non-
smokers, male and female patients and
implants in the maxilla and mandible
were calculated and compared.

Statistical calculations were per-
formed using SPSS software version
12.0 (SPSS Inc., Chicago, IL, USA)
and SAS software version 8.2 (SAS
Institute Inc., Cary, NC, USA).

Results

Of the entire yield of 139 publications
identified with electronic and hand-
search, 75 were finally excluded from
meta-analysis and systematic review
after full text assessment.

Information on failures as well as
success proportions of implants among
smokers and non-smokers on patient-
related and/or implant-related basis
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Fig. 2. (a) Funnel plot of the log OR calculated for studies providing implant-related data (n = 24). (b) Funnel plot of the log OR calculated
for studies providing patient-related data (n = 12).

were retrieved for meta-analysis from
29 included studies. Of these, 15 were
prospective studies (three reporting
patient-related data, nine reporting
implant-related data and three reporting
both patient- and implant-related data)
and 14 were retrospective studies (three
reporting patient-related data, nine
reporting implant-related data and two
reporting both patient- and implant-
related data).

Furthermore, 35 studies were
included for systematic review, report-
ing on implant failures or biologic
complications or findings known to
negatively influence the success of
implant-prosthetic therapy and compli-
cations in connection with augmentation
procedures, related to smoking habit. Of
these 35 studies, one was a randomized
controlled trial, 11 were prospective and
21 retrospective studies. Additionally,
one meta-analysis and one systematic
review were included.

The risk of implant failures in smokers
compared with non-smokers: Results
obtained from meta-analysis

First, the existence of publication bias
had to be investigated. Figure 2a and b
show the funnel plots of the ORs by the
inverse of the variances of each study
included for meta-analysis, calculated
on an implant-related as well as
patient-related basis. Assuming that
effects of smoking are homogeneous,
no asymmetry indicating missing trials
was detected. Considering the implant-

related data obtained from the studies
included for meta-analysis, the slope of
the regression line was — 0.014 (Clyse,
—0.048-0.020, p=0.412), and for
patient-related data, the slope of the
regression line was —0.084 (Clysg,
—0.529-0.361, p=0.682), revealing
no significant differences of the slope
of regression lines from zero. Therefore,
no publication bias was detected, and
the sample of the selected studies was
considered adequate for meta-analysis.
The overview of the characteristics of
studies included for meta-analysis is
given in Table 1. The weighed mean
values of frequencies’ distributions of
smokers and non-smokers, gender and
implant sites among maxilla and mand-
ible of the studies considered for meta-
analysis are shown in Tables 2—4.

Analysis of studies providing implant-
related data

Implant-related data were obtained from
18 studies. Calculations of pooled risk
by applying the fixed-effects model
without covariates on studies providing
implant-related data showed an OR of
2.25 (Clgsq, 1.96-2.59), revealing evi-
dence for a significant association
between smoking and implant failure.
The test of heterogeneity of included
studies yielded p =0.013. Because of
the heterogeneity further calculations
using the mixed model taking into
account the random effects of the stu-
dies on implant-related studies revealed
an OR of 2.38 (Clgsq, 1.93-2.93).

Considering the groups of different
mean observation periods as covariates,
the OR for implant failures in smokers
calculated from studies with a mean
observation period of up to 1 year
(n=28) was 2.83 (Clgsg, 2.08-3.85).
An OR of 2.25 (Closq 1.90-2.67) was
calculated from studies reporting data
regarding mean observation periods
between more than one up to 5 years
(n = 13). The implant-related ORs after
observation periods after up to 1 year as
well as between 1 and 5 years revealed a
significantly enhanced risk of implant
failures in smokers and did not differ
significantly (p =0.1892). The OR of
implant failures in smokers of three
studies with a mean observation period
of more than 5 years was 1.33 (Closq,
0.84-2.11), which showed no signifi-
cantly enhanced risk for implant failures
in smokers. Considering both groups of
observation periods of more than 1 year
combined, the ORs calculated with the
mixed fixed-effects model with the cov-
ariate ‘‘observation period’’ were 2.83
(Closg, 2.08-3.85) for studies with a
mean observation period up to 1 year
and 2.12 (Clgsq, 1.80-2.48) for a mean
observation period of more than 1 year,
which were not significantly different
(p =0.0939).

