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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 nonsmokers 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
(CI95%) 1.96–2.59; patient-related OR 2.64; CI95% 1.70–4.09] compared with nonsmokers, and for smokers receiving implants with accompanying augmentation
procedures (OR 3.61; CI95% 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.

Smoking was shown to be a primary risk
factor for general health, responsible for
many serious diseases, as for 90% of all
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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 worldwide, 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 therapy 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, Lemons et al. 1997) have to be emphasized.
Impaired wound healing has to be
expected due to less collagen production
(Jorgensen et al. 1998), reduced peripheral blood circulation (Lehr 2000) and
compromised function of polymorphonuclear leucocytes and macrophages
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(Kenney et al. 1977, MacFarlane et al.
1992). Moreover, smoking was indicated a significant subject-based risk
factor for periodontitis by recently published 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 longterm chronic effect due to impairing the
vasculature of periodontal tissues and
affection of multiple functions of neutrophils and inflammatory response
as well as impairment of fibroblasts
(Palmer et al. 2005).
Therefore, identification of the smoking patient is required. Patient questionnaires considering general health issues,
but also asking for smoking habits and
alcohol consumption, seem to be necessary, 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 (Strietzel 2003). Therefore, a systematic analysis of the literature focusing on
expected interactions between implant
prognosis and smoking seemed to be
necessary to provide quantitative facts
including the likelihood of smokingassociated risks for implant prognosis
and outcomes after augmentation procedures accompanying implant surgery,
to support a risk analysis before therapy,
and to substantiate the patient information.
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 electronic 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-controlled clinical trials, prospective or
retrospective clinical studies, cohort studies or case–control studies.
Publications were included for metaanalysis or systematic review, if they
were published between January 1989
and December 2005 in English language
and listed in electronic databases Medline/Pubmed or Embase, or were published in German language in Deutsche
Zahnärztliche
Zeitschrift
(January
1968–December 2005), Zeitschrift für
Zahnärztliche Implantologie (January
1998–December 2005) and Implantologie (January 1996–December 2005).
Publications were included for metaanalysis, 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, respectively.
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 complications and findings known to influence
the success of implant-prosthetic therapy in smokers compared with nonsmokers were given, and if the results
were statistically analysed considering
the effects of smoking on treatment
course or outcome.
As definition of smokers were different in several studies regarding quantities of smoked cigarettes per day and
therefore were accordingly categorized
differently, any patient who smoked was
considered a smoker, following the definition 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 mentioned 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 extraction 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 additionally (group 1: observation period 41
year; group 2: 41 and 45 years; group
3: 45 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 regeneration (GBR)] providing survival data of
implants were considered for metaanalysis to evaluate the risk of smoking
concerning augmentation procedures.
The frequency and percentage distribution of smokers and non-smokers
regarding the frequency of implant success 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 individual risks, studies publishing patientrelated data were considered separately
from those reporting implant-related
data for meta-analysis.
Considering
studies
publishing
implant-related data, implants were considered failures if they failed to osseointegrate (Balshi & Wolfinger 1999,
Grunder et al. 1999, Keller et al. 1999,
Kronström et al. 2001, Mayfield et al.
2001, Kumar et al. 2002, van Steenberghe 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 &
Grønningsaeter 2000, Lambert et al.
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Search with
electronic databases

Handsearch

Result: 138 abstracts

Result: 1 abstract

Independent selection of abstracts:
Reviewer 1: 59 abstracts included
80 abstracts excluded

Reviewer 2: 58 abstracts included
81 abstracts excluded

agreement with 47 included and 70 excluded abstracts
κ score = 0.712

Full text assessment and discussion:
Reviewer 1: 60 publications included
79 publications excluded

Reviewer 2: 59 publications included
80 publications excluded

agreement with 57 included and 78 excluded publications
κ score = 0.985

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, SchwartzArad et al. 2000, Geurs et al. 2001,
Widmark et al. 2001, Örtorp & Jemt
2002, Penarrocha et al. 2002, SchwartzArad 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 & Grønningsaeter
2000), if they failed one or more of the
criteria proposed by Smith & Zarb
(1989) (Kan et al. 2002), revealed mobility (without having removed implant
prostheses for individual implant mobility test), persistent pain, peri-implant
radiolucency and/or infections attributable to the implant (Gorman et al. 1994,
Wallace 2000), or if they showed biologic 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, animal 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 prevent 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 parameters are homogeneous (Light &
Pillemer 1984). Assuming that the
underlying true exposure effect in each
study is the same, a general non-parametric 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 heterogeneity was used to detect heterogeneity
between the studies selected (Blettner &
Schlattmann 2005).
For dichotomous parameters (smokers and non-smokers) and outcomes
(lost implants and successful implants),
the estimate of the effect of the parameter smoking was expressed as odds
ratio (OR) together with the 95% confidence interval (CI95%) after performing univariate analysis, utilizing the data
obtained from the studies providing with
information about failed and successful
implants related to smokers and nonsmokers. According to the patient- or
implant-related data basis, the synthesized 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 concerned, 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 studies were different, the weighed mean
values of the distributions of frequencies
and SD regarding smokers and nonsmokers, male and female patients and
implants in the maxilla and mandible
were calculated and compared.
Statistical calculations were performed 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 handsearch, 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 patientrelated 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 5 24). (b) Funnel plot of the log OR calculated
for studies providing patient-related data (n 5 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 implantrelated data).
Furthermore, 35 studies were
included for systematic review, reporting on implant failures or biologic
complications or findings known to
negatively influence the success of
implant-prosthetic therapy and complications 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 (CI95%
! 0.048–0.020, p 5 0.412), and for
patient-related data, the slope of the
regression line was ! 0.084 (CI95%
! 0.529–0.361, p 5 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 mandible of the studies considered for metaanalysis are shown in Tables 2–4.

