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As an increasing number of patients receive
implants to replace missing teeth lost due to peri-

odontitis, the question arises as to whether a history
of periodontitis affects implant outcomes. In addition,
the effect of cigarette smoking must be considered
with respect to implant loss, increased risk of peri-
implant disease, and peri-implant marginal bone loss.

The aim of this review paper was to evaluate the
association of cigarette smoking and a history of
treated periodontitis with implant outcomes. The
paper addresses the available evidence for these two
factors, both alone and combined, as potential risk
factors for adverse implant outcome.

MATERIALS AND METHODS

Search Strategy
A literature search was performed of two data-
bases—MEDLINE (Ovid) and EMBASE—from January
1, 1966, to June 30, 2008. The search strategy included
the following terms ([dental implants or oral implants
or endosseous implants or implant-supported prosthe-
sis] AND [smoking or tobacco]) OR ([dental implants or
oral implants or endosseous implants or implant-sup-
ported prosthesis] AND [periodontitis or periodontal
diseases or periimplant$]). Articles in the English,
French, and German languages were considered, and
the search resulted in 1,491 articles. Titles and
abstracts were screened, and the full texts of publica-
tions reporting implant outcomes in smokers, or in
patients with a history of periodontitis, were
obtained. The articles were then evaluated for adher-
ence to one of the following inclusion criteria:

• Systematic reviews addressing smoking and/or
history of treated periodontitis as a risk factor for
adverse implant outcome 

• Longitudinal or cross-sectional cohort studies
reporting implant outcomes where the periodon-
tal history/status of the subjects was clearly
defined, ie, with a subgroup of patients with and
without a history of treated periodontitis
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• Longitudinal or cross-sectional studies reporting
implant outcomes in patients with a history of
treated periodontitis

• Longitudinal or cross-sectional cohort studies of
implant outcomes where the smoking status/his-
tory of the subjects was clearly defined, ie, with
subgroups of smokers and nonsmokers

• Longitudinal or cross-sectional studies reporting
implant outcomes in smokers

Case series articles of fewer than 10 patients were
excluded. In addition, the bibliographies of system-
atic review papers were hand searched.

Implant Outcomes
The following four outcomes were evaluated:

• Implant survival. This refers to the presence of an
implant with or without complications. If reported,
the time of implant loss was described as early
(prior to loading) or late (after loading) loss. Where
authors included additional criteria for implant sur-
vival, these descriptions were recorded. Implant
survival was expressed as cumulative survival rates
following life table analysis, or survival rates.

• Implant success. This refers to the presence of an
implant in the absence of complications of either
a biologic or technical nature. Various authors
have proposed a range of success criteria. In this
review all descriptions of success criteria were
included. Implant success was expressed as cumu-
lative success rates following life table analysis, or
success rates.

• Occurrence of peri-implantitis.
• Radiographic peri-implant marginal bone loss.

RESULTS: HISTORY OF TREATED 
PERIODONTITIS

A total of 47 publications were included in this sec-
tion of the review. Table 1 describes the characteris-
tics of retrospective and prospective cohort studies
(19 publications, 17 studies) including subgroups of
patients with and without a history of treated peri-
odontitis. Table 2 describes the characteristics of ret-
rospective and prospective studies (20 publications,
18 studies) reporting on implant outcomes in
patients with a history of treated periodontitis.

There have been eight recent systematic reviews
addressing implant outcomes in patients with a his-
tory of treated periodontitis versus nonperiodontitis
patients.1–8 The systematic reviews vary in methodol-
ogy and inclusion criteria. Two papers carried out
meta-analyses,3,6 while six reported that meta-analy-

sis was not possible due to heterogeneity of study
characteristics. Some systematic reviews assessed the
quality and risk of bias in the included studies.2,3,6,8 A
high to medium level of bias was indicated. The stud-
ies included in the individual systematic reviews are
identified in Tables 1 and 2.

Summary of Study Characteristics
The studies identified in this section of the review
(Tables 1 and 2) vary considerably in study design,
making comparisons of outcomes difficult. Variables
found to be inconsistent among studies included
patient population with respect to periodontal status,
length of follow-up, survival data, success data, mar-
ginal bone loss, occurrence of peri-implantitis, con-
founding factors, maintenance care, implant
characteristics, and surgical procedure for implant
placement. Details follow below.

Patient Population with Respect to Periodontal
Status. The definitions of periodontitis and nonperi-
odontitis patients differed among studies. For exam-
ple, Hardt et al described an age-related bone score
(history of radiographic bone loss) as a measure of sus-
ceptibility to periodontitis.9 Other authors compared
patients who had lost teeth due to periodontitis with
patients who had lost teeth due to nonperiodontal
reasons.10,11 Three studies included immediate
implants placed in patients with periodontitis and
nonperiodontitis-related tooth extraction.12–14

Where a description of the type of periodontitis
was given, the type of periodontal disease was usu-
ally described as chronic periodontitis. In other stud-
ies it was described as either chronic or aggressive
periodontitis according to the current classification
(International Workshop for Classification of Peri-
odontal Diseases and Conditions 1999).15 One study
used the term recalcitrant periodontitis.16 A number of
studies did not report the type of periodontitis.

All studies indicated that patients in the periodon-
titis group received periodontal treatment prior to
implant placement. However, the details of the treat-
ment provided (surgical versus nonsurgical) and the
periodontal status of the remaining teeth were infre-
quently reported.

