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Abstract

Introduction 

 There are numerous studies in the published literature that report 
on the increased risk of implant complications and failure in patients 
who smoke. An association between dental implants, grafting proce-
dures (e.g. bone grafts maxillary sinus augmentation) and smoking 
history has been reported in the literature.  Cigarette smoking may 
adversely affect wound healing and thus, jeopardize the success of 
bone grafting and dental implantation.

Aim

The aim of the present study was to conduct a critical review to eval-
uate the effects of a dose dependent impact of smoking on the success 
or failure of dental implants.

Method

 A systematic search of the electronic databases and subsequent hand 
searching of the relevant articles published in English was performed 
and resulted in 60 papers. Of the 60 papers identified by this process, 
only eight studies were included in the review, based on the inclusion 
and exclusion criteria.

Results

The included studies compared the effects of smoking on both mar-
ginal bone loss and implant failure. Four out of five studies reported a 
strong correlation between smoking and an increased risk of implant 
failure. However, only two of the four studies reported on whether 
the risk of implant failure was affected by the quantity of daily cig-
arette consumption. Furthermore, of the three studies that analysed 
the effect of smoking on marginal bone loss, only two studies report-

ed an increase in bone loss in smokers. None of the included studies 
demonstrated any correlation between smoking dose and increased 
marginal bone loss around a dental implant. The results suggested 
that there are limited evidenced-based data regarding the establish-
ment a relationship between the quantity of cigarette consumption 
(in terms of smoking dose) and its effect on dental implant failure. 
There appeared to be limited data on clinical dental implant protocols 
regarding the acceptance of smokers in terms of a dose-related risk 
when considering patient suitability for implant placement.

Conclusions

The results from these studies included in the present review would 
therefore emphasize the importance of a patient’s smoking status and 
the necessity of assessment and their ability to comply with profes-
sional recommendations, including oral hygiene instructions, prior to 
any implant treatment planning procedure. The patient should also be 
advised of the possibility of a poor prognosis following implant place-
ment in patients who smoke, particularly in the maxillary region and 
in advanced surgical techniques e.g., sinus lift or bone regeneration. 
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Increasing the predictability of the success of dental implants, select-
ing the choice of implant type and minimising the risk of subsequent 
peri-implantitis are therefore important reasons why patients should 
be advised and encouraged to permanently stop smoking. 

Introduction

There are numerous studies in the published literature that report on 
the increased risk of implant complications and failures in patients 
who smoke. An association between dental implants, grafting proce-
dures (e.g. bone grafts, maxillary sinuses augmentation), and history 
of smoking has been reported [1-8]. Cigarette smoking may adversely 
affect wound healing and thus, jeopardize the success of bone graft-
ing and dental implantation [5, 7]. Heat as well as the toxic by-prod-
ucts of cigarette smoking, for example, nicotine, carbon monoxide, 
and hydrogen cyanide, have been implicated as risk factors for im-
paired healing, and, therefore may affect the success and survival of 
the dental implant due to the complications that may arise following 
these surgical procedures [5, 7-9].  The present guidelines indicate 
that patients who smoke should be warned by the Dental Profession-
al regarding the increased risk of implant failure in smokers [10-11]. 
There does not however, appear to be any report on the real effect of 
smoking in terms of a dose dependent effect, or whether there are any 
evidenced-based recommendations on the minimum number of ciga-
rettes that a smoker can smoke without any major negative impact on 
the survival rates on dental implants.

Aim

The aim of the present study therefore was to conduct a critical review 
using established search criteria to evaluate the effects of a dose depen-
dent impact of smoking on the success or failure of dental implants. 

Method

Study selection criteria and type of study

Inclusion criteria

1)	 Systematic reviews, meta-analysis, randomized clinical trials, 
prospective or retrospective clinical studies, cohort studies or 
case-control studies that were published in English since 1993.

Exclusion criteria

1)	 Review papers and case reports were excluded from the review.