Analysis of studies providing implantrelated 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 (CI95% 1.96–2.59), revealing evidence for a significant association
between smoking and implant failure.
The test of heterogeneity of included
studies yielded p 5 0.013. Because of
the heterogeneity further calculations
using the mixed model taking into
account the random effects of the studies on implant-related studies revealed
an OR of 2.38 (CI95% 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 5 8) was 2.83 (CI95% 2.08–3.85).
An OR of 2.25 (CI95% 1.90–2.67) was
calculated from studies reporting data
regarding mean observation periods
between more than one up to 5 years
(n 5 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 5 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 (CI95%
0.84–2.11), which showed no significantly 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 covariate ‘‘observation period’’ were 2.83
(CI95% 2.08–3.85) for studies with a
mean observation period up to 1 year
and 2.12 (CI95% 1.80–2.48) for a mean
observation period of more than 1 year,
which were not significantly different
(p 5 0.0939).
Two studies reporting on implants
with surfaces microstructured with acid
etching and/or particle blasting (Grunder et al. 1999, Kumar et al. 2002), a
summarized OR for implant failure in
smokers of 1.49 (CI95% 0.64–3.46) was
calculated, considering implant-related
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Implant characteristics

Machined titanium, threaded
Large-grit blasted and
acid-etched, threaded
Machined titanium, threaded and
HA-coated, threaded and cylindric
Machined titanium, threadedn

Machined titanium, threadedn

Kronström et al. (2001)
Kumar et al. (2002)

van Steenberghe et al. (2002)

van Steenberghe et al. (2004)
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Machined titanium, threaded

Not reported
Acid-etched titanium, threaded

Cylindrical HA- or TPS-coated implants

HA-coated threaded and non-threaded, titanium

Beschnidt et al. (2003)

Geurs et al. (2001)
Grunder et al. (1999)

Jones et al. (1999)

Kan et al. (2002)

Machined titanium, threaded

Ceramic implants, threaded

Berge & Grønningsaeter (2000)

Keller et al. (1999)

Machined titanium, threadedn

Group 2: mean observation
period 41 and 45 years
Bain & Moy (1993)

n

n

Machined titanium, threaded

n

Widmark et al. (2001)

Schwartz-Arad et al. (2000)

Not reported

Gorman et al. (1994)

Retrospect. maxilla, SFEA

Retrospect.maxilla, SFEA

Prospect.

Retrospect. maxilla, SFEA
Prospect.

Prospect.

Prospect.

Prospect.

Prospect. immediate loading
(Bråne-mark novum), mandible
Prospect. maxilla, SFEA grafted
sites non-grafted

Prospect.

Retrospect.

Retrospect.
Prospect.

Retrospect.

Retrospect.
maxilla
mandible

Machined titanium, threadedn

De Bruyn & Collaert (1994)

n

Retrospect.

Machined titanium, threaded

Balshi & Wolfinger (1999)

Prospect.

Study design

n

Group 1: mean observation period period 41 year
Bain (1996)
Machined titanium, threadedn

Study

Table 1. Characteristics of studies included for meta-analysis

13

115
12 P
58

55
55

47

40

346

41
6
35

11 P

148

5

604
64 P
3P
261

71
11 P
36
10 P

1P

38

Impl. successful

Smokers

4

11
7P
12

7
0

4

21

44

26
17
9

2P

8

1

42
18 P
9P
8

7
5P
0
0P

1P

9

Failure

106

212
42 P
147

266
161

152

48

1718

117
70
47

28 P

1088

45

1373
208 P
37 P
899

163
43 P
171
45 P

27 P

166

Impl. successful

16

5
2P
11

13
3

11

7

86

14
8
6

4P

19

5

47
20 P
31 P
15

3
2P
1
1P

5P

10

Failure

Non-smokers

2194 implants
540 patients
116 implants
30 patients
214 implants
76 patients
341 implants
219 implants
74 patients
343 implants
63 patients
228 implants
60 patients

2066 implants
310 patients
80 patients
1183 implants
461 patients
56 implantsz
43 patients
1263 implants
399 patients
150 implants
45 patients
198 implants
43 patients
101 implants
97 implants

223 implants
78 patients
227 implants
34 patientsw
244 implants
61 patients
208 implants
56 patients

Sample sizes
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Microtexture and HA-coated, threaded

TPS-coated hollow screws

Not reported

Group 3: mean observation
period 45 years
De Bruyn et al. (1999)

Karoussis et al. (2003)

Minsk & Polson (1998)

Retrospect.
HRTz
non-HRTz

Prospect.

