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Purpose: The aim of this review was to evaluate a history of treated periodontitis and smoking, both
alone and combined, as risk factors for adverse dental implant outcomes. Materials and Methods: A
literature search of MEDLINE (Ovid) and EMBASE from January 1, 1966, to June 30, 2008, was per-
formed, and the outcome variables implant survival, implant success, occurrence of peri-implantitis and
marginal bone loss were evaluated. Results: Considerable heterogeneity in study design was found,
and few studies accounted for confounding variables. For patients with a history of treated periodonti-
tis, the majority of studies reported implant survival rates > 90%. Three cohort studies showed a higher
risk of peri-implantitis in patients with a history of treated periodontitis compared with those without a
history of periodontitis (reported odds ratios from 3.1 to 4.7). In three of four systematic reviews, smok-
ing was found to be a significant risk for adverse implant outcome. While the majority of studies
reported implant survival rates ranging from 80% to 96% in smokers, most studies found statistically
significantly lower survival rates than for nonsmokers. Conclusions: There is an increased risk of peri-
implantitis in smokers compared with nonsmokers (reported odds ratios from 3.6 to 4.6). The combina-
tion of a history of treated periodontitis and smoking increases the risk of implant failure and

peri-implant bone loss. INT J ORAL MAXILLOFAC IMPLANTS 2009;24(suppL):39-68
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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.
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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 periimplants]). 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.'"® The systematic reviews vary in methodol-
ogy and inclusion criteria. Two papers carried out
meta-analyses,>® while six reported that meta-analy-
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sis was not possible due to heterogeneity of study
characteristics. Some systematic reviews assessed the
quality and risk of bias in the included studies.>368 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.’ Other authors compared
patients who had lost teeth due to periodontitis with
patients who had lost teeth due to nonperiodontal
reasons.'%! Three studies included immediate
implants placed in patients with periodontitis and
nonperiodontitis-related tooth extraction.’>-'4

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).'> One study
used the term recalcitrant periodontitis.'® 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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10 of 64 implants (15.6%) in nonsmokers failed.

No statistically significant difference between implant survival in smokers and

nonsmokers

bleeding on probing; TPS = titanium plasma sprayed; SLA = sandblasted large grit acid

CP = chronic periodontitis; AP = aggressive periodontitis; NR = not reported; SPT = supportive periodontal therapy; BOP

pocket probing depth, HR = hazard ratio.

retrospective; CSR = cumulative survival/success rate; PPD

prospective; Retrosp =

hydroxyapatite; AE = acid etched; Prosp

etched; HA

*Statistically significant difference as reported by the author.

a Study included in systematic review by Van der Weijden et al.® b Study included in systematic review by Karoussis et al.’" ¢ Study included in systematic review by Schou et al.6 d Study included in systematic
review by Quirynen et al.# e Study included in systematic review by Klokkevold and Han.® f Study included in systematic review by Ong et al.2 g Study included in systematic review by Al-Zahrani.” h Study

included in systematic review by Schou.”

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.'’~1?

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.'2021
Other studies used published success criteria, based
on clinical and radiographic parameters, as defined
by various authors.?22* The baseline reference time
point for success varied from the time of implant
placement?® to the time of loading?® to 1 year of
function. 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 al?’ 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 al'! reported on the incidence of peri-
implantitis, whereas the other studies reported on
the prevalence of implants or patients with peri-
implantitis.’828

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.'”"182° Other studies performed uni-
variate or bivariate analyses on smokers within the
population.'3%931 Several studies eliminated smoking
as a confounding factor by including only nonsmok-
ers in the study population,'830,32:33

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.? 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.>'"17.19
Two of these studies found a statistically significant
difference in survival associated with the patient'’s
periodontal status.'7/1?

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.'2>3132 Only one study, Karous-
sis et al,’" showed statistical significance.

Occurrence of peri-implantitis was reported in
three studies.'’?>28 Roos-Janséker et al*® and Karous-
sis'! 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.’

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.?

Implant Survival. A meta-analysis was performed
combining results from three cohort studies®'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% Cl: 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% Cl: 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,’ 193132 3 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% Cl:—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% Cl: 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.”> No
meta-analysis was performed. Four of the 15 studies
were cohort studies including both periodontitis and
nonperiodontitis patients.’?>3132 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.* 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 used'"'%2> or when
supportive periodontal therapy was not provided,’
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
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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 review®
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.>!" 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% Cl: 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% Cl: 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 Schou” 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.®2 Of the four selected
papers, two were cohort studies,®'" and two were
observational studies evaluating only patients with a
history of treated periodontitis.343> 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.

Al-Zahrani (2008). This systematic review
addressed the survival and success of implants
placed in patients treated for aggressive periodon-
titis.” Nine studies were included, four of which
were case reports including fewer than 10

48 Volume 24, Supplement, 2009

patients.36-3° The remaining five studies included
one short-term observational report*® and four
comparative studies.

Of the four comparative studies, Mengel et al?*
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.3*

Mengel and Flores-de-Jacoby3? 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.3?

In another publication, Mengel and Flores-de-
Jacoby?3 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.3

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.’*17/1?
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.!!

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, 11182529 three found a statistically significantly
greater risk of peri-implantitis in patients with a his-
tory of treated periodontitis.’"'82° 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.>*!

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, 30323341

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.?%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.34344 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.*

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.*® A number of studies

The International Journal of Oral & Maxillofacial Implants 49



Heitz-Mayfield/Huynh-Ba

(a) 0TZ'=d (E0°L 03 6G°0 310 %G6) E0°T YO

awaoe|d yuejdwi pue yeig snuis

90B4INS pauin]

1G€ =d (T¥'€ 01 GO0 :10 %SG6) T¥'0 YO

(9) uoneudsWINne UONREIBPISUOD 03Ul Su e} INOYUM elep Juedw|
Buipeo| 0y Joud sainjiey |y

SN pue S Usamiaqg a0UaJalp uedlIudIs Ajjeonsnels oN

2oeyINns 3y

6.0"=d (9€°C 01 60 10 %S6) 9t'T YO

(g) uoneluswgne uonelapisuod 01Ul guyel INoyum erep uejdwi
uawom |esnedouaw}sod

SSO| 9UOQ WW {7 S (LIS} SS820NS

S2IN1UBPISAQD

syue|dwi |eolIPUIIAD ‘90e)INS YH

61" =d (9T°C 03 89°0 :10 %SG6) TZ'T YO

sJ101eJ9d0 JUBIBHIP 08

3V ‘Sd1 ‘@oeyins pauiny

1,00 =d (FE'0T 01 0G'T 110 %S6) £6°C YO

(0) uoneluswgne uonelapisuod 01Ul guyel INoyum erep uejdwi|
1090304d UONESSaI FuoWS DS

90B4INS pauin]

99'GT =d (20'G 0 6T°0 110 %S6) 86°0 O

SN PUB S U8aMIa( [BAIAINS Ul 93UBIBLIp JURDIHIUBIS A|[RO1ISIIEIS ON
9oe4INs pauinl/yYH

/G0 =d (98°G

01 9%°'T 110 %S6) ¢6'C YO (Q) uoneuswsne Inoyum eiep pajeai-jusiied
TOO =d (TT'€ 0 ZE'T 10 %S6) €0'C YO

(g) uoneuswdne uonReIaPISUD 01Ul Fuel INoyum erep Juedw|
4N :90ejNg

€70 =d (L8'TE

0} 7G°T ‘10 %G6) 68°9 YO (q) uonerusWSNe INOYLUM B1ep palejallusiied
¥T0 =d (TO'6T 0} LG'T 10 %G6) 9t7°'G HO

(g) uonejuswgdne uonelapisuod ol unyel INoyum eyep juejdwi|
2oe4INns pauin|

el|IxelN

TO00 =d (ZL°€ 0} ¥L°T 110 %G6) ST O

(9) uoneuswdne uonReIaPISUOD 01Ul Fuel INoyuM erep uedw|
y18ua| Juejdwi %0G < SSO| dU0q 10 SSO| Juejdwi Se paulyap ainjied
90B4INS pauin]

sjuswuwo

Azt

kg

AL

ko-g

A9

AT >

Ae

Suipeo|
01 Jold

AT
Buipeo|
0} Jold

kgordn

dn-mojjo4

4N

4N

4N

4SO %18

4SO %CS

4N

4N

%6C 78
%C9' V8

4N

dN

4N

§S999NS
yuejdwy

%S'V6
%L°09

%C'86
%00T

%63°C6
%L¥°06

dN

%88°06
%L1°68

%CE V6
%vC'88
%¥ST9

%6C' 78
%C9'18

%L'96
*%G €6

%8G5°L6
%90°98

%8'86
%EBT6

%56
*x%68

|eAlnmns
yuejdwy

€L (014

43 8

79T efe]

ele] 6T

vce

9CT 1210} 9TT

S

9 |e101 €

0LS

LGT [e10) 08€

9LT

143

€T 12101 8/

69

T 1210} O€E

ocr'T 8¢c

99 Z8

99T S

8L )