Length of Follow-up. The length of follow-up var-
ied from 6 months to 14 years. The majority of studies
had medium-term follow-up of between 1 and 5
years. In nine studies patients were followed for 10
years or more.

Survival Data. Most studies reported implant sur-
vival as presence of retained implants over the obser-
vation period. A number of studies reported
cumulative survival rates following life table analysis.
Some studies reported implant survival from the time
of implant placement, while others reported from the
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time of loading. Some studies distinguished between
early and late implant loss, while others reported on
overall implant loss. The statistical unit of analysis was
implant-based in the majority of studies, while others
presented a patient-based analysis.17–19

Success Data. The definition of success varied
among studies. Some studies defined their own suc-
cess criteria using different thresholds for probing
depths, bleeding on probing, and bone loss.11,20,21

Other studies used published success criteria, based
on clinical and radiographic parameters, as defined
by various authors.22–24 The baseline reference time
point for success varied from the time of implant
placement25 to the time of loading26 to 1 year of
function.11 Success was based on the implant as the
unit of analysis for all studies.

Marginal Bone Loss. Marginal bone loss was
recorded in most studies from the time of insertion of
the prosthesis; however, Karoussis et al27 measured
from 1 year after loading. There were also variations
in radiographic reference points due to the differ-
ences in implant designs. Few studies reported the
use of standardized radiographs.

Occurrence of Peri-implantitis. Few studies
reported on the occurrence of peri-implantitis, and
definitions of peri-implantitis were inconsistent.
Karoussis et al11 reported on the incidence of peri-
implantitis, whereas the other studies reported on
the prevalence of implants or patients with peri-
implantitis.18,28

Confounding Factors. There was inconsistency in
reporting of, and adjustment for, confounding factors
such as diabetes and smoking. Multivariate analyses
accounting for confounding factors were performed
in three studies.17,18,29 Other studies performed uni-
variate or bivariate analyses on smokers within the
population.11,30,31 Several studies eliminated smoking
as a confounding factor by including only nonsmok-
ers in the study population.18,30,32,33

Maintenance Care. The frequency of supportive
periodontal therapy varied among studies and was
not always reported. Furthermore, the maintenance
regimen was infrequently described.

Implant Characteristics. The type of implant sur-
face (turned, acid etched, hydroxyapatite coated,
sandblasted acid etched, titanium plasma sprayed)
and configuration (threaded implant, hollow screw,
hollow cylinder) varied between studies.

Surgical Procedure for Implant Placement. There
was variation between and within studies in the
implant placement procedures with respect to the
anatomical position of the implant, submerged or
nonsubmerged placement, placement in regenerated
bone, use of simultaneous bone-augmentation pro-
cedures, implant placement in conjunction with sinus
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elevation, immediate implant placement, and imme-
diate implant loading.

Main Findings of the Systematic Reviews
Ong et al (2008). This systematic review evaluated
whether implant outcomes (survival, success, bone-
level change, peri-implantitis) of partially dentate
patients who had been treated for periodontitis were
different from those of periodontally healthy
patients.2 Nine studies were included, but no meta-
analysis was performed due to the heterogeneity of
the chief study characteristics. Of the five studies pre-
senting implant survival data, four reported higher
implant survival for nonperiodontitis patients.9,11,17,19

Two of these studies found a statistically significant
difference in survival associated with the patient’s
periodontal status.17,19

Of the five studies presenting data on implant suc-
cess, four reported more favorable results for patients
without a history of periodontitis than for those with
treated periodontitis.11,25,31,32 Only one study, Karous-
sis et al,11 showed statistical significance.

Occurrence of peri-implantitis was reported in
three studies.11,25,28 Roos-Jansåker et al29 and Karous-
sis11 reported a statistically significantly greater fre-
quency of peri-implantitis in treated periodontitis
patients than in nonperiodontitis patients.

Longitudinal radiographic bone loss around
implants was associated with a history of treated
periodontitis in all five studies reporting bone levels,
but was statistically greater in only one study.9

The conclusions of this systematic review were
that there is some evidence that patients treated for
periodontitis may experience more implant loss and
implant complications than nonperiodontitis
patients. The authors concluded that the evidence
was stronger for the effect on implant survival than
for the effect on implant success.

Klokkevold and Han (2007). This study compared
implant outcomes in patients with a history of
treated periodontitis versus nonperiodontal
patients.3

Implant Survival. A meta-analysis was performed
combining results from three cohort studies9,11,32 and
reporting survival data for patients both with and
without a history of periodontitis. No statistical differ-
ence in implant survival between the two patient
groups was found. In a further meta-analysis, data
from 10 studies including patients with a history of
treated periodontitis were combined. The pooled
estimate of implant survival was 0.95 (95% CI: 0.918
to 0.982), or 95%. When survival data from the three
studies in nonperiodontitis patients were combined,
the pooled estimate was 0.971 (95% CI: 0.948 to
0.994), or 97% survival at the last reported visit.