Prospect. maxilla

Retrospect.

Retrospect.

269
16
98

24
8P
26

60

175

27 P

33 P

Prospect.

874
6
1P
11 P
48

Retrospect.

Smokers
Impl. successful

Retrospect. maxilla, SFEA

Prospect.

Retrospect.
Prospect. SFEA, GBR

Study design

26
6
6

6
2P
2

908
47
253

23
7P
81

107

402

205§
12

70 P

78 P

65

1813
26
12 P
75 P

Impl. successful

7P

10 P

3

85
7
2P
4P

Failure

60
2
22

9
6P
3

8

177§

10 P

5P

0

115
0
0P
3P

Failure

Non-smokers

z

w

Brånemark fixtures or related implant types.
All patients suffered from diabetes mellitus.
Immediate implants.
§
Biologic complications considered failure (spontaneous implant exposure, requiring or not requiring surgical intervention or complete implant failure).
z
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).
P, patient-related data; HA-coated, hydroxyapatite-coated; TPS-coated, titanium plasma spray-coated; Prospect., prospective studies; Retrospect., retrospective studies.
SFEA implants inserted in conjunction with sinus floor elevation and augmentation.
GBR implants inserted in conjunction with bone defect augmentation by guided bone regeneration.

n

Machined titanium, threadedn

Not reported

Schwartz-Arad et al. (2002)

Wallace (2000)

TPS-coated, threaded

Not reported
TPS-coated and machined titanium,
threaded and cylindric
Cylindrical TPS coated, and particle-blasted
threaded implants
HA-coated and non-coated titanium,
threaded and cylindric
Machined titanium, threadedn

Implant characteristics

Penarrocha et al. (2002)

Örtorp & Jemt (2002)

Olson et al. (2000a)

Moheng & Feryn (2005)

Lambert et al. (2000)
Mayfield et al. (2001)

Study

Table 1. (Contd.)

62 implants
23 patients
112 implants
53 patients
1263 implants
116 patientsz
71 HRT
379 non-HRT

116 implants
36 patients
729 implants
126 patients
441 implants
114 patients
959 implants
261 patients
187 implants
56 patients

139 implants
37 patients
2887 implants
39 implants
15 patients
93 patients

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

5.20
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De Bruyn et al. (1999), Karoussis et al. (2003), Minsk & Polson (1998)

S 24.6
NS 75.4
Group 3

Bain & Moy (1993), Beschnidt et al. (2003), Geurs et al. (2001),
Grunder et al. (1999), Jones et al. (1999), Kan et al. (2002),
Keller et al. (1999), Lambert et al. (2000), Mayfield et al. (2001),
Olson et al. (2000a), Schwartz-Arad et al. (2002), Wallace (2000)

1.14

S 28.9
NS 71.1

Berge & Grønningsaeter (2000),
Grunder et al. (1999), Jones et al. (1999),
Mayfield et al. (2001), Moheng & Feryn (2005),
Örtorp & Jemt (2002), Penarrocha et al. (2002),
Schwartz-Arad et al. (2002), Wallace (2000)

S 30.4
NS 69.3
S 28.3
NS 71.4
Group 2

Bain (1996), De Bruyn & Collaert (1994),
Gorman et al. (1994), Kumar et al. (2002),
Schwartz-Arad et al. (2000), van Steenberghe et al. (2002),
Widmark et al. (2001)

0.51

Balshi & Wolfinger (1999),
De Bruyn & Collaert (1994),
Gorman et al. (1994), Kronström et al. (2001),
Kumar et al. (2002), van Steenberghe et al. (2004),
Widmark et al. (2001)

1.60

1.22
S 20.1
NS 79.9
Group 1

S 24.0
NS 76.0

0.58

SD (%)
WMV (%)
SD (%)
WMV (%)

Patient-related
Implant-related
Observation period

Table 2. Weighed mean values (WMV) and standard deviations (SD) of percentage distributions of smokers (S) and non-smokers (NS) considering different observation periods (group 1: observation
period 41 year; group 2:41 and 45 years; group 3: 45 years) and studies considered
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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 CI95% of
the studies reporting implant-related data.
Data of studies reporting on implants
inserted with accompanying augmentation procedures are not included here.

Analysis of studies providing patientrelated 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 (CI95% 1.70–4.09). Test of heterogeneity of included studies yielded
p 5 0.07, revealing no heterogeneity of
included studies.
Table 6 shows the ORs and CI95% of
the studies reporting patient-related data.
Data of studies reporting on implants
inserted with accompanying augmentation procedures are not included here.