08T

06¢€ |10} OvS
sjuejdwy sjuaned

JO "ON Jo "ON

S4/SN

SN

SN

SN

SN

SN
0s

SN

SN

SN

SN

SN
S

paipnis
sjusned

dsoney

dsold

dsonay

dsold

dsonay

dsoid

dsoney

dsoney

dsonay

dsonay

ugisaq

oge
00(666T) 43119K

oq
05(666T) Jopunio

pPg
¢71(866T) MSUIN

o}
z17(866T) U0osieM

oe
717(966T) dSUIN

oe
5,(966T) uteg

oe
vaOOOHV wcm>>

qe
0s(766T) Uewion

aqe
sv(766T) uAnig g

aqe
oy(€66T) Uleg

(uoneaiqnd jo seak
pue Joyjne is1y) Apms

$S329N§ pue

|eAIAInS juejdwi] padnpay 10} 103edipu] Ysiy e se Supjows Sunenjeas ‘(SN) s19qowsuoN pue (s) siayows jo dnoigqns e Suipnjouj ‘saipn}s Moyos € ajqel

50 Volume 24, Supplement, 2009



Group 1

Y10 =d (TT'8L O ¥T'T 110 %SG6) G¥'6 HO

(q) A103S1Yy Bu{OWS Yim paleloosse sain|ied

Juswaoe|d yuejdwi pagels 410 snoaueynwis pue syess snuis
90B4INS pauIn ‘vH

700" =d (G0'C 0} ¥T'T 310 %G6) EG'T YO

(9) uoneudBWZNE UONREIBPISUOD 03Ul SuE} INOYUM elep Juedw|
sIsay}soid JO uolIasul 810j9q 0} 3UlIBAOIUN JO BWIY

w04 [1e) 03 Aj9y1| 810w SaWIl 9'g SJayows ul syuejdwi :ainjie) uejdwi Ajue3
pajeoduou/pareod-yH

SJI9YOWS Ul ainjiey 0} 9|q1ndaosns ajow (ww QT S) sueidwi 18y0ys
1€0"=d (T6'9 01 ¥0'T 110 %S6) 89'C 4O

(q) uoneyuswgne uonelapisuod ojul unjel INoyum eyep juejdwi
90B4INS pauin]

TTG =d (¥9°'8T 03} LT°0 ‘10 %S6) 08°T ¥O

(9) uoneudsWZNne UONREIBPISUOD 03Ul SuE} INOYUM elep Juedw|
S pue SN usamiaq pawJoyiad sonsiels oN

2oeLINs pauinl/H

siipuopolad 0} anp pajoeIIXa Y1edl GT

S9)IS Jejow ul syuejdwi ayelpaww|

GO0 =d (E€'6 0} 6ET 10 %S56) 09°€ HO

(9) uoneuswWIne uoneIBPISUOD 03Ul Suel INoYUM erep Juedw|
sjue|dwi olwess)

SSO| 9U0Q WW {7 S :BLISYIO SS920NS

suoneloysal yueldwi-a|3ulS

sjue|dwi |eaupuljAo ‘@oens yH

G20 =d (9G°G 0 CT'T 110 %G6) G'T 40

dY e yum ainjiey yuejdwi 0 payejas Apueoiyiudis Aj[eonsnels sem gupjows
SS0| 8U0Qq %0G 40 SSO| Jue|dwl se paulyap ainjies ueldw|

SS0| OU Yum spuaied ge 01 pasedwod sso| Juejdwi yum syuaned sz
90BJINS Sd] ‘pauin]

CTO =d (8899 0} ¥T°C 10 %S6) ¢'TT HO

(g) uoneluswane 1NoyUM e1ep pale|aliudlied

100" =d (96'TT 0} 8E€'T 1D %S6) 90"t O

(g) uonejuswgne uonelapIsuod oul unjel INoyum eep juejdwi|
99eLINS Sd1/p81e02-YH

G6T =d (¥6'T 01 ¥0'0 10 %S6) 62°0 HO

() uonesw3ne INOYUM elep palejaliusaied

12€ =d (80°C 0} 6T°0 :10 %G6) ¥9°0 HO

(g) uoneudsWINne UoNREIBPISUOD 03Ul SuE} INOYUM elep Juedw|
SN PuB S USaMISQ 92UBJaIP JUBDIHUZIS A||eoNsliels oN

el|IXely

90B4INS pauin]

sjuaWWon

ow T/-G

Ae

Ay

(ow GT ueaw)
£gordn

Ay TT uesy

Ay-€

A0t 01dn

kg

AL

dn-mojjo4

%00T
%996
4N %16

%T0V6
4N *%VT'T6

%v0'€6

4N %EE'EB

4N dSIO %06
4N USO %EB

%C'L8

4N *%5'G9
%ET6 %00T
%01 %00T
4N 4N
%L°L6

N «%.LC'T6

%6'TL

dN %08
$S999NS  |BAIMNS
Juejdwy juejduwy

ge
(01
19

8C6'T
696

STT

cL

0S

GS

19

€¢
(0

4N

LT¢C
9ctT

[43
o€

sjyuejdwy
JO "ON

1e101 6¢

dN

6€
LT

1210} £

dN

1e101 9¢

Ge
LC

144
6T

€T
oT

sjuaned
JO "ON

SN
S4 q
S dsoiey #9(0002) UoSs|O
S4/SN oge
S dsoid 55(000T) Mequien
SN qe
s dsonay 25(000T) 82€IIBM
q
SN o11(0002)
S dsoney pely-z1emyos
SN q
S dsoid 15(0002) 98199

SN
S dsoid 92(666T) UOSIeM

SN
S dsoney 517(666T) UOS|IM
SN oge
S dsonay +17(666T) sauor
SN qe
S dsoid 45(666T) uAnig ag
paipmis ugisaq (uoneaijqnd jo 1eak
sjuaned pue Joyjne 3s1y) Apms

$S999Ng pue [eAlAng juejduwi

paonpay 10} 10}edipu| }siy e se Supjows Suienjeas ‘(SN) siayowsuoN pue (s) siayows jo dnoaggng e Suipnjauj ‘saipnis 304yoo pPanunuod g ajqer

The International Journal of Oral & Maxillofacial Implants 51



Heitz-Mayfield/Huynh-Ba

9T =d (8€'¥7 0} 2270 10 %G6) ¥8'T HO

(g) uoneudBWZNE UONEIBPISUOD OUI SuyE} INOYUM elep Jueldw|
:aJn|iey yuedwi Ajie3

90BINS VIS

Kep/senaiedio 0T < :siayows

TO00" =d (87°€ 01 99°C 110 %S6) 99°C YO

(g) uoneudBWZNE UONEIBPISUOD 03Ul SuE} INOYUM erep Juedw|
2INS0dxd M3.0S JOA0D ZUIPN|OUl SUOIIEIIIdWOI JO JBQUINN :SS929NS
Juswaoe|d ue|dwi pake|ap pue ajeipawiwl|

4N :90ejNg

20 =d (299 01 9T'T 10 %S6) 92°C ¥O

(9) (yoeoisdde pageirs pue snosueynuwis) Juswaoe|d Jueidwi pue snuis payels
99e4INs pauinl/yH

80 YH :Buijows jo AI0ISIH

' YH Joyows uaing

ain|iey yuejdwi

sisAjeue xo09 a1eleAlnA

90B4INS pauIn]

TOO" =d (6'98% 0} 9G°€ 110 %G6) L T HO e1ep pajejajuanied (q)
SI9Y0WS ¢ Ul duoqg pajuswdne ul asom syuejdwi pajies ||y

auoq pajyuswgne-uou pue pajyuswgne ul paoe|d syuejdw|

90BJINS Sd] ‘pauiny

160" =d (6EVT

01 68°0 110 %G6) 8G°€ YO () uoneswWSNe INOYIM BIep palejaliusiied
(%G'G) @injiej Juejdwi pey s1ayowsuou 89 a3 JO TE