Two studies reporting on implants
with surfaces microstructured with acid
etching and/or particle blasting (Grun-
der et al. 1999, Kumar et al. 2002), a
summarized OR for implant failure in
smokers of 1.49 (Clgsq, 0.64-3.46) was
calculated, considering implant-related
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Schwartz-Arad et al. (2002), Wallace (2000)

S 28.9 5.20

NS 71.1

1.14

S 24.6
NS 75.4

Group 3

De Bruyn et al. (1999), Karoussis et al. (2003)

De Bruyn et al. (1999), Karoussis et al. (2003), Minsk & Polson (1998)

data and observation periods of 6 and 34
months, respectively. After second stage
surgery and prosthetic loading, no
implant failure was noted (Grunder
et al. 1999).

Table 5 shows the ORs and Clgsq, of
the studies reporting implant-related data.
Data of studies reporting on implants
inserted with accompanying augmenta-
tion procedures are not included here.

Analysis of studies providing patient-
related data

Patient-related data were obtained from
ten studies. Calculations of pooled risk
by applying the fixed-effects model
without covariates on studies providing
patient-related data showed an OR of
2.64 (Closg, 1.70-4.09). Test of hetero-
geneity of included studies yielded
p =0.07, revealing no heterogeneity of
included studies.

Table 6 shows the ORs and Clgsg, of
the studies reporting patient-related data.
Data of studies reporting on implants
inserted with accompanying augmenta-
tion procedures are not included here.

Analysis of studies considering
augmentation procedures

Considering studies providing implant-
related data for implant treatment with
accompanying augmentation procedures
as covariate, the calculation using the
mixed effects model procedure revealed
an OR of 2.15 (Clgsq, 1.86-2.49) for
implant failures in smokers without
augmentation procedures (n =18 stu-
dies), and an OR of 3.61 (Clysg, 2.26—
5.77) for implant failures in smokers
undergoing augmentation procedures
(n = 6 studies), which was significantly
different (p = 0.039).

Although in three studies at most a
tendency (Geurs et al. 2001) or no
significant associations were found
between smoking and enhanced fre-
quency of implant failures in augmented
sites (Keller et al. 1999, Olson et al.
2000a, b), three studies showed a sig-
nificantly enhanced risk of implant loss
in augmented sites in smokers, which
clearly exceeded the ORs for implant
failures calculated for smokers without
accompanying augmentation procedures
(Mayfield et al. 2001, Widmark et al.
2001, Kan et al. 2002).

Only one study provided patient-
related data allowing for calculation of
the OR for implant failures in smokers
undergoing augmentation procedures.
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Table 3. Weighed mean values (WMYV) and standard deviations (SD) of percentage distributions
of female (F) and male patients (M) considering different observation periods (group 1:
observation period <1 year; group 2:>1 and <5 years) and studies considered

Observation period WMV (%) SD (%)
Group 1 F 57.0 1.80
M 43.0
Balshi & Wolfinger (1999), De Bruyn &
Collaert (1994), Schwartz-Arad et al. (2000),
Kronstrom et al. (2001), van Steenberghe et al.
(2002), van Steenberghe et al. (2004), Widmark
et al. (2001)
Group 2 F 54.6 1.44
M 453

Bain & Moy (1993), Berge & Grgnningsaeter
(2000), Beschnidt et al. (2003), Grunder et al.
(1999), Jones et al. (1999), Kan et al. (2002),
Keller et al. (1999), Mayfield et al. (2001),
Moheng & Feryn (2005), Olson et al. (2000a),
Penarrocha et al. (2002), [28-1]Wallace (2000)

Table 4. Weighed mean values (WMYV) and standard deviations (SD) of percentage distributions
of implant sites (maxilla Mx; mandible Md) considering implant-related data and different
observation periods (group 1: observation period <1 year; group 2: >1 and <5 years; group 3:

>5 years) and studies considered

Observation period

WMV (%) SD (%)

Group 1

Group 2

Group 3

Mx 62.8
Md 37.2

1.10

Balshi & Wolfinger (1999), De Bruyn &
Collaert (1994), Kumar et al. (2002), Schwartz-
Arad et al. (2000)

Mx 51.0
Md 49.0

0.62

Bain & Moy (1993), Beschnidt et al. (2003),
Grunder et al. (1999), Jones et al. (1999),
Lambert et al. (2000), Penarrocha et al. (2002),
Wallace (2000)

Mx 72.9
Md 27.1

De Bruyn et al. (1999)

Table 7 shows ORs and Clgse, calcu-
lated from studies reporting implant- or
patient-related data, including augmen-
tation procedures.

Results obtained from the systematic
literature review

Implant failure

Five studies reporting on RR or HR for
implant failures in smokers, among
them one study reporting on HR for
implant failures among smokers after
augmentation procedures are listed in
Table 8. Apart from one study consider-
ing a 10-months observation period
(Eckert et al. 2001), for smokers, the
RR or HR for implant failures with or

without augmentation procedures were
reported significantly enhanced.

Furthermore, three studies reported
on significantly enhanced implant fail-
ure frequencies in smokers, compared
with non-smokers. In contrast, one study
(Lemmerman & Lemmerman 2005) and
one meta-analysis (Bain et al. 2002)
including implants with recently intro-
duced implant surfaces microstructured
by acid-etching, revealed no significant
influence of smoking on implant failure
frequency (Table 9).

The risk of peri-implant inflammation

Soft tissue and inflammatory peri-
implant complications associated with

current tobacco smoking were assessed
by five retrospective and two prospec-
tive studies, revealing an enhanced risk
for smokers to develop peri-implant soft
tissue complications. One prospective
study investigating the effect of smok-
ing on implants in a small cohort of
periodontally compromised patients
showed an enhanced risk of implant
failures in smokers (Leonhardt et al.
2003) (Table 10).

The risk of peri-implant bone loss

Thirteen studies focused on radio-
graphic assessment of peri-implant
bone loss. In 11 studies, a significantly
enhanced marginal bone loss was found
in smokers, compared with non-smo-
kers, including two studies investigating
the effect of smoking on marginal bone
loss around implants in patients under-
going a periodontitis or peri-implantitis
treatment.

Two studies considered implants with
microstructured surfaces conditioned by
particle blasting and/or acid-etching or
anodic oxidization. One of these studies
revealed no significant differences of
marginal bone loss around implants in
smokers compared with non-smokers
(Aalam & Nowzari 2005). In another
study significantly more bone loss was
found at implants in smokers with peri-
apical radiographs, which was not repro-
ducible in panoramic radiograph
assessment, however (Penarrocha et al.
2004) (Table 11).

Smoking as a risk factor for
augmentation procedures

Four retrospective studies considered
the impact of smoking on the course
and outcome of horizontal and/or verti-
cal augmentation procedures, SFEA and
GBR for the treatment of alveolar ridge
defects before or simultaneously with
implantation. Although the augmenta-
tion methods and materials as well as
barrier materials used were different,
three studies reported significantly
more failures and complications in smo-
kers, compared with non-smokers. The
defect filling in smokers was found less
compared with non-smokers but showed
no significant difference, however
(Table 12).

In a systematic review smoking was
confirmed as a significant risk factor for
implant failure in connection with SFEA
procedures (0.03<p<0.05) (Strietzel
2004).