Participants 

Inclusion criteria

1)	 Medically healthy patients who smoke, and are fully/partially eden-
tulous and had implant placement.

2)	 Studies involving patients who smoke and that report on the quan-
tity of smoking.

Exclusion criteria

1)	 Studies that reported on implant placement in medically compro-
mised patients who smoked.

2)	 Studies that did not report on the quantity (dose) of cigarette 
smoking.

Types of Intervention 

Inclusion Criteria

1)	 Single or multiple dental implant placement studies.

Exclusion Criteria

1)	 Studies reporting on mini implant placement.

2)	 Studies involving zygomatic implants were excluded.

Types of Outcome Measures 

1)	 Studies that reported the outcome of implant therapy in both 
smoker and non-smoker patients as success, survival, failure or im-
plant loss and bone loss around the implants.

Search Strategy

A computer-based literature search conducted in electronic databases 
from MEDLINE-PubMed, Cochrane library and NICE up to the 1st of 
August 2013. The combination of search terms was used: Dental im-
plant/Dental implant success, survival, failure or loss/Peri-implanti-
tis/Smoking, Cigarette, tobacco/Smoking cessation/Dose of smoking. 
Additionally, hand search of journals and references from previously 
published review articles and relevant publications was also conduct-
ed. 
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Method of Review and Study Selection

The titles identified during the initial electronic search from MED-
LINE-PubMed, Cochrane library and NICE database were 382, 36 
and 380 respectively. Additional hand searching of journal titles re-
sulted in 11 articles. A review of the abstracts and titles was conduct-
ed by AB (postgraduate student) who then obtained copies of all the 
relevant studies where available. Two of the three reviewers (AB, DC 
& DG) subsequently determined the eligibility of the papers and data 
extraction. Any differences as to the inclusion or exclusion of the ar-
ticles were resolved following discussion between AB, DC and DG. 
Fig.1 illustrates the screening and study inclusion process.

Quality Assessment of the Eligible Studies

The methodological quality of the studies included in the review was 
assessed according to the criteria of concealment of treatment alloca-
tion described in the Cochrane Handbook for Systematic Review of 
Intervention [12].The acceptance and rejection criteria for the inclu-
sion of relevant studies for the present review was discussed between 
the three reviewers (AB, DC, & DG) prior to the collation of papers. 
Allocation concealment for each study was rated as belonging to one 
of three categories: 

a) Adequately concealed (adequate methods to conceal allocation was 
described)

b) Concealment unclear (random allocation stated/indicated but the 
actual allocation concealment methods were not described or an ap-
parently adequate concealment scheme was reported but there was 
uncertainty whether allocation was adequately concealed)
c) Inadequately concealed (an inadequate method of allocation con-
cealment was described)

Blinding of study participants and investigators was also assessed as 
follows:

A: Double-blind (blind outcome assessment and use of placebo used)

B: Single-blind (a blind outcome assessment was stated and a placebo 
used)

C: Blinding indicated or reported (blind outcome assessment report-
ed but there is information that leads to suspicious/uncertainty about 
whether the examination was blind).

Due to the very limited data all studies that reported on the quantity of 
cigarette smoking were accepted as eligible for review prior to accep-
tance based on the inclusion and exclusion criteria.

Data extraction             

The following information was extracted from each study:

•	 Author’s family name, year of publication and study type

•	 Details of participants, including number of patients and implants, 
patient’s age, quantity of cigarette smoking 

•	 Details of intervention including implant site and follow up period

•	 Details of outcome report.

Results

A systematic search of the electronic databases and subsequent hand 
searching of Journals and References of the relevant articles published 
in English resulted in 60 papers. Of these 60 papers only 8 studies were 
considered acceptable, based on the selected inclusion and exclusion 
criteria, and these were subsequently included in the present study.