(%G2) @injiej juejdwi pey s1eyows T 8y} Jo 6

“aln|ie) Jue|dwl Ul SISYOWSUOU PUB SISYOWS US9MIS0 80UILIP JUBDIIUSIS ON

*ainjiej ou yum suaned O pue ainjie) uejdwi AlJes yum syuaned O
aJnjie) yuejdwi Alue3

(Aep/senaledio Og 01 OT) Sioyows

90B4INS pauin]

TO00 =d (2'€9 0} €€°9 110 %S6) 0°0C YO

(a) saus psyels

69T =d (8T°9 03 G9°0 ‘10 %G6) TO'Z HO (Q) ellIXe\ SaHS paei3uoN
TO00 =d (CT'TT 0} €G°C 11D %S6) 0E'G YO

(g) uoneluswgne uonelapisuod 01Ul uyel INoyum elep uejdw)|
1ei3d snuis F/e|Ixe

e||Ixew paglosal Ajo1anes

90B4INS pauin]

TGO =d (€8'9 03 66°0 10 %G6) 9'C HO

(9) Juswaoe|d ue|dwi pue }eis snuis

sjuswuwo

Buipeo|
0} Jouid

Agordn

Agoyrdn

ow QT Ues|\

Ago-v

A193ins agels
-puodas 01 dn

Ag-¢

ke

dn-mojjo4

%186
%16

%69
F4%4

%0L°C8
%0€°59

4N

%00T
%EY

dN

dN

4N

$5920NS
yuejdwy

%1'86
%16

%86
%96

%¥0°c6
%98'C8

4N

%00T
%EY

4N

%SL°68
%60'9C
%89'88
%SG°6.L
%€ G6
*%1.'88

|eAIAINS
juejdwyg

16 68€
69¢ clL
cov clT
08¢ 68
89T 144
0L 9T
89
L 12101 GG
[474 cT
€T €
89
N ZT
8L €T
€c €
€39 et
144 8
19¢
29 4N
sjuejdwy sjuaned
J0 "ON 10 "ON

SN

S dsolid

SN

S dsonay

S4/SN

S dsonay

SN

S dsoiey

SN

S dsonay

SN

S dsoiey

SN

S ;e snuis

SN

S dsoid

S4/SN

S dsoiey
paipnis ugisaq
sjuaned

q
15(€00T) Jewny

ge g9(c002)
pely-zuemyos

aqe
5+(2002T) uey

1(T00T) Waxo3

q
¢o(T0O0T) PIRUABI

q
65(TO0T) WQasuoly

oge
29(T00T) Yiewpim
oge

1o(TO0T) SiNeH

(uoneaiqnd jo s1eak

pue Joyjne jsiy) Apms

§S399N§ pue [eAIAINS Juejdw]

pasnpay 10} 10)edipu| Ysiy e se Supjows Sunenjeas ‘(SN) siayowisuoN pue (s) s1ayows jo dnoigqns e Suipnjaouj ‘sajpn}s }oYyoH pPanuiuod ¢ ajqel

52 Volume 24, Supplement, 2009



Group 1

(SO" > d) 19A8] Juejdwi 8y} Uo Se [|am Se (TO" > d) [9A9] Jualied ay) uo

SJ9}OWSUOU UBY) SI9YOWS Ul pajie) syuejdwi aiow Ajpueoiiugis Ajjeansneis g17(2002) dioyo
90e4INS pauin] %70'66 €8 SN Se 110Yy09d swes
sjuaned snojnjuap3 Ag dN *%L9°L6 |e10} 6¢L 1514 S dsoid 0z1(7002) diouo

(92 0} 6°0 310 %G6) 9°C Bupjows YH
aJinjie) uejdw
|opow pJezey |euolriodoid X0
1dS Jejngay
90B4INS Sd 1 AoT UN UN N 85S¢ ovT dsonay 0z(#002) wnjoeg
19€ =d (CT'ET 0} €€°0 10 %S6) 80°'C HO
(g) uoneudBWZNE UONEIBPISUOD 03Ul SuE} INOYUM Blep Juedw|
papn|oul a1am sipuopoliad Jo A101SIY INOYHUM pue Yyum sjusned
suoneo||dwod 2130|01q Jo douUap
-10U] JO SS909NS ‘|BAIAINS 10} SN PUB S U9aMID] 90UaJa44Ip Juedliugis oN %8EL/ %Y 96 8 Ty SN oge
M3IOS MOJ|0Y 90BLINS Sd 1 Aot %8C ¥9 %98'C6 8¢ cT S dsoid 71(€002) sissnoiey
68, =d (L8'€019€°0 110 %S56) 8T'T 4O
(g) uoneudBWZNE UONEIBPISUOD 03Ul SuE} INOYUM Blep Juedw|
SJI9YOWSUOU PUB SI9YOWS USaMIDQ 90UBIBLIP URdILIUSIS ON %GZ'E6 €91 SN q
aoeLins psuing ke 4N %GT'C6 19 [e101 92 S dsoid g3(€002) WIuyosag
T°€ YH ainjiej juejdw]
sIsAjeue uoISsaigal X0 d1elleAl N
1°T "H ainjiej uejduwi
:SIsAjeue ajelealun
spiuoponad Jo A10ISIY e Yium siusied L6V SN
90elINS Sd1 ‘VH Agordn 4N 4N |e10} 617€'C JAC) S dsoney szr(2002) Buenug
€02 =d (GZ'G 0} £€9°0 110 %S6) ¢8'T HO
(0) uoneyuswane 1noyUM e1ep palejasiusaied
sain|ie; wuejdwi pey Siayowsuou 08 ay3 4o OT
saln|ie} Juejdwi pey SIMoWs € auy Jo L 08 SN q
20BlINS Sd1 e UN UN 1e101 TH ve S dsoney 18(C00T) eyooneusd
100" =d (61T 0} 0G'T :10 %S6) €L+ O
(q) uoneyusawgne INOYIM Blep palejaliuaiied
(900" > d) S18y0owWwsuouU uey) sainjie) alow Ajpuediiugis paodualadxa Sia)ows
SJ9YOWS aJ9M SaJn|ie) Yum syuaied GT Jo OT €8 SN q
oelins pauing kg 4N 4N [e101 62L 517 S dsolid g71(€002) dI0)O
€T0 =d (02°L 0} EE'T 110 %G6) O'E YO
(g) uoneudWZNE UONRERIBPISUOD 03Ul Suel INoYUM erep Juedw|
SJ9YOWS Ul Pa1indd0 sainjiey Jueidwi Aliea Jo paiyl-auQ UoI}09UU0d

:ainjie) uejdwi Aue3 wawinge %8T'86 LOT'T SN 15(2002)

20eyINs pauwing ordn HN %/.8' 76 oGT N S dsoid aygiaquasls uea

[STENTITE) dn-mojjo4 $s999NS |eAIAINS sjyuejdwy sjyuaned paipnis ugisaq (uoneaiqnd jo 1eak
juejdwy  juedwy Jo "ON Jo "oN sjyuaned pue Joyjne 3siiy) Apnis

$S929N§ pue [eAIAINS Juejdw]

paonpay 10} J0}edipu| }siy e se Supjows Sunenjeas ‘(SN) siayowsuoN pue (s) siayows jo dnois3qng e Suipnjouj ‘saipnis }0Yyoo panunuod g ajqer

The International Journal of Oral & Maxillofacial Implants 53



Heitz-Mayfield/Huynh-Ba

sJayows ul syuejdwi

90BJINS PauIN] pue Y3noJ UssmIad [BAIAINS Jue|dWl Ul 90UBIIP ON
(7€ =d) SN pue S UBBMIBY DOUBIBHIP JUBDIIUBIS ON

9oe4Ns ygnoi/pauing

Bulpeo| a1e|pawwl F (ow T %E 96 T09'T SN
1es3 ¥ uswaoeld uedwi s1elpawiw| uesw) A9 UN %Y 76 €ze |e10} T68 S dsonay +1(9002) 81oqualem
(umoys