Implant Success. In a further meta-analysis includ-
ing four cohort studies,11,19,31,32 a statistically signifi-
cant difference in success rates of implants placed in
patients with and without a history of treated peri-
odontitis was found (P = .013). The pooled estimate of
the difference in implant success rates was 0.1105
(95% CI: –0.2006 to –0.0203). In other words, there was
an 11.05% better implant success for patients without
a history of periodontitis. Eight studies with implant
success data in patients with a history of treated peri-
odontitis were combined in a meta-analysis to give a
pooled estimate of 0.89 (95% CI: 0.823 to 0.957), or
89% success. Four studies with success data in healthy
patients were combined in a meta-analysis resulting
in a pooled estimate of 0.892 (95% CI: 0.812 to 0.972),
or 89% implant success. The authors concluded that a
history of treated periodontitis does not seem to
adversely affect implant survival, but that these
patients may experience more complications and a
lower success rate, particularly over longer periods.

Karoussis et al (2007). This review identified
seven short-term (< 5 years) and eight long-term (≥ 5
years) prospective studies addressing the prognosis
of osseointegrated implants in partially dentate
patients with a history of treated periodontitis.5 No
meta-analysis was performed. Four of the 15 studies
were cohort studies including both periodontitis and
nonperiodontitis patients.11,25,31,32 The authors con-
cluded that there were no statistically significant dif-
ferences in either short-term or long-term implant
survival between patients with a history of treated
periodontitis and nonperiodontitis patients. When
evaluating success criteria, the authors concluded
that patients with a history of treated chronic peri-
odontitis exhibited significantly greater long-term
probing pocket depth and marginal bone loss and a
higher incidence of peri-implantitis compared with
periodontally healthy subjects.

Quirynen et al (2007). This systematic review
investigated the relationship between susceptibility
to periodontitis and peri-implantitis.4 Seventeen
studies were included in the review; however, no
meta-analysis was possible due to heterogeneity of
study designs. Four of the five cohort studies compar-
ing patients with and without a history of treated
periodontitis reported a higher incidence of late
implant loss and/or marginal bone loss in patients
with a history of treated periodontitis. When implants
with a very rough surface were used11,19,25 or when
supportive periodontal therapy was not provided,9

the number of implant losses was almost three times
higher for patients with a history of treated periodon-
titis. The authors concluded that in patients with a
history of treated periodontitis who had implants
with minimally/moderately rough surfaces and

The International Journal of Oral & Maxillofacial Implants 47

Group 1

39_1c_Heitz_Mayfield.qxp  9/8/09  3:05 PM  Page 47



received supportive periodontal therapy, the implant
failure rates and marginal bone loss remained low.
The authors also discussed that due to the lack of
assessment of confounding factors (such as smoking,
oral hygiene, and diabetes), definitive conclusions
could not be drawn.

Schou et al  (2006). This systematic review6

included two controlled studies with at least 5 years
of follow-up assessing the outcome of implant ther-
apy in patients with previous tooth loss due to peri-
odontitis.9,11 Data from a total of 33 patients with
tooth loss due to periodontitis and 70 patients with
nonperiodontitis-associated tooth loss were com-
bined in meta-analyses. There was no significant dif-
ference in the survival of implants after 5 and 10
years. However, there were significantly more patients
with peri-implantitis in the group with periodontitis-
associated tooth loss during the 10-year follow-up
period, with a risk ratio of 9 (95% CI: 3.94 to 20.57).
There was also significantly more marginal bone loss
observed in patients with periodontitis-associated
tooth loss after 5 years, with a mean difference of 0.5
mm (95% CI: 0.0 to 0.94). The authors concluded that
the results of the analyses should be interpreted with
caution due to the small sample size and the fact that
quality assessment of both studies revealed a high
risk of bias.

Schou (2008). This subsequent systematic review
by Schou7 included prospective and retrospective
studies assessing implant treatment in partially and
totally edentulous patients with a history of peri-
odontitis-associated tooth loss and at least 1 year of
follow–up. Studies evaluated implant outcomes,
suprastructure outcomes, and the health status of
periodontal tissues. The authors concluded that while
implant survival is high in individuals with periodon-
titis-associated tooth loss, the high incidence of peri-
implantitis might jeopardize the long-term outcome
of implant treatment in periodontitis-susceptible
patients.

Van der Weijden et al (2005). This systematic review
evaluated the long-term (≥ 5 years) outcomes of
implants placed in partially edentulous patients with a
history of treated periodontitis.8 Of the four selected
papers, two were cohort studies,9,11 and two were
observational studies evaluating only patients with a
history of treated periodontitis.34,35 Meta-analysis was
not performed. The authors concluded that implant
survival and success might be different in patients with
and without a history of treated periodontitis.

A l - Z a h ra n i  ( 2 0 0 8 ) . This systematic review
addressed the survival and success of implants
placed in patients treated for aggressive periodon-
titis.1 Nine studies were included, four of which
were case repor ts  including fewer than 10

patients.36–39 The remaining five studies included
one short-term observational report40 and four
comparative studies.

Of the four comparative studies, Mengel et al34

reported on survival of 36 implants in five patients
treated for generalized aggressive periodontitis (fol-
lowed for 5 years) and 12 implants placed in five
patients treated for advanced chronic periodontitis
(followed for 3 years). The implant survival was 100%
for the chronic periodontitis patients and 89% for the
aggressive periodontitis patients. There was signifi-
cantly more bone loss around implants in the aggres-
sive periodontitis patients.34

Mengel and Flores-de-Jacoby32 compared survival
of implants placed in 12 periodontally healthy
patients, 12 patients treated for chronic periodontitis,
and 15 patients treated for aggressive periodontitis.
The 3-year survival rate was 100% for implants placed
in healthy and chronic periodontitis patients and
97.4% in aggressive periodontitis patients.32

In another publication, Mengel and Flores-de-
Jacoby33 compared 10 patients with treated aggres-
sive periodontitis who had implants placed in
regenerated bone, and 10 periodontally healthy
patients who had implants placed in nonregenerated
bone. The authors reported 100% survival after 3
years, with more bone loss around implants in the
treated aggressive periodontitis patients.33

Hanggi et al found a trend for more marginal bone
loss at implants placed in patients treated for aggres-
sive periodontitis than at implants placed in patients
treated for chronic periodontitis or nonperiodontal
patients.30

In summary, two of the four comparative studies
reported lower implant survival rates, and three of
four studies reported more bone loss, for implants in
patients with a history of treated aggressive peri-
odontitis. The authors concluded that implant out-
comes in patients with a history of treated aggressive
periodontitis are less favorable than those in nonperi-
odontal patients.