Excluded studies

Following a full text consideration of all the eligible papers, seven 
studies were excluded for the following reasons: 1).Outcomes report-
ed in medically compromised patients [13-14], 2) No control group 
[15], 3) Case series study [16] and 4) The number and/or quantity of 
cigarettes was not reported [17-19] (Fig. 1) 

Figure 1 - Flow diagram outlining the processes of screening and inclusion of 
included papers.
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Characteristics of Included Studies

The characteristics of studies meeting the inclusion criteria are summarized below in Table 1 [20-27].

Investigators Study design Follow up duration Total Participant No. Category of Study population Number of participants in 
each group

Lindquist et al. [20] Prospective 10 years 45 Non-smoker Smoking ≤14 
cigarettes/day Smoking>14 

cigarettes/day

Not specified for each group 
separately. (Smoker=21, 

non-smoker=24

Kan et al. [21] Retrospective 2-60 month 

(Mean=41.6 months)

60 Non-smokers Smokers with low 
cigarette consumption <15/

day Smokers with high cigarette 
consumption ≥15 cigarettes/day

Not specified for each group 
separately. (smoker=16, 

non-smoker=44)

Schwartz-Arad et al. 
[22]

Retrospective 6 months 261 Mild smokers consumed <10 
cigarettes per day Heavy smokers 
consumed >10 cigarettes per day

Not specified for each group 
separately. (smoker=89, 

non-smoker=172)

Feloutzis et al. [23] Retrospective 2-7 years 

(mean=5.6 years)

90 Non-smokers (NS) Former 
smokers (FS) Moderate smokers 

(MS)=5-19 cigarettes per 
day Heavy smokers (HS) =20 

cigarettes per day

NS=39

FS=23

HS=14

Gruica et al. [24] Prospective 8-15 years 180 Non Smoker (NS)

Former light smoker (FLS): Pa<20 
cigarettes per day

Former heavy smoker (FHS): ≥20 
cigarettes per day

Light smoker (LS): <20 cigarettes 
per day

Heavy smoker (HS): ≥20 cigarettes 
per day

Not specified for each group 
separately (smokers=53; 

non-smokers=127)

Deluca et al. [25] Retrospective 1-230 month 

(mean=59.8 months)

464 Non smoker

Smoker ≤ 5 cigarettes per day

Smoking 6-14 cigarettes per day

Smoking≥15 cigarettes per day

Not specified for each 
group, separately at patient 

level

Noguerol et al. [26] Retrospective 10 years 316 Non smoker

Smoker of 1-10 cigarettes per day

Smoker of 11-20 cigarettes per 
day

Smoker of ≥20 cigarettes per day

Not specified for each group 
separately

Levin & Schwartz-
Arad [27]

Retrospective 5 years 646 Non-smokers

Past smokers

Current smokers >5 cigarettes 
per day

N=49

N=5

N=6

Table 1: Characteristics of included studies
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Analysis of the Included Studies 

Study design and follow up duration

All the included studies were cohort studies, only two studies were 
identified as prospective studies [20, 24] and the remaining studies 
were retrospective studies [21-23, 25-27] (Table 1). No randomized 
clinical trials were however included for analysis in the present re-
view. All the included studies reported variable follow up periods, for 
example from 1 month to 15 years. The duration of the follow up pe-
riod of the 2 prospective studies ([20, 24] was 10 years and 8-15 years 
respectively whereas the duration of the follow up period for the ret-
rospective studies varied from ≤ 6 months [22] to up to 15 years ([21, 
23, 25-27]. (Table 1).

Study Population and Definitions of Smoker and Non-Smok-
er Groups

Each of the included studies used a different definition for the descrip-
tion of the smokers/non-smokers and this description varied from 
study to study, such as smokers, non-smokers, past smokers. For ex-
ample, the studies by Lindquist et al. [2] and Levin & Schwartz-Arad 
[27] included participants in the non-smoker category if they report-
ed that they never smoked, whereas DeLuca et al. [25] defined the 
non-smoker group as patients who either never smoked or who had 
stopped smoking one week before the implant placement and these in-
vestigators did not report any subsequent re-evaluation of the patients 
smoking status throughout the study. Kan et al. [21], Schwartz-Arad 
et al. [22], Noguerol et al.[26] failed to define the characteristics of the 
non-smoker group (Table 1). Furthermore, all these included studies 
had limitations in regard to the reported sample size in the smoker 
subgroups. For example, Levin & Schwartz-Arad [27] included only 
6 patients categorized as a current smoker whereas 44 patients were 
included in the non-smoker group (Table 1). 