10U B1EP) SI9YOoWS AABBY Ul Sain|ie) 810W PIEMO} pual) e pariodal sioyiny
ain|ie) yuejdwi pue Suiyows Uaamlaq Uoe[ali0d |eofIsiiels oN
uoieAs|d sSnuls ‘uolieluswsne auoq ove SN 55(G002)
Sdl ‘@dejins 3y ‘pauin| Agr ordn uN N 12101 £00°T 0€ S dsoney ueWISWIWST
adAjouag T-| pue Sup{owWsS JO 109}48 ONSISIBUAS
SJ9YOWSUOU Ul 3SO| 1am syue|dwl 99 Jo 8T
SI9YOWS Ul 1S0| a4am syue|dwi Ot 40 #T
's1oyows Ul sso| yuejdwl Jaygiy piemol puaiy e payodal sioyiny %ELTL 99 T SN
[eAIAINs Jueldwl 30944 ApuediyiuBis Jou pip Bujows AOT UN %G9 ov oT S dsonay (S00T) uossuer
(€0" =d) 6€'T Yy @injiey Juejdw|
:uoissaigal onsigo| asimdars
(€0 =d) 9G°T Yy @injiej juejdw
:sishleue ajeeAlun 196 SN
90BLINS pauIn] ATz-ow 9 N UN [210} 089'% €IT S dsonay ¢z1(5002) Ao
TTO =d (8T'9V 04 6L'T 10 %S6) 60'6 HO
(g) uoneuBWSNE INOYUM BIEP palelallusied
5T HY SIoyows ul |1e) 0} Ajox1] 21ow a1om syue|dw] sisAjeue ayeleAnny
TO" > d Sain|ie) pey Siayowsuou 8/ Jo €
sain|ie} pey sisyows GT JO ¢ 8/ SN q
SdL AT dN dN [e101 992 ST S dsoud 2z1(G00Z) Busyo
219G =d (1672 0y 20 ‘10 %S6) LT'T 4O
(g) uoneuBWSNE INOYIM BIEP palelallusiied
sain|ie) yueldwi pey (%G°ZT) SI9YoWsuou g€ JO ¥
saun|ie) Juejduwi pey (%E°GT) siefows €T JO ¢
8deLIns pauing [43 SN 9 ,4(7002)
Buipeo| uejdw syeIpaww| AT UN UN 1210} OGT €T S dsoud ayglaquasls uea
TOO" > d Sidows ul sso| Juejdwi Jayeasd Apuediiugis
swue|dwi syeipswwl %0T

||leoals Jein8ay (A 9" ueaw) 6E8 SN
90eJIns Sd1 AzTordn dN 4N €388 |e10) GOt S dsonay 121(#007) sianoy
[STIETITIT ) dn-mojjo4 SS990NS  |eAIANS sjyuejdwy sjuaned paipnys ugisaq (uoneaiqnd jo seak
yuejdwy yuejdwy JO "ON JO "ON sjuaned pue Joyjne 3siyy) Apn}s

§S399N§ pue [eAIAINS Juejdw]

pasnpay 10} 10)edipu| Ysiy e se Supjows Sunenjeas ‘(SN) si9yowisuoN pue (s) s1ayows jo dnoigqns e Suipnjouj ‘sajpn}s }oYyoH pPanuiuod ¢ ajqel

54 Volume 24, Supplement, 2009



Group 1

SI9YOWS UIYIIM sainjie) Jo Sulsisniy

(00" = d) 3ueduIugIS sem uoneinp Supows

‘usned swes sy} ulyum

SuoneAIasqo Jue|dwl JO Uone[a1109 SULIBPISUOD SISAlUR UOISSIZaI X0
(9€0" = d) sain|ie}

jueldwl Jo YSI pasealoul pue Suiows JO UOREeINP USdMIa( UoI}eIo0SSe
JueolIuBIS usned Jad Juejdw) T J0) [9pOW U0ISSaIZal X0)) [LI0I0RMINIA
(€00" =d) S pue 54

(TOO" >d) S pue SN

(90" =d) S4 pue SN

U99M)a( 20UdIBLIP JUBDLIUBIS A|[eonSelS

sl9yowsuou pue

SI9YOWS UdaMIaq ain|iey Juedwi Ul 9oualalp JuedlUgIS A||eonsiels oN
Juswooe|d juedw] SNOBUBYNWIS pUB UoleIUBWSNE ShuIS

aoeLns y3nol ‘vH

siiuopouad

10} pajealy syuaned ul sainjiey AlJea 210w 10y AOUdpUS) B PAMOYS SISAleuy
:papn|oul syuaned ouaduou pue oldd

(6.7 0} €T 110 %G6) G'C HO

Kep Jad sana.iedio 0z < Suows :ainjie) Juejdwi AlJe3 :jlopow a1eleAnR|nin
ainjiey uejdwi

Allea uo 109)40 JUueOIUSIS A|[eonSelS B pey Suijows ([opow aielieAlg
aJnjie) yuejdwi Aue3

20e}INS pauiny

ain|ie) Juejdwi yum pajeroosse Ajueaiiugdis A||eansiiels 1ou sem gupjows
(9 "O) snnuedwi-uad

(0T ¥"0) sso| suog

(8'Z YO) snisoonw uejdwi-iad :yim pajeloosse sem gupjows

(%EE ET) SIoyowsuou ueyl (%80°EZ) a1l ain|iey ||eJano Jaygdiy Apued
-1ug1S Aj|eonsnels e pey A193ins J0 SWIL SY) 1B SI9YOWS d1om OYM Slualied
T6'T Yy 101084

JuedlIugIS Ajjeonsiiels e sem A10isiy SUOWS :SISA[eUe [BAIAINS S1eLIBARINIA
T0°C HO

salin|iey Jueldw 81e| 40} 1030e)

UBOIIUBIS B sem (Sieak yoed Gz <) A101SIYy Bujows aA1Nsod  :Sain|ie) aie
69'T Yy ainjie) Ae3

Jojoe)

31S e sem A193Jns Jo awi} 18 SuowsS :SISA[eue [BAIAINS S}eLeANA
20e}INS pauin]

Z2°C = 8unjows YH :ainjiey uejdwi

1dS Jejngay

snnuoponad Jo A101S1y e yum siusied

90e)INs 1se|qol] ‘Sdl

sjyue|dw] snuis payelguoN

sjuswwoy

ow 0cT

A6

AoT

Av1-6

Aoz

Buipeo|
0} Joud

Aot ordn

dn-mojjo4

$5999NS
Juejduwy

%196
%1¥°06
4N %58

%186
4N %Y’L6

%8'G6
%C'96
%C 86
4N %68

4N 4N

%C0'86
%196

%1¥6°96
dN *%VL V6

4N 4N

|eAlAINS
jJuedwy

v6¢c
yAZ4
174

G0S'T
129

Tcs
8T
99T
6€C

1810} 666

SvO'T
14974

1B10} 29¢

sjpuejdwy
J0 "ON

€101 69T

S0S
9ce

€101 9T¢

08
18
AS]

G8¢
70T

G8¢
70T

1e101 89

sjpuaned
J0 'ON

SN

S4

S) dsoney 2:(9002) Iuniy

SN

S dsoney 59(9002) 891ed

SN

0T >S

0zZ-0T S

0c<S  dsonay 25(900¢) |01angoN

62(9002)

SN Joyesuer-sooy

Sd ,1(9002)

S Qwobmm Jayesuer-sooy

S4/SN

S

S4/SN

S dsoney 69(9002) eONT2@

SN

S dsonay 2+(900¢) pieesa||q
paipnis ugisaq (uonesijqnd jo 1eak
sjuanjed pue Joyjne isiy) Apms

$S399N§ pue [eAIAINS juejdw]

paonpay 104 103edipu| }siy e se Supjows suenjeay ‘(SN) sidyowsuoN pue (s) s1ayows jo dnois3qng e Suipnjouj ‘saipnis 3404oo pPanunuod g ajqer

The International Journal of Oral & Maxillofacial Implants 55



Heitz-Mayfield/Huynh-Ba

8C =d

ss0| ueldwi 0} uone|al ul JUBdIHUSIS A||EOISIIEIS J0U d1om SHaey Suijows
290BLINS PAZIPIX0/pauin|

*90UdJaY4Ip JuBdHIUBIS Aj|BONISIIEIS ON

sloyowsuou

ueyl sainjiey uejdwi AJea aiow Joj Aouspus) e pey siayows parodal sioyiny
aJn|ie) yuejdwi Alue3

99B4INS PazIPIXQ

T'TE YO SN/SH

G'6 40 SN/SIN

02 40 SN/S1

T'E€T YO SN/S

SIN pue SH usamiaq

1dooxa sdnoi3d Buowe ainjie) Juejdwi Ul 92UIBHIP JUBIJIUSBIS A[[eonsneIS
dn-moj|o4 Jejngay