© 2007 The Authors. Journal compilation © 2007 Blackwell Munksgaard
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Table 5. Odds ratios (OR) and confidence intervals (Clgsq,) calculated from studies reporting implant-related data without consideration of

augmentation procedures

OR CI()S% P

Mean observation period <1 year
Bain (1996) 3.93 1.50-10.34 0.007 —
De Bruyn & Collaert (1994) 5.46 1.35-21.31 0.014 —_—

Maxilla 5.36 1.57-19.02 0.007 —

Mandible 1.57* 0.16-15.27 0.541 4
Gorman et al. (1994) 2.03 1.32-3.11 0.001 ——
Kumar et al. (2002 1.84 0.77-4.38 0.164 —
Schwartz-Arad et al. (2000) 1.80 0.17-18.64 0.511 4
van Steenberghe et al. (2002) 3.10 1.33-7.20 0.013 ——
Widmark et al. (2001) entire sample 5.30 2.53-11.12 0.0001 ——
Non-grafted sites (maxilla) 2.01 0.65-6.18 0.169 ——
Mean observation period >1 and <5 years
Bain & Moy (1993) 2.54 1.74-3.72 0.0001 ——
Berge & Grgnningsaeter (2000) 3.60 1.39-9.33 0.005 —
Beschnidt et al. (2003) 1.18* 0.36-3.87 0.789 —
Grunder et al. (1999) 0.42* 0.05-3.41 0.357 ¢
Jones et al. (1999) 4.06 1.38-11.96 0.007 —
Lambert et al. (2000) 1.53 1.14-2.05 0.004 4
Schwartz-Arad et al. (2002) 2.66 2.66-3.48 0.0001 4
Wallace (2000) 2.68 1.04-6.91 0.037 —
Mean observation period >5 years
De Bruyn et al. (1999) (maxilla) 0.64 0.19-2.08 0.327 —
Karoussis et al. (2003) 2.08 0.33-13.12 0.367 \ 4
Minsk & Polson (1998) entire sample 1.46 0.90-2.36 0.079 ——
HRT 8.81 1.61-48.14 0.009 4
Non-HRT 0.70 0.28-1.79 0.518 —

0.1 1 10 100

*Calculated following the suggestion by Gart & Zweifel (1967) and Fleiss (1981).
"Female patients above the age of 50 years, divided into two groups: patients receiving postmenopausal hormone replacement therapy (HRT) and

patients non-receiving HRT (non-HRT).

Table 6. Odds ratios (OR) and confidence intervals (Clysq,) calculated from studies reporting patient-related data without augmentation procedures

OR C195% P
Mean observation period <1 year
Balshi & Wolfinger (1999) 5.40 0.29-101.3 0.326 \ 4
De Bruyn & Collaert (1994) 6.89 1.54-31.57 0.013 B A—
Maxilla 9.77 1.67-57.29 0.011 L4
Mandible 1.44* 0.14-14.59 0.574 ¢
Gorman et al. (1994) 2.92 1.46-5.86 0.002 ——
Kronstrom et al. (2001) 3.58 0.89-14.39 0.057 —_——
van Steenberghe et al. (2004) 1.27 0.20-7.97 0.567 \ 4
Mean observation period >1 and <5 years
Jones et al. (1999) 12.2 2.24-66.88 0.002 ¢
Moheng & Feryn (2005) 9.09 1.79-46.18 0.012 A4
Ortorp & Jemt (2002) 4.73 1.50-14.90 0.007 —_—
Penarrocha et al. (2002) 1.82 0.63-5.25 0.203 — %
Mean observation period >5 years
De Bruyn et al. (1999) (maxilla) 0.29 0.04-1.94 0.195 ——

0.1

1 10 100

*Calculated following the suggestion by Gart & Zweifel (1967) and Fleiss (1981).

Discussion

Methods of evidence-based dentistry
have been introduced for optimization
of decision making processes in dental
diagnostics and treatment, and for a
comprehensive patient information in

preparation of diagnostic and therapeu-
tic interventions, particularly before
elective treatment. Therefore, patient’s
decision making before implant—pros-
thetic rehabilitation should be supported
by information about risks and risk-
associated factors.