Several of the included studies however, failed to include the number 
of patients in each of the groups [20-21, 26] or only presented the 
failure rates associated with the effects of smoking on an individual’s 
implant level when a patient may have received multiple implants [25]
(Table 1).

Randomization and Allocation Concealment

None of the included studies reported on the randomized patient al-
location. Two of the included studies [23, 27] reported blinding of the 
assessor at the data analysis stage. Feloutzis et al. [23] was the only 
included study to report having a calibrated examiner.

Risk of Bias Assessment

There are four main domains that were used to assess the risk of bias 
for purposes of the present critical review. For example, allocation 
concealment, blinding of outcome assessor, incomplete outcome data 
and selective reporting. Only one study by Lindquist et al. [20] was 
identified as having a low risk of bias, two of the studies [23, 25] were 
identified as unclear and the remaining five included studies ([21-22, 
24, 26-27]) were identified as having a high risk of bias. 

Outcome Assessment Criteria and Statistical Analysis

There were differences in the collection of the outcome variables in 
each of the included studies and the data was presented in the studies 
used different statistical analysis (Table 2). For example, the different 
clinical outcomes included 1) marginal bone loss around an implant, 
2) failure of the implant, 3) survival of the implant and 4) complica-
tion following implant placement (Tables 3-5). The heterogeneity in 
both the clinical outcomes and in the statistical techniques used to 
analyze the data from the included studies made a direct comparison 
of the results difficult (Tables 2-5). No meta-analysis was attempted in 
the present critical review. 

Only three studies [21, 25-26] reported the clinical outcome, as “im-
plant failure” although the criteria used to elucidate how the implant 
failed was different. For example, Kan et al. [21] used the Smith & 
Zarb [28] success criteria to determine implant failure whereas Nogu-
erol et al.[26] reported implant failure when the implant was removed 
for any reason. DeLuca et al.[25] however, failed to report which im-
plant failure criteria was used in their study. Schwartz-Arad et al. [22], 
reported that ‘implant failure’ was when the implant failed during the 
surgical phase and the implant was subsequently removed. Several of 
the included studies reported on the complications arising from im-
plant placement, for example, in the study by Schwartz-Arad et al. [22] 
the reporting of the complications was divided into major and mi-
nor. A minor complication was when a spontaneous implant exposure 
without any surgical intervention occurred and a major complication 
was when there was a spontaneous implant exposure with a subse-
quent surgical procedure intervention (see Table 2).

DeLuca et al.[25] reported on both early and late implant failure based 
on the time of removal (before or after implant loading). The type of 
outcome assessment, criteria used for the assessment and reported 
statistical analysis is summarized in Table 2.
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Investigators Assessed outcome Criteria Reported statistical methods

Lindquist et al. [20] Marginal bone loss Radiographic bone level measurement Student’s t test, bivariable linear 
correlation, multiple linear regression, P 

value calculation for each variable

Kan et al. [21] Implant failure Smith & Zarb (1989) success criteria Cumulative success rate, long rank test, 
chi-square test

Schwartz-Arad et al. [22] Implant complication and failure Self-described criteria Analysis of variance test

Feloutzis et al. [23] Peri-implant bone loss Computerized radiographic bone level 
measurement

X2 test, student’s t test, multivariable 
linear regression, multivariate logistic 

regression, generalized estimating 
equation

Gruica et al. [24] Per-implant bone loss and 
complication

Radiographic bone level measurement, Self-
described criteria for biologic complication