Main Findings of Cohort Studies in Patients
With and Without a History of Treated 
Periodontitis (Table 1)
Of the 11 studies presenting implant survival data,
nine reported higher survival in patients without a
history of periodontitis. Three cohort studies found
statistically significantly lower implant survival rates
in patients with a history of treated periodontitis than
in patients with no history of periodontitis.14,17,19

Implant survival in patients with a history of
treated periodontitis ranged from 79.2% to 100%.The
majority of studies reported survival rates > 90% in
patients with a history of treated periodontitis.
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Of the eight studies presenting implant success
data, seven reported higher implant success for
patients without a history of treated periodontitis.
Only one study found a statistically significant differ-
ence in implant success between patients with and
without a history of treated periodontitis.11

Implant success in patients with a history of
treated periodontitis ranged from 58% to 100%.

Of the four studies that reported on peri-implanti-
tis,11,18,25,29 three found a statistically significantly
greater risk of peri-implantitis in patients with a his-
tory of treated periodontitis.11,18,29 Reported odds
ratios ranged from 3.1 to 4.7.

Longitudinal radiographic bone loss around
implants was associated with a history of treated
periodontitis in all seven studies reporting bone lev-
els, and was statistically significantly greater com-
pared to patients without a history of treated
periodontitis in two studies.9,41

Four studies including a total of 46 patients with a
history of treated aggressive periodontitis reported
greater marginal bone loss compared to patients
without a history of treated periodontitis.30,32,33,41

Main Findings of Prospective and 
Retrospective Studies in Patients with 
a History of Treated Periodontitis (Table 2)
Implant survival in patients with a history of treated
periodontitis ranged from 59% to 100%.

The majority of studies (17 of 18) reported high
implant survival rates ≥ 90% for implants with turned
or moderately rough surfaces.

All studies reported regular supportive periodon-
tal therapy.

In the two studies where both very rough surface
and moderately rough surface implants were used,
lower survival rates (59% to 78%) were observed for
the implants with very rough surfaces.20,42 Only six
studies reported implant success data, ranging from
53% to 100%. Success criteria differed between studies.

RESULTS: SMOKING

A total of 88 publications were included in the review
of the evidence available for smoking as a risk factor
for adverse implant outcomes. Table 3 describes the
characteristics of the 59 cohort studies evaluating
implant outcomes in a subgroup of smokers and
nonsmokers. Study design, sample sizes, and implant
outcomes expressed as survival and success rates are
described. Risk of failure in smokers, expressed as
odds ratios for implant-related data and patient-
related data, both with and without augmentation
procedures, are presented. Where odds ratios are pre-

sented, they were obtained from the original paper or
from the systematic reviews if indicated.

Table 4 includes seven studies evaluating smoking
as a risk for peri-implantitis and soft tissue complica-
tions. Table 5 includes 22 prospective or retrospective
studies evaluating smoking as a risk for peri-implant
bone loss.

Four recent systematic reviews, all including meta-
analyses, have evaluated cigarette smoking as a risk
factor for adverse implant outcome. Three of the four
reviews found smoking to be a significant risk fac-
tor.3,43,44 The studies included in the individual sys-
tematic reviews are identified in Table 3.

Summary of Study Characteristics
Variation in study design, inclusion criteria, and data
analyses makes it difficult to compare the studies pre-
sented in Tables 3, 4, and 5. The following study char-
acteristics contributed to the heterogeneity among
studies: study design, the patient population with
respect to smoking status, length of follow-up, sur-
vival data, success data, peri-implant marginal bone
loss, occurrence of peri-implant disease, confounding
factors, maintenance care, implant characteristics, and
procedures for implant placement. Details follow
below.

Study Design. The majority of studies were retro-
spective in design, while 14 were prospective. Retro-
spective studies have less validity than prospective
clinical trials due to issues of selection bias and con-
founding factors. Furthermore, retrospective studies
rely on the completeness of data entered in the
patient’s chart.

Patient Population with Respect to Smoking 
Status. The studies used a range of definitions for
smokers, nonsmokers, and former smokers. In some
studies smokers were defined as smoking one or
more cigarettes per day, while other studies used a
threshold of 10 cigarettes per day. Other studies had
categories of smoking including light, moderate, and
heavy, depending on the number of cigarettes
smoked per day. One study classified nonsmokers as
subjects who had never smoked or who had stopped
smoking at least 1 year before implant treatment.45

Length of Follow-up. The length of follow-up var-
ied from before implant loading up to 20 years. The
majority of studies had a follow-up time of between
three and six years.