© 2007 The Authors. Journal compilation © 2007 Blackwell Munksgaard

This meta-analysis and systematic
review were performed to provide a
summary of cumulative information
on smoking-associated risks for implant
prognosis and outcomes after augmenta-
tion procedures. Moreover, smoking
reduction advice, given in conjunction
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Table 7. Odds ratios (OR) and confidence intervals (Clgsq,) calculated from studies reporting implant- or patient-related data, including

augmentation procedures

OR Clos 14
Implant-related data
Mean observation period <1 year
Widmark et al. (2001) grafted sites™ 20.0 6.33-63.20 0.0001 —_——
Mean observation period >1 and <5 years
Geurs et al. (2001)* 2.60 0.99-6.83  0.051 —
Kan et al. (2002)* 276 1.16-6.62  0.02 ——
Keller et al. (1999)* 2.03 0.59-7.03 0.210 —_—
Mayfield et al. (2001)*" 612" 7.39-506.0 0.0001 4
Olson et al. (2000a)* 945" 1.14-78.11 0.014 A4
Patient-related data
Mean observation period >1 and <5 years
Mayfield et al. (2001)*" 417 3.56-486.9 0.001 £
0.1 1 10 100

*SFEA.
"Lateral alveolar ridge augmentation/GBR).
*Calculated following the suggestion by Gart &

with dental health information may
have a marked effect on smokers’
attitude to their habit and provide
sufficient incentive to cut down or
even stop smoking as well (Macgregor
1996).

Although tobacco smoking is widely
accepted as a risk factor for oral health
generally (Sham et al. 2003), smoking
was considered a risk factor for implant
treatment since first publication on this
issue by Bain & Moy (1993). Never-
theless, the impact of consideration of
the patient’s status as a smoker or non-
smoker in implant treatment planning
seems not to be controversial but indis-
tinct. A national questionnaire to NHS-
consultants to evaluate their attitudes
concerning relevant medical and oral
factors considered in patient selection
for dental implant treatment in 1999
revealed, that — among others — smoking
was one of the most important medical
factors contra-indicating implant treat-
ment (Butterworth et al. 2001).

A survey among Finnish dentists
evaluating the association of various
patient characteristics or possible con-
tra-indications for dental implant treat-
ment revealed, that significantly more
dentists working in the public or private
sector recommended implant therapy
compared with staff of dental schools
in case of smoking patients (p = 0.002).
Older dentists (4049 years) were found
more in favour for implant therapy in
smokers than were younger dentists
(30-39 years) (Heinikainen et al.
2002). Estimating smoking as a risk
factor for treatment decisions therefore
might differ among dentists. This
impression seems to be confirmed by

Zweifel (1967) and Fleiss (1981).

different attempts made to quantify the
amount of smoked cigarettes per day:
some studies included for meta-analysis
and systematic review considered a
patient a smoker regardless quantity of
smoked cigarettes per day or quality of
tobacco smoking (Bain & Moy 1993, De
Bruyn & Collaert 1994, De Bruyn et al.
1999, Jones et al. 1999, Geurs et al.
2001). In other studies light and heavy
smokers were distincted by quantifica-
tion: patients smoking up to 10 cigar-
ettes per day (Schwartz-Arad et al.
2002) or less than 20 cigarettes per
day (Gruica et al. 2004) were considered
light smokers, whereas patients smoking
10 (Schwartz-Arad et al. 2002) or 20
cigarettes per day or more (Gruica et al.
2004) were considered heavy smokers.
As quantification of smoking was dif-
ferent considering the included studies,
in this meta-analysis and systematic
review, any patient who smoked was
considered a smoker according to Wal-
lace (2000). In all included studies,
patient questionnaires were used to
detect the smoking status. The relatively
high reliability of patient self-reports of
smoking habits were shown in several
studies (Fox et al. 1989, O’Loughlin
et al. 2002).

Treatment outcome evaluation criter-
ia were different in several included
studies. Besides calculation of differ-
ences between cumulative success rates
or implant failure frequency between
smokers and non-smokers, frequencies
of implant failures or biologic compli-
cations were recorded. The risk of
occurrence of implant failures for smok-
ing patients was expressed as OR, cal-
culated from studies included into meta-

analysis by the fixed-effects model as
well as the random-effects model, and
calculated for single studies on basis of
univariate analysis.