Analysis of studies considering
augmentation procedures
Considering studies providing implantrelated data for implant treatment with
accompanying augmentation procedures
as covariate, the calculation using the
mixed effects model procedure revealed
an OR of 2.15 (CI95% 1.86–2.49) for
implant failures in smokers without
augmentation procedures (n 5 18 studies), and an OR of 3.61 (CI95% 2.26–
5.77) for implant failures in smokers
undergoing augmentation procedures
(n 5 6 studies), which was significantly
different (p 5 0.039).
Although in three studies at most a
tendency (Geurs et al. 2001) or no
significant associations were found
between smoking and enhanced frequency of implant failures in augmented
sites (Keller et al. 1999, Olson et al.
2000a, b), three studies showed a significantly 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 patientrelated data allowing for calculation of
the OR for implant failures in smokers
undergoing augmentation procedures.
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Table 3. Weighed mean values (WMV) and standard deviations (SD) of percentage distributions
of female (F) and male patients (M) considering different observation periods (group 1:
observation period 41 year; group 2:41 and 45 years) and studies considered
Observation period
Group 1

WMV (%)

SD (%)

F 57.0
M 43.0

1.80

Balshi & Wolfinger (1999), De Bruyn &
Collaert (1994), Schwartz-Arad et al. (2000),
Kronström et al. (2001), van Steenberghe et al.
(2002), van Steenberghe et al. (2004), Widmark
et al. (2001)
Group 2

F 54.6
M 45.3

1.44

Bain & Moy (1993), Berge & Grønningsaeter
(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 (WMV) 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 41 year; group 2: 41 and 45 years; group 3:
45 years) and studies considered
Observation period
Group 1

WMV (%)

SD (%)

Mx 62.8
Md 37.2

1.10

Balshi & Wolfinger (1999), De Bruyn &
Collaert (1994), Kumar et al. (2002), SchwartzArad et al. (2000)
Group 2

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)
Group 3

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 considering a 10-months observation period
(Eckert et al. 2001), for smokers, the
RR or HR for implant failures with or

The risk of peri-implant bone loss
Thirteen studies focused on radiographic assessment of peri-implant
bone loss. In 11 studies, a significantly
enhanced marginal bone loss was found
in smokers, compared with non-smokers, including two studies investigating
the effect of smoking on marginal bone
loss around implants in patients undergoing 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 periapical radiographs, which was not reproducible in panoramic radiograph
assessment, however (Penarrocha et al.
2004) (Table 11).

Smoking as a risk factor for
augmentation procedures

Mx 72.9
Md 27.1
De Bruyn et al. (1999)

Table 7 shows ORs and CI95% calculated from studies reporting implant- or
patient-related data, including augmentation procedures.

current tobacco smoking were assessed
by five retrospective and two prospective studies, revealing an enhanced risk
for smokers to develop peri-implant soft
tissue complications. One prospective
study investigating the effect of smoking 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).

without augmentation procedures were
reported significantly enhanced.
Furthermore, three studies reported
on significantly enhanced implant failure 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 introduced 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 periimplant complications associated with

Four retrospective studies considered
the impact of smoking on the course
and outcome of horizontal and/or vertical augmentation procedures, SFEA and
GBR for the treatment of alveolar ridge
defects before or simultaneously with
implantation. Although the augmentation methods and materials as well as
barrier materials used were different,
three studies reported significantly
more failures and complications in smokers, 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 (0.03opo0.05) (Strietzel
2004).
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Table 5. Odds ratios (OR) and confidence intervals (CI95%) calculated from studies reporting implant-related data without consideration of
augmentation procedures

n

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).
w

Table 6. Odds ratios (OR) and confidence intervals (CI95%) calculated from studies reporting patient-related data without augmentation procedures

n

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 therapeutic interventions, particularly before
elective treatment. Therefore, patient’s
decision making before implant–prosthetic rehabilitation should be supported
by information about risks and riskassociated factors.

r 2007 The Authors. Journal compilation r 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 augmentation procedures. Moreover, smoking
reduction advice, given in conjunction
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Table 7. Odds ratios (OR) and confidence intervals (CI95%) calculated from studies reporting implant- or patient-related data, including
augmentation procedures

n

SFEA.
Lateral alveolar ridge augmentation/GBR).
Calculated following the suggestion by Gart & Zweifel (1967) and Fleiss (1981).

w
z

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). Nevertheless, the impact of consideration of
the patient’s status as a smoker or nonsmoker in implant treatment planning
seems not to be controversial but indistinct. A national questionnaire to NHSconsultants 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 treatment (Butterworth et al. 2001).
A survey among Finnish dentists
evaluating the association of various
patient characteristics or possible contra-indications for dental implant treatment 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 5 0.002).
Older dentists (40–49 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

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 quantification: patients smoking up to 10 cigarettes 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 different considering the included studies,
in this meta-analysis and systematic
review, any patient who smoked was
considered a smoker according to Wallace (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 criteria were different in several included
studies. Besides calculation of differences between cumulative success rates
or implant failure frequency between
smokers and non-smokers, frequencies
of implant failures or biologic complications were recorded. The risk of
occurrence of implant failures for smoking patients was expressed as OR, calculated 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 significantly enhanced risk for implant failure
among smokers compared with nonsmokers, 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. Comparing 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 complications, 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 (Brånemark
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
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o 0.001 677 implants:
mandible: 252, maxilla: 425
677 patients
(1 implant considered per patient)
2.0–9.8

nn

n

Cox’s proportional hazard model.
Multivariate Cox model.
w
Periodontally compromised patients.
z
Clustered Cox’s regression analysis.
§
Brånemark fixtures or related implant types.
z
Brånemark Mark-II wide platform and wide diameter implants were used exclusively.
k
Univariate analysis.
HR, hazard ratio; RR ,risk ratio; expressing the risk of implant failures among smokers, compared with non-smokers.