Survival Data. Most studies reported implant sur-
vival as presence of retained implants over the obser-
vation period. However, Bain and Moy, in one of the
first studies to report a significant difference in implant
survival between smokers and nonsmokers, defined
implant failure as implant loss or bone loss greater
than 50% of the implant length.46 A number of studies
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reported cumulative survival rates following life table
analysis. Some studies reported implant survival from
the time of implant placement, whereas others
reported from the time of loading. Therefore, some
studies distinguished between early and late implant
loss, while others reported on overall implant loss.

Success Data. The majority of studies did not
report success rate as an outcome variable. In those
studies reporting implant success, success criteria
varied, and included absence of exposure of cover
screw during the healing phase, absence of a biologic
complication, and probing depth and/or marginal
bone loss thresholds.

Peri-implant Marginal Bone Loss. Marginal bone
loss was recorded in most studies from the time of
insertion of the prosthesis. However, Karoussis et al
measured from 1 year after loading.27 There were also
variations in radiographic reference points due to the
differences in implant designs. Few studies reported
the use of standardized radiographs.

Occurrence of Peri-implant Disease. Only seven
studies reported on the occurrence of peri-implantitis
and/or peri-implant mucositis, and definitions were
inconsistent among studies.

Confounding Factors. Relatively few studies docu-
mented or accounted for confounding factors in their
analysis of the effect of smoking. Factors including
diabetes and a history of periodontitis were infre-
quently reported. Patient-related analyses accounting
for patient dependence and thereby excluding
cumulative effects of individual risk factors were per-
formed only in some studies.

Maintenance Care. The frequency of supportive
periodontal therapy and the maintenance regimen
was infrequently reported among studies.

Implant Characteristics. The type of implant sur-
face and configuration used was not always reported.
The majority of studies included implants with
turned or moderately rough surfaces. Some studies
included hydroxyapatite-coated implants and
implants with a very rough surface. One study used a
ceramic implant.47

Procedures for Implant Placement. In the studies
reviewed there was a wide variation between and
within studies in implant placement procedures with
respect to the anatomical position of the implant,
submerged or nonsubmerged placement, placement
in regenerated bone, use of simultaneous bone aug-
mentation procedures, implant placement in con-
junction with sinus elevation, immediate implant
placement, flapless implant placement, and immedi-
ate implant loading. This makes direct comparisons
between the studies difficult, as the placement proto-
cols may represent significant confounding factors.

Main Findings of Systematic Reviews
Strietzel et al (2007). In this systematic review, any
patient who smoked was classified as a smoker.44

Meta-analyses combining results of 29 studies were
performed. The meta-analyses showed a significantly
increased risk of implant failure among smokers both
for implant-related (odds ratio 2.25, 95% CI: 1.96 to
2.59) and patient-related (odds ratio 2.64, 95% CI: 1.70
to 4.09) data compared to nonsmokers. Smokers
receiving implants with accompanying bone aug-
mentation procedures also had an increased risk of
implant failure (odds ratio 3.61, 95% CI: 2.26 to 5.77)
compared to nonsmokers. The systematic review
showed a significantly increased risk of biologic com-
plications (peri-implantitis) in smokers. The authors
concluded that smoking is a significant risk factor for
adverse implant outcomes.

Klokkevold and Han (2007). This systematic
review identified 19 articles with implant outcome
data, and concluded that smoking adversely affects
implant survival and success.3

Implant Sur vival. Fourteen studies included
implant survival data. A meta-analysis found the
pooled estimate for implant survival in smokers was
0.897 (95% CI: 0.87 to 0.924), or 89.7%, at the last
reported visit. The pooled estimate for implant sur-
vival in nonsmokers was 0.9333 (95% CI: 0.91 to
0.956), or 93.3%, at the last reported visit. The pooled
estimate of the difference in implant survival
between smokers and nonsmokers was 0.0268 (95%
CI: 0.011 to 0.0426), or 2.68% better survival for non-
smokers.This difference was statistically significant.

Implant Success. Seven studies with implant suc-
cess data were included. The pooled estimate for
implant success in smokers was 0.77 (95% CI: 0.661 to
0.879), or 77.0%, at the last reported visit. The pooled
estimate for implant success in nonsmokers was 0.91
(95% CI: 0.866 to 0.954), or 91%, at the last reported
visit. The pooled estimate of the difference in implant
success rates between smokers and nonsmokers was
0.1128 (95% CI: 0.0341 to 0.1915), or 11.28% better
success for nonsmokers (P = .005).

Bone Quality. In this systematic review, further
analyses were performed to investigate the effect of
bone quality on the survival and success of implants
in smokers compared to nonsmokers. The review
found 7.43% better implant survival for nonsmokers
than for smokers with implants placed in soft bone
(described as loose trabecular bone by the authors).
Nine studies reported on implant survival data in all
bone types. Analyses showed 2.01% better implant
survival for nonsmokers compared to smokers (P =
.0093). The authors concluded that the effect of
smoking on implant survival seems more pro-
nounced in soft bone. Five studies reported implant
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success data for both smokers and nonsmokers when
implants were placed in all bone types. Analyses
showed 11.76% better implant success for nonsmok-
ers (P = .019).