2oeNns 3y

sjyue|dwi 1OYS Joj [BAIAINS Juejdwl Uo UIOWS JO dduUaN|jul JUBdJIUBIS
20eNS 3y

uoneswsane ¥ (Ww g ‘ww TT) syuejdwi Loys

2Wo091N0 Jueldwi 1094 Ajuediiugis Jou pip uows

2oeuNS 3y

sniuopolad Jo A101SIy e yum sjuaned

Aep Jad sanaledd OT < Se paulep Sujows

90BLINS PAZIPIXO

uipeo| a1eipawwi/ Juswaoe|d ssajde|{

TOO >d (¥S'¥ 0} €9'T 110 %S6) TL'C YO

sdnos3 gupjows

ou pue (Aep/senaiedio Og <) Sunows Areay UsamIaq adUdIYIP JUBJIHUSIS
aJnjie) uejdwi Alue3

20B4INS pauIn]

(S0" > d) sieows ul xapul Suipas|q snajns Jaygiy pue syidep Suiqoid Jadssq
uo11ed]|dwod 2130|010 OU—.LIB}ID SS999NS

Aep Jad senaledIo OT < SuBowsS Se Papiodal SIoYowS

$9s9Y1s0.4d paxly pue SainjuapIanQ

(Ma19S p110S/IapullAd MO||0Y,/MBIIS MO||0Y) 89BL1INS Sd1 ‘YH

SaJn|le) 2J0W pue S8SSIINS JoMd) AjuedlUBIS pey SIayows

1uawade|d Juejdwi a1eipawwi papn|ou|

syuejdwi 9(3uIs

STETITITIY,Y

¥4 UN
ow 9
uonda|uuod
juawinge  %88°86

oydn %YV 176

Ag N
ow
GG ordn UN
AT N
Ag UN
ow 9
uondauuod
juswinge
ordn N
AZT %116 ¥SO
01dn %8'G/L YSO
%8'17L
AT %#G"8Y
dn-mojjo4 ssa29ns
Juejduwy

%8'€6
%¥6'€6
%SY°'G8
%98'68

%8886
%YV 76

%LS'86
%EC 69
%88
%6°06
%C'¥8

%00T
%08

11eJ9A0 %06

4SO %6'86
4SO %C'TI8

%CL'96
%S6'C6
%6976
%SGT°96

%00T
%8768

%S6
*%6'CL

|eAIAInS
jJuejduwy

1210} $TG'T

€29
G6

0L
9¢
14
144
G6

|e101 syuejdwi
1ouys 69
o€
9
€T

1810} ZTC

1€101 9769
0€0'9
69€
oce
yx44

89
8¢

98T
ot

sjuejdwy
J0 "ON

T6€
[44
(014
61

1e30) €8¢

9¢

17
€
or

8TT
aT
€T

LT
€T

1€101 ¥00'C

1e101 ¢
98T
oT

sjuaned
40 "'ON

SN

0c<s

0c-0T S

0T >S dsoney

SN

S dsold

SN

SH

SN

ST

S dsonay

SN

S dsoid

SN

S4

S dsold

SN

S dsoid

SN

0c<s

0c-0T S

0T >S dsoney

SN

S dsonay

SN

S dsoney
paipn}s  ugisaqg
sjuaned

»(8002) Ipees|y

£5(80072) Ipees|y

0,(£002)
Zalad-zayoues

o011(L002) 19211218

08(£002) 191yoB N

80(L00T) euUUES

£5(2002) Ipees|y

cz1(2002T) uavhy

+21(2002) @1k0Q

(uoneoyjqnd jo seak
pue Joyne 3s1y) Apms

§5999N§ pue [eAIAINS Juejdw]

pasnpay 10} 10)edipu| Ysiy e se Supjows sunenjeas ‘(SN) siayowisuoN pue (s) s1ayows jo dnoigqns e Suipnjauj ‘sajpn}s }oYyoH pPanuiuod ¢ ajqel

56 Volume 24, Supplement, 2009



Group 1

¢'UBH pue ploAdYO[y AQ MalAel dlleulsisAs ul pepnioul Apnig o

o011 '[B 18 [9Z18111S AQ M8IABI D11BWSLSAS Ul papn|oul ApniS g

|8 18 8poulH AQ maeinal DI1eWelSAS Ul papnjoul Apnis e

'(g) pe1eaIpul Il o, |8 18 [8Z18111S AQ MeInel DlewelsAS syl woly 1o Jeded [eulblo syl WO} paulelqo elem ‘perussald aleym ‘solel sppQ

‘sloded [euiBLIO 8Y} Ul 8|qE[IBAR BIEP B} WO} POIEINO|ED 81oM ABY} ‘S81eJ [BAIAINS JO/pUB $S800NS 1Jodal Jou pIp sioyine ay} Usypn

‘sioyine Aq peniodal Se S1930WSUOU PUB SI9)OUS USaMIa( a0Ualaip JUedIHUBIS A||eO11SIIeIS

'sleaA = A !syjuow = ow !|02030.d UOI}ESSD Burjows = DS ‘papodal Jou = YN {[BAISIUI 80USPIIU0D = | ‘Ollel plezey = YH

Sl BAIlB|a) = YY ‘0l1el sppo = YO ‘euedeAxolpAy = yH peydle pioe = Jy 'paAesds ewse|d wniuel} = S| 1odous alelopow = S|A H1exows 1ybi| = 7 exows Areay = SH S19XOWSs Jowlo) = S

siypuopouiad Jo AI0ISIy B pey sainjie) yum siusned Jo %9'69
€T0" > d 81el [eAIANS

juejdwi JoMO| YHM pale|aliod Aiuesiugdis Ajjeonsiiels sem upjows (ow G
uonejusWSNe INoYIM pue yum padeld syuejduwj uelpaw) %E"66 88ty 6€8 SN
20e4InS YgNnou A|91esapo ow 65-¢ dN *%6'86 66C'T Tee S dsoney 921(8002) enuuy

(817" = d) SJ1eyowisuou

puEe SI9Y0WS Ul |BAIAINS Jue|dW] UaM1aq 9oUaIaLIp JURdIIUSIS ON
pajie} sieyowsuou Ul (%9°GT) siuejdwt ¢ Jo OT

pajie} s19ows ul (%0g) siuejdwi GT Jo €

1dS Jeingay
siuoponiad jo A1oysiH (owzF6'6C 9 S4
80B4INS pauin} ‘Jy ueaw) %t 78 ge SN
sous juejdwi pajie) Alsnoinaid ow g/-/ UN %08 1101 6. GT S dsoney 6.(8002) 183yoeN
gunjows yum uonodunfuod ut ainjies juejduwil SN %2996 TEV'T 'S SN
AlJea 1oy 9ouedlIUIS [BONNSIIEIS OU PAMOUYS SISAleue a)lelieAlq pue ajeleAlun Buipeo| aio4eg dN S%6TL6 /6T 9/ S dsoney 55(8002) INZIoAS
SsjuaWWo dn-mojjo4 $S999NS |eAIAINS sjyuejdwy sjyuaned paipn}s ugisaq (uoneaiqnd jo 1eak

juejdw| juejdwy J0 "ON J0 "ON sjuaned pue Joyyne 3siy) Apms

$S929N§ pue [eAIAINS Juejdwi]

paonpay 10} 10}edipu| Ysiy e se Supjows Sunenjeay ‘(SN) siayowsuoN pue (s) siayows jo dnois3qng e Suipnjou] ‘saipnis }0Yyoo panunuod g ajqel

The International Journal of Oral & Maxillofacial Implants 57



Heitz-Mayfield/Huynh-Ba

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.?” 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.*”

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.
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Main Findings of Systematic Reviews

Strietzel et al (2007). In this systematic review, any
patient who smoked was classified as a smoker.*4
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% Cl: 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% Cl: 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.?

Implant Survival. Fourteen studies included
implant survival data. A meta-analysis found the
pooled estimate for implant survival in smokers was
0.897 (95% Cl: 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% Cl: 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%
Cl: 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% Cl: 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% Cl: 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.** 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% Cl: 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.*® 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.*’
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.”° 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.>" Noguerol et al reported
that early implant failure (before loading) was signifi-
cantly associated with smoking habits.? Multivariate
analysis found a significant effect of smoking > 20 cig-
arettes per day (odds ratio 2.5,95% Cl: 1.3 to 4.79).

In a retrospective study of 6,946 turned surface
implants placed in 2004 patients, a significant differ-
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ence in early implant failure between heavy smokers
(> 20 cigarettes per day) and nonsmokers was
found.”3 In a cross-sectional analysis, Alsaadi et al
investigated potential factors associated with early
implant failure.>* 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.>

In contrast, Wallace et al found no statistically sig-
nificant effect of smoking in the early healing phases
following implant placement.>® Similarly, Kumar et
al®” and Sverzut et al*® found no statistically signifi-
cant difference in early failure rates between smokers
and nonsmokers. Kronstrém et al evaluated variables
associated with early implant failure.>® 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.*>69-%5 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.%> 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.5¢
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.'# 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.®” 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.®

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).% 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.5’ 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%).>3

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).”® 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%.7° Lindquist et al reported a dose-effect
relationship between tobacco use and peri-implant
marginal bone loss over a 10-year period.”!