HR 4.4nn
48 years
Augmentation of alveolar crest width and/or height or internal
or external sinus floor elevation and augmentation
Woo et al. 2004)
HA- or TPS-coated or uncoated/passivated Retrospect.
screw-like shape with fins

o 0.05
Not reported,
RR 1.56
implanted between 1982 and 2003
Retrospect.
Different; most implants
machined titanium, threaded§
Moy et al. (2005)

Eckert et al. (2001)

Retrospect.

Retrospect.

HA- or TPS-coated or
uncoated/passivated
screw-like shape with fins z
Machined titanium threaded1,
Chuang et al. (2002b)

10 months

k

1.0–2.4

Not reported
HR 2.4n

5 0.16

1.6–5.3
HR 2.9z
48 years

o 0.01

258 implants:
mandible: 57, maxilla: 201
140 patientsw
2349 implants:
mandible: 934, maxilla: 1415
677 patients
85 implants:
mandible: 57, maxilla: 28
55 patients
4680 implants:
mandible: 2427, maxilla: 2253
1140 patients
o 0.05
0.9–7.6
HR 2.6

4 6 years
Retrospect.
Baelum & Ellegaard (2004) Threaded, TPS-coated or particle-blasted

p
CI95%
HR OR RR
Mean observation period
Study design
Implant system
Study

Table 8. Characteristics of studies reporting on the risk of implant failures, included into the systematic review

n

Sample sizes
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studies including implants with
microstructured surfaces recently introduced (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 significantly enhanced risk of implant failure for smokers (Wilson & Nunn 1999,
Kourtis et al. 2004, Örtorp & Jemt
2004), four studies (Grunder et al.
1999, Kumar et al. 2002, Aalam &
Nowzari 2005, Lemmerman & Lemmerman 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 significant influence of smoking on implant
failures for implants with an anodicoxidized 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 TPSor HA-coated surfaces predominantly,
future studies focusing on implant surface condition using acid etching
and/or particle blasting should be analysed regarding influence of tobacco
smoking on early as well as longterm outcomes to allow for a more
substantiated statement concerning this
issue.
Our findings considering the implantrelated OR for implant failures in smokers were similar to those published by
Hinode et al. (2006), who performed a
meta-analysis on the influence of smoking 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), patientrelated ORs were calculated separately
to exclude cumulative effects of individual risk factors. Compared with 18
studies providing implant-related data,
only five prospective and five retrospective studies reported patient-related data

RCT

5 years

33 failed implants in
27 patients
68 successful implants
in 38 patients

w

5 0.945

o0.001

p

No correlations between
smoking and implant failures
patient-related o0.01;
Failure: implant removal or loss
implant-related o0.05
Life-table analysis
Significantly higher failure rate in smokers
compared with non-smokers
Failure:
5 0.024
Implant loss or 50% bone loss
RR 2.5
(CI95% 1.13–5.55)
Log-rank test
Significantly higher failure rate in smokers
compared with non-smokers

ANOVA

Implant survival
Kaplan-Meier survival analysis
3-year CSR
In non-smokers:
92.8% nimplants
98.4% wimplants;
In smokers:
93.5% nimplants
98.7% wimplants
No significant difference of implant
survival was observed between smoking
and non-smoking patients
Failure: implant removal or loss
w2 test
Significantly higher failure rate in smokers
compared with non-smokers
Failure: implant removal or loss

Evaluation criteria, statistics, outcomes

Brånemark fixtures or related threaded titanium implants with a machined surface.
Threaded titanium implants with an acid-etched surface.
z
TPS-coated cylindric titanium implants.
RCT, randomized clinical trial; RR, risk ratio; expressing the risk of implant failures among smokers, compared with non-smokers. CSR, cumulative survival rate.

n

Wilson & Nunn (1999) Threaded, TPS-coated or Retrospective Failed implants:
machined implants
8 months,
success-ful implants:
3.2 years

Örtorp & Jemt (2004)

1003 implants in 376 patients
146 implantsz
348 implants n
655 implantsw
792 implants in 126 patients

Cylindric, TPS-coatedz;
threaded, machined
titaniumn and threaded,
acid-etchedw implants
Threaded, machined
titanium implants

Lemmerman &
Lemmerman (2005)

Retrospective 5.3 years

1692 implants in 405 patients
(853 implants in smokers;
839 implants in non-smokers)

Cylindric, TPS-coated or Retrospective 4.6 years
threaded, particle-blasted
implants

3 prospective multicenter studies
(2609 implants n in 1013 patients;
6 prospective
studies (2274 implants w
in 778 patients)