Our meta-analysis revealed a signifi-
cantly enhanced risk for implant failure
among smokers compared with non-
smokers, expressed by synthesized
ORs of 2.4 considering all included
studies providing implant-related data,
or 2.6 considering all included studies
providing patient-related data. Compar-
ing the implant-related ORs for implant
failure in smokers considering different
observation periods, the risk of implant
failure for smokers ranged from 2.8 after
up to 1 year decreasing to about 2.3 up
to 5 years, indicating a higher risk of
early implant failure. Nevertheless, the
risk of implant failures among smokers
was found significantly enhanced even
after 5 years considering the findings of
the systematic review. Here, the effects
of smoking on the enhanced frequency
of peri-implant soft tissue complica-
tions, limited peri-implantitis treatment
outcomes and enhanced peri-implant
bone loss, known as factors limiting
the long-term implant prognosis were
emphasized.

In an earlier literature review on
studies reporting on threaded implants
with a machined surface (Branemark
type fixtures) predominantly, consensus
had been reached that smoking
has a negative influence on implant
survival (Esposito et al. 1998). Findings
of our meta-analysis and systematic
review were obtained from studies
involving threaded titanium implants
with machined, TPS- or HA-coated
surfaces predominantly, whereas

© 2007 The Authors. Journal compilation © 2007 Blackwell Munksgaard
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Branemark fixtures or related implant types.

Brénemark Mark-II wide platform and wide diameter implants were used exclusively.

I Univariate analysis.
HR, hazard ratio; RR ,risk ratio; expressing the risk of implant failures among smokers, compared with non-smokers.

studies  including implants  with
microstructured surfaces recently intro-
duced (acid etched and/or particle
blasted) meeting the inclusion criteria
for this meta-analysis were rarely
published.

One study on wide diameter-threaded
machined titanium implants revealed a
non-significant HR of 2.4 for implant
failure in smokers after a 10-months
observation period (Eckert et al. 2001).
Apart from three more studies included
into systematic review indicating a sig-
nificantly enhanced risk of implant fail-
ure for smokers (Wilson & Nunn 1999,
Kourtis et al. 2004, Ortorp & Jemt
2004), four studies (Grunder et al.
1999, Kumar et al. 2002, Aalam &
Nowzari 2005, Lemmerman & Lem-
merman 2005) and one systematic
review (Bain et al. 2002) on implants
with acid-etched, particle-blasted or
anodic oxidized surfaces, revealed no
associations between implant failures
and smoking nor significant differences
of implant failure frequencies among
smokers and non-smokers, respectively.
Furthermore, a comparison between
threaded implants with machined and
anodic-oxidized surfaces showed no sig-
nificant influence of smoking on implant
failures for implants with an anodic-
oxidized surface (Rocci et al. 2003).
Although smoking was shown to be a
significant risk factor within the limits
of this meta-analysis and systematic
review referring to studies reporting on
implants with machined or TPS-
or HA-coated surfaces predominantly,
future studies focusing on implant sur-
face condition using acid etching
and/or particle blasting should be ana-
lysed regarding influence of tobacco
smoking on early as well as long-
term outcomes to allow for a more
substantiated statement concerning this
issue.

Our findings considering the implant-
related OR for implant failures in smo-
kers were similar to those published by
Hinode et al. (2006), who performed a
meta-analysis on the influence of smok-
ing on osseointegrated implants, based
on implant-related data. As earlier
investigations revealed a within-patient
dependence of implant success rates
(Herrmann et al. 1999, 2003), patient-
related ORs were calculated separately
to exclude cumulative effects of indivi-
dual risk factors. Compared with 18
studies providing implant-related data,
only five prospective and five retrospec-
tive studies reported patient-related data
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Smoking interferes with the prognosis of dental implant treatment
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a 5-years observation period in

smokers compared with non-smokers

<0.05

Stepwise backward regression analysis

Significant greater bone loss in
smoking patients compared

with non-smokers

47 patients (15 smokers,
32 non-smokers)