Hinode et al (2006). In this systematic review, 19
studies were combined in a meta-analysis, and the
strength of the relationship between smoking and
implant failure was assessed by odds ratios.43 Implant
failure was defined as loss of the implant or progres-
sive bone loss exceeding 50% of the implant length.
Meta-analysis showed an increased risk (odds ratio
2.17, 95% CI: 1.67 to 2.83) for implant failure in smok-
ers compared to nonsmokers. In this review, studies
were separated according to the length of follow-up,
with mean observation periods of less than 1 year (10
studies), more than 1 year but less than 5 years (16
studies), and greater than 5 years (3 studies).

Bain et al 2002. This meta-analysis examined the
effect of smoking on implant outcomes.48 Clinical
studies that monitored the performance of two
implant surfaces—a turned surface and an acid-
etched surface—were included. Nine prospective
studies were included, with a total of 2,614 implants
with a turned surface and 2,274 implants with an
acid-etched surface. For the turned-surface implants,
the 3-year cumulative success rate (CSR) for the 2,117
implants in the nonsmoking group was 92.8%. The
corresponding CSR for the 492 implants in the smok-
ing group was 93.5%. The 3-year CSR for the 1,877
acid-etched surface implants in the nonsmoking
group was 98.4%. For the 397 implants in the smok-
ing group, the CSR was 98.7%. No statistically signifi-
cant difference was observed between smoking and
nonsmoking patients.

Influence of Smoking on Early Implant Survival
Early failure rates, prior to loading, were evaluated by
De Bruyn and Collaert, who reported early implant
failure of 9% in smokers versus 1% in nonsmokers.49

Analyzing the data on a patient basis, 31% of smokers
experienced implant loss in this early healing period,
compared to 4% of nonsmokers. The difference was
statistically significant. Similarly, Gorman et al
reported a higher early implant failure rate of 6.5% for
smokers versus 3.31% for nonsmokers.50 Twenty-two
percent of smokers had implant failures, compared to
9% of nonsmokers. Van Steenberghe et al also
reported significantly more early failures in smokers
compared to nonsmokers.51 Noguerol et al reported
that early implant failure (before loading) was signifi-
cantly associated with smoking habits.52 Multivariate
analysis found a significant effect of smoking > 20 cig-
arettes per day (odds ratio 2.5, 95% CI: 1.3 to 4.79).

In a retrospective study of 6,946 turned surface
implants placed in 2004 patients, a significant differ-

ence in early implant failure between heavy smokers
(> 20 cigarettes per day) and nonsmokers was
found.53 In a cross-sectional analysis, Alsaadi et al
investigated potential factors associated with early
implant failure.54 Implants with an oxidized surface
were placed in 283 patients and followed up to abut-
ment connection. The overall failure rate was low
(1.9%). The authors reported that due to the low fail-
ure rate, statistical analysis of risk factors was difficult.
However, a tendency for more failures to occur in
smokers than nonsmokers was reported. Data from a
large prospective study showed no influence of
smoking on early implant failure (placement to
uncovering), but found more failures in smokers in
the time between uncovering of the implant and
before insertion of the prosthesis.55

In contrast, Wallace et al found no statistically sig-
nificant effect of smoking in the early healing phases
following implant placement.56 Similarly, Kumar et
al57 and Sverzut et al58 found no statistically signifi-
cant difference in early failure rates between smokers
and nonsmokers. Kronström et al evaluated variables
associated with early implant failure.59 Forty patients
with early implant failure and 40 patients matched
for age and gender with successful osseointegrated
titanium implants were studied. The authors found
that antibody avidity to Tanerella forsythia and anti-
body titre to Staphylococcus aureus were associated
with early implant loss, while smoking was not a sig-
nificant factor.

Effect of Smoking on Implants Placed Following
Sinus Floor Elevation and Augmentation
Seven studies reported on implant outcomes in
smokers and nonsmokers following sinus floor eleva-
tion and grafting.45,60–65 Six of these studies reported
a higher failure rate for implants in smokers. In con-
trast, one study reported no statistically significant
difference in failure rate between smokers and non-
smokers for implants placed simultaneously with
sinus grafts.65 Overall, implant survival in smokers
ranged from 26.09% to 94.1% in the studies
reviewed.

Effect of Smoking on Outcomes Following
Immediate Implant Placement
Schwartz-Arad et al evaluated the effect of smoking
in patients who received immediate (288 implants)
and delayed (671 implants) implant placement.66

More complications were reported in smokers than
nonsmokers, regardless of the time of implant place-
ment. A higher incidence of complications was found
among smokers who received immediate implants (P
< .05) compared with smokers who received delayed
implants.
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Wagenberg and Froum (2006) evaluated the effect
of smoking following immediate implant place-
ment.14 Survival rates were 94.4% for smokers and
96.3% for nonsmokers following 6 years of function.
There was no statistically significant difference in
implant survival between smokers and nonsmokers.

Effect of Smoking on Outcomes Following
Immediate Implant Loading
Implant outcomes in 45 patients who were rehabili-
tated following an immediate loading protocol in the
mandible were evaluated following 1 year of
loading.67 Implant failures occurred in 2 of 13 smok-
ers and 4 of 32 nonsmokers. There was no statistically
significant difference in implant survival between
smokers and nonsmokers.

In a study evaluating flapless implant placement
and immediate loading, lower implant survival and
more marginal bone loss were reported in smokers
(defined as > 10 cigarettes per day) compared to
nonsmokers.68

Dose Effect of Cigarette Smoking
While there was inconsistency in the definition of a
smoker between studies, a number of authors
attempted to evaluate the dose effect of cigarette
smoking. Schwartz-Arad et al divided the smoking
patients into two subgroups according to the num-
ber of cigarettes smoked per day (mild smoker ≤
10/day; heavy smoker > 10/day) and the duration of
smoking (mild smoker ≤ 10 years; heavy smoker > 10
years).66 Both groups of smokers were found to have
significantly more complications than nonsmokers.
The number of complications increased as the num-
ber of smoking years increased. In this study all com-
plications, including exposure of a cover screw during
early healing, were recorded.