Mean value, Mann-Whitney test 
(U-test), P value calculation, Bonferroni-

Holm test

Deluca et al. [25] Early and late implant failure and 
survival

Not specified Relative risk (RR), odds ratio (OR), 
Proportional Hazard Regression (PH 

Reg), univariate and bivariate survival 
analysis,

Noguerol et al. [26] Early implant failure Implant removal due to any reason Bivariate analysis, multivariate logistic 
regression analysis,

Levin & Schwartz-Arad [27] Implant marginal bone loss, 
implant survival

Radiographic bone level measurement Student’s t test, cumulative survival rate

Table 2– Description of the clinical outcome, the criteria used and the type of statistical analysis conducted on the data collected from the included studies.

Description of the Results from the Included Studies: Ef-
fect of Smoking

Due to the heterogeneity of the various outcome reports from the 
included studies, only a comparison of the studies that reported on 
similar outcome measures will be compared in the following sec-
tion. Lindquist et al. [20] reported a mean marginal bone (MB) loss 
of 1mm throughout their study the MB loss in smokers which was 
twice that of non-smokers in a 10 year follow up period (Mean=0.6 
mm, P<0.001). Lindquist et al. [20] was the only study in the includ-
ed studies to analyze the effect of oral hygiene measures in both the 
smokers and non-smoker groups. Although these investigators result 

failed to demonstrate any relationship between the oral hygiene sta-
tus and MB loss in non-smokers, they reported on a significant effect 
of poor oral hygiene on MB loss (3 times more MB loss) in smokers 
group (P<0.001) when compared to the non-smokers group. Further-
more, a correlation coefficient analysis indicated that a patient who 
consumed (smoked) ≥14 cigarettes per day had poorer oral hygiene 
than an individual who smoked <14 cigarettes per day (P<0.01). The 
MB loss was reported to be statistically significant in smokers com-
pared to non-smokers however the mean clinical the mean value was 
a 0.6mm MB loss in 10 years. A reported overall 1% failure rate in the 
non-smoker group was also reported in this study (Table 3).

Investigators Effect of smoking on marginal bone (MB) Overall failure rate Smoker failure rate

Lindquist et al. [20] MB loss greater in smokers and correlated 
with amount of cigarette smoking

1% 0%

Feloutzis et al.[23] Greater MB loss in heavy smokers (>20 
cigarette per day)

Not specified Not specified

Gruica et al. [24] No association Not specified Not specified

Levin & Schwartz-Arad [27] Higher MB loss in current smokers Two implant failure (no percentage report) Not specified

Table 3– Reporting on peri-implant marginal bone loss in the included studies.
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 Feloutzis et al. [23] reported that heavy smokers (<20 cigarette 
per day) demonstrated a significantly increased marginal bone loss 
(mean=1.98 mm) (P<0.01) around the implants when compared 
to non-smokers (0.18 mm) and patients who stopped smoking 
(mean=0.24 mm). Gruica et al. [24] also reported that smoking has 
a significant effect on the marginal bone loss in patients with an IL-1 
genotype, but smoking alone was not associated with any pei-implant 
bone loss (P=0.09). These investigators reported on a significant as-
sociation between smoking and biological complications (p=0.0012), 
rather than MB level per se. Levin & Schwartz-Arad [27], observed a 
higher MB loss in current smokers when compared to former smok-
ers or non-smokers (P=0.031). The reported cumulative survival rate 
analysis however failed to show any association between smoking 
habits and implant survival (Table 3).

Several investigators [21, 25-26] assessed the implant failure rate in 
their studies. For example, Kan et al. [21] used a cumulative success 
rate (CSR) analysis and reported that non-smokers had a significant-

ly higher implant success rate (82.7%) when compared to smokers 
(65.3%) (P=0.027). The risk of failure in smokers was reported to be 
twice higher than in non-smokers however these investigators failed 
to demonstrate the smoking effect as being dose dependent. One 
should consider that all patients of this study had maxillary sinus 
graft that could potentially affect overall success and failure rate of 
implants. DeLuca et al. [25] also reported a significantly higher risk 
of early implant failure for a patient who was a smoker at the time of 
implant placement (3.6 % failure rate) and demonstrated that there 
was a direct relationship between the quantity of cigarette smoking 
and the implant failure rate.