5 years

Prospective

Particle-blasted,

Wennstrom et al. (2004b)

threaded titanium implants

without consideration of accompanying
augmentation procedures and were
included into meta-analysis. The
patient-related OR for implant failures
among smokers was calculated 2.6 and
was found significantly enhanced,
although three studies (De Bruyn et al.
1999, Penarrocha et al. 2002, van Steen-
berghe et al. 2004) revealed no signifi-
cantly enhanced ORs, and one study
(Kronstrom et al. 2001) revealed a ten-
dency of an enhanced OR for implant
failure. Nevertheless, this implicates,
that even considering patient-related
data, the risk of implant failures for
smokers should be considered critically
in patient information.

Besides univariate analysis and con-
sideration of implant failures in smokers
in the meta-analysis, peri-implant para-
meters as there are peri-implant mucosal
status or peri-implant bone level known
to be associated with the implant prog-
nosis (Misch 1993, Buser et al. 1997,
Roos et al. 1997, Sennerby & Roos
1998, Schubert et al. 2001, Cochran et
al. 2002) were included into the sys-
tematic review concerning associations
with patients’ tobacco smoking status.
The systematic review identified studies
investigating on peri-implant soft tissues
and the quality and components of the
peri-implant crevicular fluid, revealing a
significantly enhanced risk for peri-
implant inflammatory complications in
in periodontally compromised smokers
(Table 10). Although these studies
focused on single aspects and therefore
the supposed complex mechanisms of
smoking side effects on the peri-implant
soft tissues might not be completely
discovered, an enhanced risk for inflam-
matory  peri-implant  complications
might be expected — among others —
due to tobacco smoking-associated
vasoconstrictive effects at the end-arter-
ial gingival vessels (Sham et al. 2003)
and the significant decrease of neutro-
phil elastase activity in smokers, which
might result in a reduced inflammatory
reaction in smokers (Ataoglu et al.
2002). These effects seem to blur the
inflammatory  peri-implant  reaction,
whereas certain biomarkers for early
peri-implant bone loss, as there
are pyridinoline (Oates et al. 2004) or
f-glucuronidase levels (Schubert et al.
2001) were found  significantly
enhanced in peri-implantitis. Therefore,
a regular and strict recall of smokers
undergoing implant treatment is neces-
sary for early detection of implant com-
plications.
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£e58s S288F5£° A augmentation  using  deproteinized

bovine bone mineral for defect filling
and a porcine collagen membrane for
GBR revealed a reduced defect filling in
smokers, which was not significantly
different from non-smokers (Zitzmann
et al. 1999). Whether the use of collagen
membranes significantly minimizes the
risk of negative treatment outcomes for
GBR in smokers, was not confirmed due
to insufficient number of available stu-
dies and data, respectively.

Reviews identified within this litera-
ture search confirmed, that smoking is
one of the factors related to implant
failure by reporting conclusions of sev-

Augmentation procedure
ridge augmentation before implantation

no barrier membranes
Augmentation of horizontal defects
(1-, 2-, 3-wall defects) around

Bone substitution materials with or
implants, using

Autogenous bone block grafts for
without autogenous bone

horizontal and/or vertical
GBR with non-resorbable barrier

Autogenous onlay bone grafts
(OBG)*, sinus floor elevation
and augmentation (SFEA)**
membranes (expanded
polytetrafluoro-ethylene) for
horizontal alveolar ridge
deproteinized bovine bone
mineral and a porcine collagen
barrier membrane for GBR

defect augmentation

Table 12. Characteristics of studies reporting on outcomes of augmentation procedures and GBR before or simultaneously with implantation in smokers compared with non-smokers, included into the

ES g = eral studies showing that smoking is
é g s s _ associated with higher failure rates,
2 = i § Q - § complications and altered peri-implant
g . 2 £Q Tﬁ é ) tissue conditions (Esposito et al. 1998,
g1 g2 23 2 §3 Sennerby & Roos 1998, Sham et al.
2lal 3 @B & NIt 2003, Wood & Vermilyea 2004). An
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earlier review revealed a significant
association between smoking and mar-
ginal bone loss, biologic complications,
reduced survival rate of implants
(0.001 <p<0.05) and the outcome of
onlay bone grafts (p <0.05) as well, but
no significant correlation was found
between complications after SFEA and
smoking (Levin & Schwartz-Arad
2005).