Sample sizes

Kourtis et al. (2004)

Meta-analysis 60.1 monthsn
43.7 monthsw

Study design Mean observation period

Threaded, machined
titaniumn or
acid-etchedw implants

Implant characteristics

Bain et al. (2002)

Study

Table 9. Characteristics of studies reporting on the frequency of implant failures in smokers compared with non-smokers, included into the systematic review
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Root-form implants, no further
characterization

Implant characteristics
Prospective

At least 1 year

Study design Mean observation period
42 implants in 14 patients
10 non-smokers,
representing 24 implants

Sample sizes

Statistics, outcomes

Mann–Whitney U-test
Spearman’s rank-correlation test
Significantly increased inflammation-related clinical
parameters (probing depth, modified plaque index,
gingival index and sulcus fluid flow rate) in smokers
Peri-implant crevicular fluid sampling showed
significantly decreased neutrophil elastase activity
and concentration in smokers
Logistic regression
27 hypothyroid patients,
Attard & Zarb (2002) Threaded, machined
Retrospective 18.3 years for
OR 3.9
82 implants;
titanium implants
hypo-thyroid patients;
(CI95% 1.1–13.5)
29 healthy control patients,
16.6 years for healthy
81 implants
control patients
Significantly higher risk for smokers to develop
peri-implant inflammatory soft tissue complications
Gruica et al. (2004)
TPS-coated hollow
Retrospective At least 8 years
292 implants in 180 patients Multivariate logistic regression model
cylinder or hollow53 smokers, 127 non-smokers Significantly higher risk for smokers to develop
or solid-threaded implants
peri-implant inflammatory complications
(Suppuration from the peri-implant sulcus,
fistula, peri-implantitis and bone loss)
Wilcoxon rank test
Haas et al. (1996)
Cylindric, TPS-coated and threaded, Retrospective 22 months
1366 implants in
Higher scores in bleeding index, mean probing
machined titanium implants
107 smokers;
depth, degree of peri-implant mucosal
1000 implants in
inflammation and bone loss in smokers,
314 non-smokers
compared with non-smokers
Mc Dermott
HA- or TPS-coated or
Retrospective 8 years
2349 implants in 677 patients Cox proportional hazard regression model
et al. (2003)
uncoated/passivated
HR 2.6
screw-like shape with fins
(CI95% 1.41–4.84)
Significantly higher risk for smokers to develop
peri-implant inflammatory complications
Oates et al. (2004)
HA- or TPS-coated cylindric
Prospective At least 60 months
104 implants in 16 patients
Analysis of variances (ANOVA)
titanium implants
(50 implants in eight
Pyridinoline levels in peri-implant crevicular
smokers)
fluid were found significantly enhanced in
smokers compared with non-smokers,
suggesting that smoking may contribute to
implant failure by increasing bone resorption
in smokers
Weyant (1994)
Not reported
Retrospective Not reported
2098 implants in 598 patients Bivariate analysis, logistic regression
OR 1.8
Significantly more periimplant soft
tissue pathoses in smokers, compared
with non-smokers
Investigations on the effect of smoking on implants in patients undergoing treatment of periodontitis and peri-implantitis
Leonhardt et al. (2003) Threaded, machined titanium implants Prospective 5 years
26 implants in nine patients More implants (seven of 18) failed in
smokers compared with (one of eight)
non-smokers.

Ataoglu et al. (2002)

Study

Table 10. Characteristics of studies reporting on the frequency of soft tissue and peri-implant complications in smokers compared with non-smokers, included into the systematic review
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5 0.0001
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Threaded, machined
titanium implants

TPS-coated, hollow
cylinder or
hollow or solid
threaded implants

Machined or TPS-coated
threaded or
HA-coated cylindrical
implants
Cylindric, TPS-coated
and threaded,
machined titanium
implants

Carlsson et al. (2000)

Feloutzis et al. (2003)

Galindo-Moreno
et al. (2005)

Threaded, machined
titanium implants

Lindquist et al. (1997)

Lindquist et al. (1996)

TPS-coated, hollow
cylinder or hollow
threaded implants
Threaded, machined
titanium implants

Karoussis et al. (2004)

Haas et al. (1996)

Anodic oxidized or dual
acid etched2 or machined3
threaded titanium implants

1

Implant characteristics

Aalam & Nowzari (2005)