Mundt et al considered the duration of smoking in
the analysis of long-term implant survival.”? 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.”?

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.”3-76 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.”> 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.”® 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.”*

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.”3 In the multivariate analysis, this study also
reported a statistically significant association between
smoking and peri-implantitis (odds ratio 3.6,95% Cl: 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.””

Effect of a Smoking Cessation Protocol on
Implant Outcomes

There is one study evaluating the effect of a smoking
cessation protocol on implant outcomes.”® 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.”®

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.2042747579-83 Hazard ratios for implant
failure of 3.1,83 2.6,%° and 2.2%? 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.”4

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.”> Similarly, Wennstrém
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.2’ 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 al®® 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 al’® evaluated implants placed in
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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,2%73769192 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.”3>=°> 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.*>%6°7 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.’® 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.’® 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.

REFERENCES

1. Al-Zahrani MS.Implant therapy in aggressive periodontitis patients: A
systematic review and clinical implications. Quintessence Int
2008;39:211-215.

2. OngCT,Ivanovski S,Needleman IG, et al. Systematic review of
implant outcomes in treated periodontitis subjects.J Clin Periodon-
tol 2008;35:438-462.

3. Klokkevold PR, Han TJ.How do smoking, diabetes, and periodontitis
affect outcomes of implant treatment? Int J Oral Maxillofac Implants
2007;22(suppl):173-202.

4. Quirynen M, Abarca M,Van Assche N, Nevins M, van Steenberghe D.
Impact of supportive periodontal therapy and implant surface
roughness on implant outcome in patients with a history of peri-
odontitis.J Clin Periodontol 2007;34:805-815.

5. Karoussis IK, Kotsovilis S, Fourmousis |. A comprehensive and critical
review of dental implant prognosis in periodontally compromised
partially edentulous patients.Clin Oral Implants Res 2007;6:669-679.

6. Schou S,Holmstrup P,Worthington HV, Esposito M. Outcome of
implant therapy in patients with previous tooth loss due to peri-
odontitis. Clin Oral Implants Res 2006;17(suppl 2):104-123.

7. Schou S.Implant treatment in periodontitis-susceptible patients: A
systematic review. J Oral Rehabil 2008;35(suppl 1):9-22.

8. Van der Weijden GA, van Bemmel KM, Renvert S.Implant therapy in
partially edentulous, periodontally compromised patients: A review.J
Clin Periodontol 2005;32:506-511.

9. Hardt CR, Grondahl K, Lekholm U, Wennstrém JL. Outcome of implant
therapy in relation to experienced loss of periodontal bone support:
A retrospective 5-year study.Clin Oral Implants Res 2002;13:488-494.

10. Cune MS, de Putter C.A single dimension statistical evaluation of pre-
dictors in implant-overdenture treatment.J Clin Periodontol
1996;23:425-431.

11.  Karoussis IK, Salvi GE, Heitz-Mayfield LJ, Bragger U,Hammerle CH,Lang
NP.Long-term implant prognosis in patients with and without a his-
tory of chronic periodontitis: A 10-year prospective cohort study of the
ITI Dental Implant System. Clin Oral Implants Res 2003;14:329-339.

12.  Polizzi G,Grunder U, Goene R, et al.Immediate and delayed implant
placement into extraction sockets: A 5-year report.Clin Implant Dent
Relat Res 2000;2:93-99.

13.  Rosenquist B, Grenthe B.Immediate placement of implants into
extraction sockets: Implant survival. Int J Oral Maxillofac Implants
1996;11:205-209.

14.  Wagenberg B, Froum SJ. A retrospective study of 1925 consecutively
placed immediate implants from 1988 to 2004. Int J Oral Maxillofac
Implants 2006;21:71-80.

15.  Armitage GC.Development of a classification system for periodontal
diseases and conditions. Northwest Dent 2000;79:31-35.

16.  Nevins M, Langer B.The successful use of osseointegrated implants
for the treatment of the recalcitrant periodontal patient.J Periodon-
tol 1995;66:150-157.

17. Roos-Jansaker AM, Lindahl C,Renvert H, Renvert S.Nine- to fourteen-
year follow-up of implant treatment. Part I:Implant loss and associa-
tions to various factors.J Clin Periodontol 2006;33:283-289.

18. Ferreira SD, Silva GLM, Cortelli JR, Costa JE, Costa FO.Prevalence and
risk variables for peri-implant disease in Brazilian subjects.J Clin Peri-
odontol 2006;33:929-935.

19. Evian Cl,Emling R, Rosenberg ES, et al. Retrospective analysis of
implant survival and the influence of periodontal disease and imme-
diate placement on long-term results. Int J Oral Maxillofac Implants
2004;19:393-398.

The International Journal of Oral & Maxillofacial Implants 65



Heitz-Mayfield/Huynh-Ba

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41,

Baelum V, Ellegaard B.Implant survival in periodontally compromised
patients.J Periodontol 2004;75:1404-1412.

Ellegaard B, Baelum V,Karring T.Implant therapy in periodontally
compromised patients. Clin Oral Implants Res 1997;8:180-188.
Albrektsson T, Zarb G, Worthington P, Eriksson AR.The long-term effi-
cacy of currently used dental implants: A review and proposed crite-
ria of success.Int J Oral Maxillofac Implants 1986;1:11-25.

Buser D, Weber HP, Lang NP.Tissue integration of non-submerged
implants. 1 year results of a prospective study with 100 ITI hollow-
cylinder and hollow-screw implants. Clin Oral Implants Res
1990;1:33-40.

Spiekermann H, Jansen VK, Richter EJ. A 10-year follow-up study of
IMZ and TPS implants in the edentulous mandible using bar-retained
overdentures. Int J Oral Maxillofac Implants 1995;10:231-243.
Rosenberg ES, Cho SC, Elian N, Jalbout ZN, Froum S, Evian CI. A com-
parison of characteristics of implant failure and survival in periodon-
tally compromised and periodontally healthy patients: A clinical
report.Int J Oral Maxillofac Implants 2004;19:873-879.

Watson CJ, Tinsley D,Ogden AR, Russell JL, Mulay S, Davison EM.A 3
to 4 year study of single tooth hydroxylapatite coated endosseous
dental implants.Br Dent J 1999;187:90-94.

Karoussis IK, Muller S, Salvi GE, Heitz-Mayfield LJ, Bragger U, Lang NP.
Association between periodontal and peri-implant conditions: A 10-
year prospective study. Clin Oral Implants Res 2004;15:1-7.
Roos-Jansaker A-M, Lindahl C,Renvert H, Renvert S.Nine- to four-
teen-year follow-up of implant treatment. Part II: Presence of peri-
implant lesions.J Clin Periodontol 2006;33:290-295.

Roos-Jansaker A-M, Renvert H, Lindahl C,Renvert S. Nine- to four-
teen-year follow-up of implant treatment. Part lll: Factors associated
with peri-implant lesions.J Clin Periodontol 2006;33:296-301.
Hanggi MP,Hanggi DC, Schoolfield JD, Meyer J, Cochran DL, Hermann
JS.Crestal bone changes around titanium implants. Part I: A retro-
spective radiographic evaluation in humans comparing two non-
submerged implant designs with different machined collar lengths.J
Periodontol 2005;76:791-802.

Brocard D, Barthet P, Baysse E, et al. A multicenter report on 1,022
consecutively placed Tl implants: A 7-year longitudinal study. Int J
Oral Maxillofac Implants 2000;15:691-700.

Mengel R, Flores-de-Jacoby L.Implants in patients treated for gener-
alized aggressive and chronic periodontitis: A 3-year prospective lon-
gitudinal study.J Periodontol 2005;76:534-543.

Mengel R, Flores-de-Jacoby L.Implants in regenerated bone in
patients treated for generalized aggressive periodontitis: A prospec-
tive longitudinal study. Int J Periodontics Rest Dent 2005;25:331-341.
Mengel R, Schroder T, Flores-de-Jacoby L. Osseointegrated implants
in patients treated for generalized chronic periodontitis and general-
ized aggressive periodontitis: 3- and 5-year results of a prospective
long-term study. J Periodontol 2001;72:977-989.