Besides the general suggestion to stop
smoking regarding a protocol suggested
(Bain 1996) or to quit smoking conse-
quently, the peri-operative use of anti-
biotics (Gorman et al. 1994) as well as
additional local risk factors as for exam-
ple the use of flat instead of high cover
screws should be considered in smokers
to prevent postoperative and soft tissue
complications (Schwartz-Arad et al.
2002).

Moreover, individual peculiarities of
the patients’ medical history might be
supposed to confound or even enhance
the risk of implant failures attributable
to smoking. Three studies were included
into meta-analysis, although confound-
ing parameters might be expected due to
selected patient cohorts. Although Bal-
shi & Wolfinger (1999) did not find a
significant influence of smoking on
osseointegration in a population of dia-
betic patients undergoing metabolic
control, a rate of 5.7% of non-osseointe-
grated implants at time of second stage
surgery might indicate diabetes mellitus
as a risk factor for osseointegration. In
postmenopausal women undergoing
hormone replacement therapy (HRT) to
prevent osteoporosis (Minsk & Polson
1998), a significant influence of smok-
ing on the frequency of implant loss
was found in contrast to patients not
receiving HRT as well as in the
entire cohort. Thus, a detrimental inter-
action between HRT and smoking was
concluded. Besides smoking, hypothyr-
eoidism was supposed to interfere with
bone physiology even if correctly medi-
cally managed. Attard & Zarb (2002)
found no significant differences in
osseointegration between hypothyroid
patients and a matched healthy control
group, but hypothyroid patients showed
significantly more soft tissue complica-
tions during the  postoperative
course and significantly more marginal
bone loss compared with the control
group.

Therefore, medical risk factors
should be considered critically in con-
text with a smoking history in decision
making before implant therapy.

Smoking interferes with the prognosis of dental implant treatment

In conclusion, smoking was identified
a significant risk factor for dental
implant therapy. This should be
addressed thoroughly in patient infor-
mation before implant treatment.

A strict recall regime throughout the
whole treatment course to early detect
negative changes of peri-implant tissues
or implant failure is necessary. This
requires identification of smokers at all.

As augmentation procedures com-
prise enhanced potential risks of com-
plications generally, smoking should be
considered an additional risk and there-
fore indication should be considered
cautiously and critically, evaluated in
context with additional risk factors
revealed by medical history.

A limited number of studies available
on implants with sand-blasted, large
grit, acid-etched and/or acid-etched or
anodic-oxidized surfaces did not show
significant associations between smok-
ing and implant failure and marginal
bone loss. Whether these implant sur-
faces indeed significantly improve out-
comes in smokers, has to be confirmed
including more studies providing data
on implant failure in relation to smokers
and non-smokers and by larger sample
sizes as well.
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Clinical Relevance

Scientific rationale for the study: A
meta-analysis and systematic litera-
ture review focusing on interactions
between implant success and smok-
ing including the likelihood of smok-
ing-associated risks for outcomes
after  augmentation  procedures
accompanying implant surgery were
performed to support patient infor-
mation and decision making before
implant therapy.

Principal findings: The risk of
implant failures and biologic compli-
cations with and without accompany-
ing augmentation procedures was
found significantly enhanced in smo-
kers compared with non-smokers.
Five of six studies on implants with
particle-blasted, acid-etched or ano-
dic-oxidized surfaces revealed no
enhanced risk for implant failures in
smokers.

Practical implications: Smoking is a
significant risk factor for dental
implant therapy and augmentation
procedures. This should be addressed
in patient information before implant
treatment. A regular recall of smo-
kers undergoing implant treatment is
necessary for early detection of
implant complications. Therefore,
identification of smokers is required.
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