DeLuca et al found a relationship between the
number of cigarettes smoked and early implant fail-
ure. Failure rates of 3.51%, 4.82%, and 5.56% were
found for individuals who smoked ≤ 5 cigarettes per
day, 6 to 14 cigarettes per day, and ≥ 15 cigarettes per
day, respectively.69 A positive smoking history (indi-
viduals who had > 25 pack years smoking history)
was a significant factor for late implant failure (odds
ratio 2.01, P = .035). Similarly, Alsaadi et al reported a
greater incidence (7.05%) of early implant failures in
heavy smokers (> 20 cigarettes per day) compared to
patients who smoked 10 to 20 cigarettes per day
(5.31%) and those who smoked < 10 cigarettes per
day (4.85%).53

Sanchez-Perez et al also stratified smokers accord-
ing to the number of cigarettes smoked per day
(never smoked or had quit at least 10 years prior, light
smoker < 10 cigarettes per day, moderate smoker 10

to 20 cigarettes per day, heavy smoker > 20 cigarettes
per day).70 Cigarette smoking involved a 15.8% risk of
implant failure, with an odds ratio of 13.1. Light smok-
ers or moderate smokers had a 10.1% relative risk of
implant loss, whereas heavy smokers increased this
risk to 30.8%.70 Lindquist et al reported a dose-effect
relationship between tobacco use and peri-implant
marginal bone loss over a 10-year period.71

Mundt et al considered the duration of smoking in
the analysis of long-term implant survival.72 Current
smokers had a 15% implant failure rate, compared to
9.6% for former smokers and 3.6% for nonsmokers.
The number of years of smoking was statistically sig-
nificantly associated with an increased risk of implant
failures. Long-term smoking significantly increased
the hazard ratio of implant failure from 1.5 for
patients who had smoked for < 10 years to 5.36 for
patients who had smoked for > 40 years.72

Influence of Interaction Between Smoking and
Genetic Factors on Implant Outcome
A number of studies have investigated the effect of
smoking on implant outcome in patients with specific
interleukin (IL-1) polymorphisms.73–76 A retrospective
study investigated the relationship between IL-1 gene
polymorphisms and peri-implant bone loss and peri-
implant mucosal inflammation in both smokers and
nonsmokers.75 Of the 90 Caucasian patients, 31.1%
were IL-1 genotype positive. Patients were stratified
according to smoking history. There were 14 heavy
smokers (20 cigarettes per day), 14 moderate smokers
(5 to 19 cigarettes per day), 23 former smokers (smok-
ing cessation > 5 years), and 39 nonsmokers. Signifi-
cant differences in marginal bone loss between heavy
smokers and nonsmokers were found for the IL-1
genotype-positive group but not for the IL-1 geno-
type-negative group. The authors suggested that
there is a synergistic effect of smoking and the car-
riage of the IL-1 gene polymorphism resulting in an
increased risk for peri-implant bone loss.

Gruica et al also investigated the impact of the IL-1
genotype and smoking status on peri-implant tissues
in a retrospective study of 292 implants which had
been in function for at least 8 years. Late biologic
complications were observed around 51 implants in
34 patients, while 241 implants had survived without
any biologic complications. An association between
heavy smokers with a positive IL-1 genotype and
peri-implantitis was observed.76 Jansson et al also
found a statistically significant synergistic effect of IL-
1 genotype and smoking, and reported an increased
risk of early implant failure.74

In a study examining the influence of the IL-1 recep-
tor antagonist genotype, Laine et al found a statistically
significant association of this genotype with peri-
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implantitis.73 In the multivariate analysis, this study also
reported a statistically significant association between
smoking and peri-implantitis (odds ratio 3.6, 95% CI: 1.5
to 8.8; P = .004), where smokers were classified as indi-
viduals who were current or former smokers.

Effect of Smoking on the Outcomes of 
Peri-implantitis Treatment
In a 5-year follow-up study of patients treated for
advanced peri-implantitis, cigarette smoking was
found to have a negative effect on treatment out-
come. Six of the seven implants that failed due to per-
sistent peri-implantitis were in smokers.77

Effect of a Smoking Cessation Protocol on
Implant Outcomes
There is one study evaluating the effect of a smoking
cessation protocol on implant outcomes.78 Bain
reported that smokers had 1.69 times higher inci-
dence of early implant failures compared to patients
who had never smoked or who had stopped smoking
at least 1 week prior to and 8 weeks following
implant surgery.78

RESULTS: SMOKING COMBINED WITH A 
HISTORY OF TREATED PERIODONTITIS

A number of studies have evaluated the effect of
smoking in patients who have a history of treated
periodontitis.20,42,74,75,79–83 Hazard ratios for implant
failure of 3.1,83 2.6,20 and 2.242 have been reported in
smokers with a history of treated periodontitis. In
patients with a history of treated periodontitis, Jans-
son et al reported that smoking resulted in statisti-
cally significantly higher early implant failure rates in
smokers compared to nonsmokers.74

Feloutzis et al reported statistically significantly
greater bone loss in patients with a history of treated
chronic periodontitis who smoked more than 20 cig-
arettes per day compared to those who didn’t smoke
or who were former smokers.75 Similarly, Wennström
et al found that patients with a history of treated peri-
odontitis who were smokers had more bone loss
than similar nonsmokers.82 Malo et al reported a 1-
year mean bone loss of 1.0 ± 1.0 mm at implants
placed in immediate function in 81 patients with a
history of treated periodontitis.81 In the same study,
45 patients with a history of treated periodontitis
who smoked had a mean bone loss of 1.2 ± 0.9 mm.