Study

5.6 years

3 years

Prospective

Prospective

Prospective

Prospective

Prospective

10 years

15 years

10 years

Retrospective 22 months

15 years

Prospective

Retrospective 2 years

Study design Mean observation period
1

ANOVA

Statistics, outcomes

No significant differences of marginal
bone loss were found between smokers
and non-smokers in all three groups of implants
273 implants in
t-test
44 patients (21 smokers)
Smokers lost significantly more
peri-implant bone than non-smokers.
The mean peri-implant alveolar bone
loss in the mandible exceeded that in the
maxilla significantly in smokers
w2 test, stratified analysis, Fisher exact test
182 implants in 90 patients
14 heavy smokers,
A stratified analysis for smoking and
14 moderate smokers,
IL-1 genotype positive group revealed
23 former smokers,
significantly higher absolute bone level
39 non-smokers
difference and annual bone loss for
heavy smokers compared with non-smokers
514 implants in 185
Contingency tables, Pearson’s
patients (63 smokers)
correlation coefficient
The peri-implant marginal bone loss
was significantly enhanced in smokers
1366 implants in 107 smokers;
Wilcoxon rank test
1000 implants in 314 non-smokers higher scores in bone loss, especially in
the maxilla in smokers, compared with
the mandible and implants in the maxilla
of non-smokers
179 implants in 89 patients
Multiple stepwise regression analysis
Peri-implant marginal bone loss was
significantly enhanced in smoking patients
278 implants in 47 patients
t-test
The average marginal bone loss around
implants was significantly greater in
smokers than in non-smokers
266 implants in 45 patients (21
t-test
smokers, 24 non-smokers,
Bivariate correlation
edentulous mandibles)
The average marginal bone loss around
implants was significantly greater in
smokers than in non-smokers
Among smokers, the bone loss was
smaller in posterior regions compared
with incisor regions, and those with poor
oral hygiene had a greater bone loss
than those with good oral hygiene

198 implants (58 implants ,
52 implants2, 88 implants3)
in 74 patients

Sample sizes

Table 11. Characteristics of studies reporting on peri-implant bone-level changes in smokers compared with non-smokers, included into the systematic review

o0.001
o0.001
o0.001

o0.001

o0.0001

o0.01

o0.02

o0.04

o0.001

40.05

p
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o0.05

5 0.022

5 years
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Particle-blasted,
threaded titanium implants

Prospective
Wennström et al. (2004b)

47 patients (15 smokers,
32 non-smokers)

t-test, multiple regression models
Significantly enhanced bone-level
change around dental implants after
a 5-years observation period in
smokers compared with non-smokers
Stepwise backward regression analysis
Significant greater bone loss in
smoking patients compared
with non-smokers
148 implants in 51 patients
137 implants in 47 patients
At least 1 year,
up to 5 years
Investigations on the effect of smoking on peri-implant bone level
in patients undergoing treatment of periodontitis or peri-implantitis
Wennström et al. (2004a)
Particle-blasted, threaded
Prospective
titanium implants

o0.0001
Schwartz-Arad et al. (2005a) Not reported

Retrospective 37.9 months

277 implants in 61 patients
50 implants in eigth smokers;
227 implants in 53 non-smokers

Assessment of panoramic radiographs
showed no significant association
between marginal bone loss and smoking
Periapical radiographs revealed a positive
linear association between smoking
and peri-implant bone loss
w2 test
Significantly more cervical bone loss
at 27 of 50 implants in smokers and
at 54 of 227 implants in non-smokers

ANOVA

Sand-blasted, large-grit,
Retrospective 1 year
acid-etched, threaded implants
Penarrocha et al. (2004)

108 implants in 42 patients
47 implants in 16 smokers,
61 implants in 26 non-smokers

Significantly higher mean bone loss
around implants in smokers both in the
maxilla and mandible, compared with
non-smokers

o0.01

5 0.001
t-test

implants in 161 patients
implants in 59 smokers;
implants in
non-smokers
Retrospective 42.9 months
for smokers;
48.4 months
for non-smokers
Not reported
Nitzan et al. (2005)

Study

Table 11. (Contd.)

Implant characteristics

Study design Mean observation period

646
271
375
102

Sample sizes

ANOVA

Statistics, outcomes

p
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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 Steenberghe et al. 2004) revealed no significantly enhanced ORs, and one study
(Kronström et al. 2001) revealed a tendency 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 consideration of implant failures in smokers
in the meta-analysis, peri-implant parameters as there are peri-implant mucosal
status or peri-implant bone level known
to be associated with the implant prognosis (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 systematic 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 periimplant 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 inflammatory peri-implant complications
might be expected – among others –
due to tobacco smoking-associated
vasoconstrictive effects at the end-arterial gingival vessels (Sham et al. 2003)
and the significant decrease of neutrophil 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
b-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 necessary for early detection of implant complications.

5 0.41
5 0.16
Wilcoxon’s test, w2 test
The mean defect reduction at implants inserted in
smokers was found less (82%) compared with
non-smokers (88%), but did not differ significantly.
Smoking was not found to be significantly associated
with treatment success (OR 0.51, CI95% 0.21–1.28)
Zitzmann
et al. (1999)

Bone substitution materials with or
without autogenous bone
GBR with non-resorbable barrier
membranes (expanded
polytetrafluoro-ethylene) for
horizontal alveolar ridge
defect augmentation
Augmentation of horizontal defects
(1-, 2-, 3-wall defects) around
implants, using
deproteinized bovine bone
mineral and a porcine collagen
barrier membrane for GBR
Strietzel (2001)

Defect reduction after re-entry

75 patients (24 smokers),
112 implants,
112 augmentation sites

5 0.04

Autogenous bone block grafts for
horizontal and/or vertical
ridge augmentation before implantation
no barrier membranes
Schwartz-Arad
et al. (2005b)