Noguerol et al. [26] reported that there was a significant correlation 
between implant failure and smoking and patients who smoked >20 
cigarettes per day had a significantly increased risk of implant failure 
(OR=2.5, Confidence intervals of 95%= 1.3-4.79) when compared to 
lower quantity smokers (Table 4).

Investigators Non-smoker failure rate 
(percentage)

Smoker failure rate Report of correlation between quantity of smoking and 
implant failure

Kan et al. [21] 7% 17.1% No correlation

Deluca et al. [25] 13.33% 23.08% Direct relationship between quantity of smoking and 

failure

Noguerol et al. [26] 4.2 % 11% Direct relationship between quantity of smoking and 

failure

Table 4– Reported implant failure rate in the included studies

Schwartz-Arad et al. [22] assessed their study outcome based on the 
occurrence of complications (major and minor) and demonstrated 
a statistically significant difference between the complication rate in 
the smoking and non-smoking groups (P <0.05) (higher complication 
rates in smokers) although a dose dependent relationship was not ev-
ident. 

Reported Surgical Procedures in the Included Studies 

Five out of eight included studies did not report the use of a protocol 
for the surgical procedure that was conducted when placing a dental 
implant although three studies reported on the inclusion/exclusion 
criteria [22-23, 27].  Of those studies who reported using a protocol 
[22, 27] both studies used a surgical protocol described in previous 
studies by Schwartz-Arad et al. [29-32] and one study [25] reported 
using the 1985 Branemark protocol [33].

Five out of the eight included studies reported on the relationship be-
tween smoking and implant failure and 4/5 of these included studies 
demonstrated that smoking affected the implant failure rate. Never-
theless only 2/4 of the included studies [20, 26] reported that the neg-
ative effects of smoking on implant success/survival were dose depen-
dent (Table 5).

Only three out of the eight included studies reported on the effect of 
smoking on the peri-implant bone loss, of these three studies only two 
studies [23, 27] demonstrated any direct relationship between smok-
ing and increased marginal bone loss around the dental implant. None 
of these studies appeared to report any dose dependent relationship.
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Investigators Effect of smoking on implant failure Dose dependent effect of 
smoking on implant failure

Reported number of cigarettes per day as cut-off point

Lindquist et al. [20] + + >20 cigarette per day

Kan et al. [21] + - -

Schwartz-Arad et al. [22] - - -

DeLuca et al. [25] + - -

Noguerol et al.[26] + + >20 cigarette per day

Discussion

The evidence in the published literature regarding the adverse effects 
of smoking on the micro vasculature of the gingival tissue, host im-
mune response, wound healing, and bone density would suggest that 
smoking may affect the implant outcome and that patients who smoke 
have higher rates of implant failures when compared to non-smok-
ers [5, 7-9, 34]. However, there is a degree of controversy in the pub-
lished literature with regard to the dose dependence adverse effects 
of cigarette smoking on implant treatment. There is also limited data 
on the application of a smoking cessation protocol prior to implant 
placement although there is some evidence that would suggest imple-
mentation of a protocol may reduce the negative effects of smoking on 
implant complications and failure [2, 9].