Machtei et al80 found no statistically significant dif-
ference in implant failure between smokers and non-
smokers who received dental implants for immediate
fixed restorations and had a history of treated perio-
dontitis. Machtei et al79 evaluated implants placed in

previously failed sites in patients with a history of
treated periodontitis and found no statistically signif-
icant difference between smokers and nonsmokers.

Main Findings of Cohort Studies with Subgroups
of Smokers and Nonsmokers (Table 3) 

1. Of the 59 studies reporting on implant survival, the
majority reported a statistically significantly higher
survival rate for implants placed in nonsmokers
compared with smokers. Only 17 studies reported
no significant difference between smokers and
nonsmokers.11,14,17,54,58,59,65,74,79,80,84–90

2. The majority of studies showed implant survival
rates in smokers of 80% to 96%.

3. Implant survival rates in smokers ranged from
61.54% to 100% in nonaugmented bone without
sinus elevation.

4. Odds ratios for implant failure in smokers ranged
from 2.03 to 6.89.

5. Six of seven studies showed that cigarette smok-
ing is detrimental to the success and survival of
implants placed in grafted maxillary sinuses.

6. In smokers, the implant success rates ranged from
43% to 98.3%.

7. Six cohort studies reported a dose effect of ciga-
rette smoking.

8. There are limited data on the survival and success
rates of implants in former smokers.

9. There is conflicting evidence that smoking
adversely affects initial osseointegration as mea-
sured by early implant failures.

Main Findings of Cohort Studies Evaluating
Risk of Peri-implantitis (Table 4) 

1. Of the six studies reporting on the occurrence of
peri-implantitis, five reported a statistically signifi-
cantly higher risk for smokers compared to non-
smokers.29,73,76,91,92 Reported odds ratios ranged
from 3.6 to 4.6.

2. Studies reporting on the occurrence of peri-implan-
titis had a follow-up ranging from 1 to 14 years.

Main Findings of Cohort Studies Evaluating
Risk of Marginal Bone Loss (Table 5)

1. Of the 22 studies reporting on marginal support-
ing bone loss, 18 reported a statistically signifi-
cantly greater risk of bone loss over time in
patients who smoked.

2. Odds ratios for progressive bone loss ranged from
1.95 to 10 in smokers.

3. Studies reporting on marginal bone loss had a fol-
low-up time ranging from 1 to 24 years.
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DISCUSSION AND CONCLUSIONS

Our current understanding from the literature is that
there are similarities between the etiology and
pathogenesis of periodontitis and peri-implantitis
(Heitz-Mayfield and Lang 2009, in preparation). There-
fore, it is perhaps not surprising that many of the
studies identified in this review report lower implant
survival and/or success rates in individuals with a his-
tory of treated periodontitis compared to individuals
without a history of periodontitis. While implant
placement in patients with a history of treated peri-
odontitis is not contraindicated, with the majority of
studies reporting implant survival > 90% over a
period of 3 to 16 years, there is an increased risk of
peri-implantitis (reported odds ratios 3.1 to 4.7).

The same putative pathogens associated with
periodontitis have been identified in high numbers
and proportions in peri-implantitis sites.93–95 Micro-
bial colonization following implant placement has
been shown to occur within a short period of time,
and the composition of the microbiota within the
peri-implant sulcus is similar to that found at neigh-
boring teeth in partially dentate patients.40,96,97 This
underlines the importance of successful treatment of
periodontitis prior to implant placement and individ-
ualized maintenance care following implant treat-
ment. The definition of successful periodontal
treatment and the influence of the periodontal status
of the dentition at the time of implant placement
need to be addressed in future research.

Smoking is a risk factor for general health and oral
health. Smoking has a long-term chronic effect on
many aspects of the inflammatory and immune sys-
tems. The deleterious effects of smoking include
impaired wound healing, reduced collagen produc-
tion, impaired fibroblast function, reduced peripheral
circulation, and compromised function of neutrophils
and macrophages.98 The biologic processes involved
in osseointegration and maintenance of peri-implant
bone levels are likely affected by tobacco smoking,
providing an explanation for the lower implant sur-
vival and success in smokers.

While cigarette smoking is not an absolute con-
traindication for implant placement, with the major-
ity of studies reporting implant survival in the range
of 80% to 96%, smokers should be informed that
there is an increased risk of implant loss and peri-
implantitis (reported odds ratios for peri-implantitis
3.6 to 4.6). Future studies are required to assess the
effect of dose and duration of cigarette smoking on
implant outcomes.

The link between smoking and periodontitis is
well established. Smokers have a greater risk for pro-
gression of periodontitis.99 As patients who have a

history of periodontitis may also be smokers, multi-
variate analyses are required to appropriately assess
these risk factors. Further research is required to
determine the risk of cigarette smoking and a history
of periodontitis combined.
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