72 patients (19 smokers),
72 augmentation sites

56 patients (11 smokers),
64 autogenous bone grafts

Complications: inflammatory
symptoms,
hematoma, swelling,
temporary paresthesia
Failures:
graft exposure/removal
Premature membrane exposure,
requiring membrane removal

w2 test
The risk for premature membrane
exposure in
smokers is significantly enhanced
compared with non-smokers

5 0.04

5 0.04

Pearson’s correlation coefficient
Complications following OBG
occurred in 1/3 of smokers and in 7.7% of non-smokers.
Complications following SFEA occurred in 23.2%
of smokers and 6% of non-smokers
w2 test
Pearson’s correlation coefficient
complications in 50% of smokers and in 23% of
non-smokers failures in 33% of
smokers and in 7.7% of non-smokers

64 OBG in 56 patients;
79 SFEA in 72 patients
Follow-up at least 6 months
postsurgery
Complications:
graft exposure or mobilityn;
swelling, sinus infectionnn
Autogenous onlay bone grafts
(OBG)n, sinus floor elevation
and augmentation (SFEA)nn
Levin et al. (2004)

Augmentation procedure

Observation parameters

Sample sizes

ANOVA;

Statistics, outcomes

p

Strietzel et al.

Study

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
systematic review
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Smoking was also found to have a
significant negative impact on the marginal bone level at implants with
machined or TPS- or HA-coated surfaces, which again was not confirmed by
two studies on implants with particleblasted and acid-etched (Penarrocha
et al. 2004) or dual acid-etched or
anodic-oxidized surfaces (Aalam &
Nowzari 2005), showing no association
between smoking and marginal bone
loss. As shown for implant failure,
microstructured implant surfaces seem
to have positive influence on marginal
bone level around implants in smokers
within the limits of this literature
review.
The impact of smoking on the outcome of SFEA and GBR seems rarely
reported considering the studies identified within this literature search. This
might be due to the fact, that smoking is
often considered an exclusion criterion
for patient recruitment for prospective
studies on SFEA or GBR procedures.
Nevertheless,
our
meta-analysis
revealed a synthesized OR of about 3.6
and, therefore a significantly enhanced
risk of implant failures for smokers
undergoing augmentation procedures.
These findings based on studies reporting outcomes after SFEA and confirmed
earlier findings from a systematic
review (Strietzel 2004). Two studies on
GBR and ridge augmentation procedures showed a significantly enhanced
risk of graft or barrier membrane exposures requiring partial or complete graft
or membrane removal (Strietzel 2001,
Schwartz-Arad et al. 2005b). A study on
outcomes after alveolar ridge defect
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 studies and data, respectively.
Reviews identified within this literature search confirmed, that smoking is
one of the factors related to implant
failure by reporting conclusions of several studies showing that smoking is
associated with higher failure rates,
complications and altered peri-implant
tissue conditions (Esposito et al. 1998,
Sennerby & Roos 1998, Sham et al.
2003, Wood & Vermilyea 2004). An
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earlier review revealed a significant
association between smoking and marginal bone loss, biologic complications,
reduced survival rate of implants
(0.001opo0.05) and the outcome of
onlay bone grafts (po0.05) 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 consequently, the peri-operative use of antibiotics (Gorman et al. 1994) as well as
additional local risk factors as for example 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 confounding parameters might be expected due to
selected patient cohorts. Although Balshi & Wolfinger (1999) did not find a
significant influence of smoking on
osseointegration in a population of diabetic patients undergoing metabolic
control, a rate of 5.7% of non-osseointegrated 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 smoking 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 interaction between HRT and smoking was
concluded. Besides smoking, hypothyreoidism was supposed to interfere with
bone physiology even if correctly medically 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 complications
during
the
postoperative
course and significantly more marginal
bone loss compared with the control
group.
Therefore, medical risk factors
should be considered critically in context with a smoking history in decision
making before implant therapy.

In conclusion, smoking was identified
a significant risk factor for dental
implant therapy. This should be
addressed thoroughly in patient information 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 comprise enhanced potential risks of complications generally, smoking should be
considered an additional risk and therefore 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 smoking and implant failure and marginal
bone loss. Whether these implant surfaces indeed significantly improve outcomes 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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(2000) Tobacco and oral health. Questionnaire about knowledge, practices and opinions among dentists in Berlin. Mund-,
Kiefer- und Gesichtschirurgie 4, 45–49, (article in German).
Roos, J., Sennerby, L., lekholm, U., Jemt, T.,
Gröndahl, K. & Albrektsson, T. (1997) A
qualitative and quantitative method for evaluating implant success: a 5-year retrospective
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Principal findings: The risk of
implant failures and biologic complications with and without accompanying augmentation procedures was
found significantly enhanced in smokers compared with non-smokers.
Five of six studies on implants with
particle-blasted, acid-etched or anodic-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 smokers undergoing implant treatment is
necessary for early detection of
implant complications. Therefore,
identification of smokers is required.
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