Leonhardt A, Grondahl K, Bergstrom C, Lekholm U.Long-term follow-
up of osseointegrated titanium implants using clinical, radiographic
and microbiological parameters.Clin Oral Implants Res
2002;13:127-132.

Malmstrom HS, Fritz ME, Timmins DP, van Dyke TE. Osseointegrated
implant treatment of a patient with rapidly progressive periodontitis:
A case report.J Periodontol 1990;61:300-304.

Yalcin S, Yalcin F, Gunay Y, Bellaz B, Onal S, Firatli E. Treatment of
aggressive periodontitis by osseointegrated dental implants. A case
report.J Periodontol 2001;72:411-416.

Hofer D,Hammerle CH, Lang NP.Comprehensive treatment concept
in a young adult patient with severe periodontal disease: A case
report.Quintessence Int 2002;33:567-578.

Wu AY-J, Chee W.Implant-supported reconstruction in a patient with
generalized aggressive periodontitis.J Periodontol 2007;78:777-782.
De Boever AL, De Boever JA.Early colonization of non-submerged
dental implants in patients with a history of advanced aggressive
periodontitis. Clin Oral Impl Res 2006;17:8-17.

Mengel R, Kreuzer G, Lehmann KM, Flores-de-Jacoby L. A telescopic
crown concept for the restoration of partially edentulous patients
with aggressive generalized periodontitis: A 3-year prospective lon-
gitudinal study. Int J Periodontics Restorative Dent 2007;27:231-239.

66 Volume 24, Supplement, 2009

42.

43.

4,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Ellegaard B, Baelum V, Kolsen-Petersen J. Non-grafted sinus implants
in periodontally compromised patients: A time-to-event analysis. Clin
Oral Implants Res 2006;17:156-164.

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

Strietzel FP, Reichart PA, Kale A, Kulkarni M, Wegner B, Kuchler I. Smok-
ing interferes with the prognosis of dental implant treatment: A sys-
tematic review and meta-analysis.J Clin Periodontol
2007;34:523-544.

Kan JY,Rungcharassaeng K, Kim J, Lozada JL, Goodacre CJ.Factors
affecting the survival of implants placed in grafted maxillary sinuses:
A clinical report.J Prosthet Dent 2002;87:485-489.

Bain CA, Moy PK.The association between the failure of dental
implants and cigarette smoking. Int J Oral Maxillofac Implants
1993;8:609-615.

Berge Tl, Gronningsaeter AG. Survival of single crystal sapphire
implants supporting mandibular overdentures. Clin Oral Implants
Res 2000;11:154-162.

Bain CA,Weng D, Meltzer A, Kohles SS, Stach RM. A meta-analysis
evaluating the risk for implant failure in patients who smoke. Com-
pend Contin Educ Dent 2002;23:695-699.702, 704 passim; quiz 708.
De Bruyn H, Collaert B.The effect of smoking on early implant failure.
Clin Oral Implants Res 1994;5:260-264.

Gorman LM, Lambert PM, Morris HF, Ochi S, Winkler S.The effect of
smoking on implant survival at second-stage surgery: DICRG Interim
Report No.5.Dental Implant Clinical Research Group.Implant Dent
1994;3:165-168.

van Steenberghe D, Jacobs R, Desnyder M, Maffei G, Quirynen M.The
relative impact of local and endogenous patient-related factors on
implant failure up to the abutment stage. Clin Oral Implants Res
2002;13:617-622.

Noguerol B, Munoz R,Mesa F,de Dios Luna J,O'Valle F.Early implant
failure. Prognostic capacity of Periotest: Retrospective study of a
large sample.Clin Oral Implants Res 2006;17:459-464.

Alsaadi G, Quirynen M, Komarek A, van Steenberghe D.Impact of
local and systemic factors on the incidence of oral implant failures,
up to abutment connection.J Clin Periodontol 2007;34:610-617.
Alsaadi G, Quirynen M, Michiles K, Teughels W, Komarek A, van Steen-
berghe D.Impact of local and systemic factors on the incidence of
failures up to abutment connection with modified surface oral
implants.J Clin Periodontol 2008;35:51-57.

Lambert PM, Morris HF, Ochi S.The influence of smoking on 3-year
clinical success of osseointegrated dental implants. Ann Periodontol
2000;5:79-89.

Wallace RH.The relationship between cigarette smoking and dental
implant failure. Eur J Prosthodont Restor Dent 2000;8:103-106.
Kumar A, Jaffin RA, Berman C.The effect of smoking on achieving
osseointegration of surface-modified implants: A clinical report.Int J
Oral Maxillofac Implants 2002;17:816-819.

Sverzut AT, Stabile GA, de Moraes M, Mazzonetto R, Moreira RW.The
influence of tobacco on early dental implant failure.J Oral Maxillofac
Surg 2008;66:1004-1009.

Kronstrém M, Svenson B, Hellman M, Persson GR. Early implant fail-
ures in patients treated with Branemark System titanium dental
implants: A retrospective study. Int J Oral Maxillofac Implants
2001;16:201-207.

Keller EE, Tolman DE, Eckert S. Surgical-prosthodontic reconstruction
of advanced maxillary bone compromise with autogenous onlay
block bone grafts and osseointegrated endosseous implants: A 12-
year study of 32 consecutive patients.Int J Oral Maxillofac Implants
1999;14:197-209.

Geurs NC,Wang IC, Shulman LB, Jeffcoat MK. Retrospective radi-
ographic analysis of sinus graft and implant placement procedures
from the Academy of Osseointegration Consensus Conference on
Sinus Grafts.Int J Periodontics Restorative Dent 2001;21:517-523.
Widmark G, Andersson B, Carlsson GE, Lindvall AM, Ivanoff CJ. Reha-
bilitation of patients with severely resorbed maxillae by means of
implants with or without bone grafts: A 3- to 5-year follow-up clinical
report.Int J Oral Maxillofac Implants 2001;16:73-79.



Group 1

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Mayfield LJ, Skoglund A, Hising P, Lang NP, Attstrom R.Evaluation fol-
lowing functional loading of titanium fixtures placed in ridges aug-
mented by deproteinized bone mineral. A human case study.Clin
Oral Implants Res 2001;12:508-514.

Olson JW, Shernoff AF, Tarlow JL, Colwell JA, Scheetz JP, Bingham SF.
Dental endosseous implant assessments in a type 2 diabetic popula-
tion: A prospective study.Int J Oral Maxillofac Implants
2000;15:811-818.

Peleg M, Garg AK, Mazor Z.Healing in smokers versus nonsmokers:
Survival rates for sinus floor augmentation with simultaneous
implant placement. Int J Oral Maxillofac Implants 2006;21:551-559.
Schwartz-Arad D, Samet N, Mamlider A.Smoking and complications
of endosseous dental implants. J Periodontol 2002;73:153-157.

van Steenberghe D, Molly L, Jacobs R, Vandekerckhove B, Quirynen
M, Naert |.The immediate rehabilitation by means of a ready-made
final fixed prosthesis in the edentulous mandible: A 1-year follow-up
study on 50 consecutive patients.Clin Oral Implants Res
2004;15:360-365.

Sanna AM, Molly L, van Steenberghe D.Immediately loaded CAD-
CAM manufactured fixed complete dentures using flapless implant
placement procedures: A cohort study of consecutive patients.J
Prosthet Dent 2007;97:331-339.

Deluca S,Habsha E, Zarb GA.The effect of smoking on osseointe-
grated dental implants. Part I:implant survival.Int J Prosthodont
2006;19:491-498.

Sanchez-Perez A, Moya-Villaescusa MJ, Caffesse RG.Tobacco as a risk
factor for survival of dental implants.J Periodontol 2007;78:351-359.
Lindquist LW, Carlsson GE, Jemt T. Association between marginal
bone loss around osseointegrated mandibular implants and smok-
ing habits: A 10-year follow-up study.J Dent Res 1997,76:1667-1674.
Mundt T, Mack F, Schwahn C, Biffar R. Private practice results of screw-
type tapered implants: Survival and evaluation of risk factors. Int J
Oral Maxillofac Implants 2006;21:607-614.

Laine ML, Leonhardt A, Roos-Jansaker A-M, et al.IL-1RN gene poly-
morphism is associated with peri-implantitis. Clin Oral Implants Res
2006;17:380-385.

Jansson H,Hamberg K, De Bruyn H, Bratthall G.Clinical consequences
of IL-1 genotype on early implant failures in patients under peri-
odontal maintenance. Clin Implant Dent Relat Res 2005;7:51-59.
Feloutzis A, Lang NP, Tonetti MS, et al.IL-1 gene polymorphism and
smoking as risk factors for peri-implant bone loss in a well-main-
tained population. Clin Oral Implants Res 2003;14:10-17.