The evidence from both past and current published papers implicat-
ed smoking as one of the prominent risk factors affecting the success 
rate of dental implants with only a handful of studies failing to es-
tablish a connection. Most of the studies report on the failure rate of 
implants in smokers as being more than twice of that in non-smokers 
[5]. Smoking also been demonstrated to have a strong influence on 
the complication rates of implants following placement [5]. For exam-
ple, there is significantly more marginal bone loss following implant 
placement and an increase in the incidence of peri-implantitis [5, 8]. 
It is therefore evident from the published literature that smokers have 
higher failure rates and complications following dental implantation 
and implant-related surgical procedures. From a practical viewpoint 
the clinician should advise their patients to follow a smoking cessation 
protocol, prior to any consideration of implant placement. For exam-
ple, the initial recommendations by Bain and Moy [1] would appear 
to suggest that long periods of abstinence are required. In the first in-
stance the patient should cease smoking for at least 1 week prior to the 
surgery to allow the reversal of the increased levels of platelet adhesion 
and blood viscosity, as well as the shorter-term effects associated with 
nicotine absorption. The patient should then continue to avoid tobac-
co for at least two months following implant placement, by which time 
the bone healing would have progressed to the osteoblastic phase and 
early Osseo integration would have been established [5]. One of the 
problems particularly when trying to alter any patient behaviour (par-

ticularly in smoking) is the resistance to any proposed changes that 
may be suggested by the clinician. Although this period of counselling 
may be perceived by some clinicians as unrealistic in terms of com-
pliance it does have a biologic rationale. It should be acknowledged 
however that these early recommendations by Bain & Moy [1] have 
not been substantiated by any published clinical research data.

The aim of the present study was therefore to conduct a critical review 
from the included studies investigating the effects of smoking and its 
quantity (in terms of daily consumption of cigarette smoking) on the 
outcome of dental implant success/failure. A secondary aim was to 
determine whether there are any evidenced-based protocols in the 
published literature that deal specifically with daily consumption of 
cigarettes as part of the inclusion/exclusion criteria prior to accept-
ing a patient who smokes for implant placement. Eight studies were 
included for analysis in the present study. One of the problems expe-
rienced however when analysing data from the included studies was 
the heterogeneity in all the included studies for example variations 
in the study design, outcome measures etc., which made any direct 
comparison with the studies difficult to complete. An additional ob-
servation was that none of the included studies reported any risk as-
sessment for their patients other than their smoking status. All the in-
cluded studies were conducted on medically healthy individuals, only 
one included study reported that all the participants had a positive 
history of periodontitis [23].A further observation from the included 
studies was there was a lack of a uniform protocol used in order to 
record all the clinical variables in the studies. For example, studies that 
conducted marginal bone level measurements (and any subsequent 
changes) around the implants 20, 23-24, 27] reported using different 
methods of bone level measurements as well as different radiographic 
techniques. These differences may have a confounding effect on the re-
ported end points and a subsequent comparison of these results with 
other included studies.

Only one study [21] used the success criteria as proposed by Smith & 
Zarb [28] to report on implant success/survival rates. The other seven 
included studies reported on the failure, complication or survival rate 
of the dental implant only. 

Table 5 - Description of the relationship between smoking and implant failure reported in the included studies
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The reporting of the use of a surgical protocol when placing an im-
plant was not consistently reported in the included studies. Of those 
included studies that provided a surgical protocol none of the studies 
recorded details of the patient inclusion/exclusion criteria. Although 
all the included studies reported on the quantity of smoking in their 
respective test groups, these groups however included a relatively 
small sample size in the smoker subgroups. Furthermore, some of 
the investigators failed to report any outcome for each of the smok-
ing subgroup separately reporting only the overall effect of smoking 
compared to the non-smoking group [22, 26-27]). Moreover, some of 
the studies only draw their conclusions in regard to the dose depen-
dent detrimental effects of smoking on dental implants whereas the 
other studies either did not include the number of patients in each 
group (20-21, 26] or they only presented failure results based on the 
effects of smoking at the individual implant level which may not nec-
essarily take into account of a participant receiving multiple implants 
[23, 25], Feloutzis et al. [23] also reported that heavy smokers (>20 
cigarette per day) demonstrated a significantly increased marginal 
bone loss (mean=1.98 mm) (P<0.01) around the implants when com-
pared to non-smokers (0.18 mm) and patients who stopped smoking 
(mean=0.24 mm). Additionally, all the participants in this study group 
had a previous history of periodontitis which could have affected the 
outcome results. Also in recording the oral hygiene status of patients 
these investigators used a full mouth bleeding on probing (BOP) 
score, which may not necessarily be a reliable measurement in patients 
who smoke since they had reduced gingival bleeding due to the effect 
of nicotine. Kan et al. [21] used a cumulative success rate (CSR) anal-
ysis and reported that non-smokers had a significantly higher implant 
success rate (82.7%) when compared to smokers (65.3%) (P=0.027). 
The risk of failure in smokers was reported to be twice higher than 
in non-smokers however these investigators failed to demonstrate the 
smoking effect as being dose dependent. Additionally, the included 
studies reported a variation in defining the groups, for example, smok-
ers, past/former smokers and present smokers differently and it was 
evident when comparing the data from the included groups there was 
no universally agreed protocol used to accept a specific definition on 
the patient’s smoking/non-smoking status. Furthermore, the defini-
tion used in the included studies to define patients who had stopped 
smoking was reported differently in each of the studies. None of the 
included groups reported any subsequent reassessment of the smok-
ing status smoking during the study. None of the included studies 
evaluated clinical parameters to report the outcome or long-term as-
sessment. For example, none of the included studies reported on the 
clinical parameters relating to peri-implant disease (peri-implantitis 
or peri-mucositis) and all the included studies were based on report-
ing failure (surrogate outcome) of the dental implant. Only one study 
by Lindquist et al. [20], reported on the patient’s oral hygiene mea-
sures throughout the study and it was therefore evident from the data 
recorded in the other included studies that oral hygiene status was 
not considered as a variable risk factor that may affect the implant 

success outcome. Feloutzis et al. [23] was the only included study that 
reported on the blinding of the assessors and any calibration of the 
examiners. None of the other included studies reported on blinding 
either of assessors or participants. It was therefore evident that a high 
risk of bias was present in most of the included studies. Although the 
prospective studies in the included studies provide a higher level of 
evidence in comparison to the retrospective studies, nevertheless this 
type of study may have limitations due to the difficulty of blinding, 
and randomization is not possible. Additionally, a larger sample size 
or a longer follow-up period may be necessary to determine the true 
(actual) effects of smoking on implant success or failure. Furthermore, 
it is evident that well conducted randomized clinical trials are needed 
to establish stronger evidence on the dose dependent effect of cigarette 
smoking and dental implants.

Although smoking has not been regarded as a contraindication for 
implant placement, there appears to be no clear guidelines for cli-
nicians with regard to a cut-off point of the daily cigarette dose for 
patients who smoke. Furthermore, there does not appear to be any 
evidence-based protocols for smoking cessation before and after im-
plant surgery. One of the problems may be that the published studies 
did not establish an acceptable or agreed definition of smoker, former 
smoker and non-smoker in relation to implant therapy. Furthermore, 
there appears to be limited data in regard to the exposure, dose and 
duration of smoking and their effects on implant survival and success 
although an association between heavy smoking and implant failure 
is supported and highlighted in the published literature. This limita-
tion may therefore present difficulties for clinicians in establishing a 
well-defined and sound protocol in regard to smoking when treating 
patients for implants. 
 
The results of the present critical review reported that there was a 
problem with the heterogeneity present in the included studies, which 
made it difficult to compare the outcomes from these studies.  Fur-
thermore, it was not possible to determine an ideal cut-off point in 
terms of the quantity of daily cigarette consumption, for a smoker to 
be eligible for inclusion in a clinical study evaluating the success or 
failure of implant placement. The present study also highlighted that 
there were no evidenced based clinical protocols recommended for he 
the inclusion or exclusion of smokers.

Conclusions

The results from these studies included in the present review would 
therefore emphasize the importance of a patient’s smoking status and 
the necessity of assessment and their ability to comply with profes-
sional recommendations, including oral hygiene instructions, prior to 
any implant treatment planning procedure. The patient should also be 
advised of the possibility of a poor prognosis following implant place-
ment in patients who smoke, particularly in the maxillary region and 
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