Gruica B,Wang HY, Lang NP, Buser D.Impact of IL-1 genotype and
smoking status on the prognosis of osseointegrated implants.Clin
Oral Implants Res 2004;15:393-400.

Leonhardt A, Dahlen G, Renvert S.Five-year clinical, microbiological,
and radiological outcome following treatment of peri-implantitis in
man.J Periodontol 2003;74:1415-1422.

Bain CA.Smoking and implant failure—benefits of a smoking cessa-
tion protocol.Int J Oral Maxillofac Implants 1996;11:756-759.
Machtei EE, Mahler D, Oettinger-Barak O, Zuabi O, Horwitz J. Dental
implants placed in previously failed sites: Survival rate and factors
affecting the outcome. Clin Oral Implants Res 2008;19:259-264.
Machtei EE, Frankenthal S, Blumenfeld |, Gutmacher Z, Horwitz J. Den-
tal implants for immediate fixed restoration of partially edentulous
patients: A 1-year prospective pilot clinical trial in periodontally sus-
ceptible patients.J Periodontol 2007;78:1188-1194.

Malo P, de Araujo Nobre M, Rangert B.Implants placed in immediate
function in periodontally compromised sites: A five-year retrospec-
tive and one-year prospective study.J Prosthet Dent
2007;97:586-595.

Wennstrom J, Zurdo J,Karlsson S, Ekestubbe A, Grondahl K, Lindhe J.
Bone level change at implant-supported fixed partial dentures with
and without cantilever extension after 5 years in function.J Clin Peri-
odontol 2004;31:1077-1083.

Chuang SK, Wei LJ, Douglass CW, Dodson TB.Risk factors for dental
implant failure: A strategy for the analysis of clustered failure-time
observations.J Dent Res 2002;81:572-577.

Wang IC, Reddy MS, Geurs NC, Jeffcoat MK.Risk factors in dental
implant failure.J Long Term Eff Med Implants 1996;6:103-117.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

De Bruyn H, Collaert B, Linden U, Johansson C, Albrektsson T.Clinical
outcome of Screw Vent implants. A 7-year prospective follow-up
study. Clin Oral Implants Res 1999;10:139-148.

Grunder U, Gaberthuel T, Boitel N, et al. Evaluating the clinical perfor-
mance of the Osseotite implant: Defining prosthetic predictability.
Compend Contin Educ Dent 1999;20:628-633, 636,638-640.
Penarrocha M, Guarinos J, Sanchis JM, Balaguer J. A retrospective
study (1994-1999) of 441 ITI(r) implants in 114 patients followed-up
during an average of 2.3 years.Med Oral 2002;7:144-155.

Beschnidt SM, Muche R, Krausse A, Strub JR.Implant survival and suc-
cess rates in partially edentulous patients—Part 1 9 [in German].
Schweiz Monatsschr Zahnmed 2003;113:396-403.

Lemmerman KJ, Lemmerman NE.Osseointegrated dental implants in
private practice: A long-term case series study.J Periodontol
2005;76:310-319.

Alsaadi G, Quirynen M, Komarek A, van Steenberghe D.Impact of
local and systemic factors on the incidence of late oral implant loss.
Clin Oral Implants Res 2008;19:670-676.

McDermott NE, Chuang SK, Woo VWV, Dodson TB. Complications of
dental implants: Identification, frequency, and associated risk factors.
Int J Oral Maxillofac Implants 2003;18:848-855.

Haas R, Haimbock W, Mailath G, Watzek G.The relationship of smok-
ing on peri-implant tissue: A retrospective study.J Prosthet Dent
1996;76:592-596.

Mombelli A,Van Oosten MAC, Schiirch E, Lang NP.The microbiota
associated with successful or failing osseointegrated titanium
implants. Oral Microbiol Immunol 1987;2:145-151.

Leonhardt A, Renvert S, Dahlen G. Microbial findings at failing
implants.Clin Oral Implants Res 1999;10:339-345.

Persson GR, Salvi GE, Heitz-Mayfield LJA, Lang NP. Antimicrobial ther-
apy using a local drug delivery system (Arestin) in the treatment of
peri-implantitis. |: Microbiological outcomes. Clin Oral Implants Res
2006;17:386-393.

Furst MM, Salvi GE, Lang NP, Persson GR.Bacterial colonization imme-
diately after installation on oral titanium implants. Clin Oral Implants
Res 2007;18:501-508.

Quirynen M, Vogels R, Pauwels M, et al. Initial subgingival colonization
of ‘pristine’ pockets.J Dent Res 2005;84:340-344.

Palmer RM, Wilson RF,Hasan AS, Scott DA. Mechanisms of action of
environmental factors-tobacco smoking.J Clin Periodontol
2005;32(suppl 6):180-195.

Heitz-Mayfield LJ. Disease progression: Identification of high-risk
groups and individuals for periodontitis. J Clin Periodontol
2005;32(suppl 6):196-209.

Cordaro L, Ercoli C,Rossini C, Torsello F, Feng C.Retrospective evalua-
tion of complete-arch fixed partial dentures connecting teeth and
implant abutments in patients with normal and reduced periodontal
support.J Prosthet Dent 2005;94:313-320.

Ericsson |, Lekholm U, Branemark PI, Lindhe J, Glantz PO, Nyman S. A
clinical evaluation of fixed-bridge restorations supported by the
combination of teeth and osseointegrated titanium implants.J Clin
Periodontol 1986;13:307-312.

Ellegaard B, Kolsen-Petersen J, Baelum V.Implant therapy involving
maxillary sinus lift in periodontally compromised patients. Clin Oral
Implants Res 1997;8:305-315.

Schwartz-Arad D, Chaushu G.Immediate implant placement: A pro-
cedure without incisions.J Periodontol 1998;69:743-750.
Daelemans P, Hermans M, Godet F, Malevez C. Autologous bone graft
to augment the maxillary sinus in conjunction with immediate
endosseous implants: A retrospective study up to 5 years.Int J Peri-
odontics Restorative Dent 1997;17:27-39.

Sbordone L, Barone A, Ciaglia RN, Ramaglia L, lacono VJ.Longitudinal
study of dental implants in a periodontally compromised popula-
tion.J Periodontol 1999;70:1322-1329.

Buchmann R,Khoury F, Faust C,Lange DE. Peri-implant conditions in
periodontally compromised patients following maxillary sinus aug-
mentation. A long-term post-therapy trial. Clin Oral Implants Res
1999;10:103-110.

The International Journal of Oral & Maxillofacial Implants 67



Heitz-Mayfield/Huynh-Ba

107.

108.

109.

110.

1.

2.

13.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

Yi SW, Ericsson |, Kim CK, Carlsson GE, Nilner K. Implant-supported
fixed prostheses for the rehabilitation of periodontally compromised
dentitions: A 3-year prospective clinical study. Clin Implant Dent
Relat Res 2001;3:125-134.

Leonhardt A, Adolfsson B, Lekholm U, Wikstrom M, Dahlen G.A longi-
tudinal microbiological study on osseointegrated titanium implants
in partially edentulous patients.Clin Oral Implants Res
1993;4:113-120.

Wennstrom JL, Ekestubbe A, Grondahl K, Karlsson S, Lindhe J. Oral
rehabilitation with implant-supported fixed partial dentures in peri-
odontitis-susceptible subjects. A 5-year prospective study.J Clin Peri-
odontol 2004;31:713-724.

Strietzel FP, Reichart PA.Oral rehabilitation using Camlog screw-cylin-
der implants with a particle-blasted and acid-etched microstruc-
tured surface.Results from a prospective study with special
consideration of short implants. Clin Oral Implants Res
2007;18:591-600.

Minsk L, Polson AM, Weisgold A, et al. Outcome failures of
endosseous implants from a clinical training center. Compend Con-
tin Educ Dent 1996;17:848-850, 852-854, 856 passim.

Watson CJ,Ogden AR, Tinsley D, Russell JL, Davison EM. A 3- to 6-year
study of overdentures supported by hydroxyapatite-coated
endosseous dental implants. Int J Prosthodont 1998;11:610-619.
Minsk L, Polson AM. Dental implant outcomes in postmenopausal
women undergoing hormone replacement. Compend Contin Educ
Dent 1998;19:859-862, 864; quiz 866.

Jones JD, Lupori J,Van Sickels JE, Gardner W. A 5-year comparison of
hydroxyapatite-coated titanium plasma-sprayed and titanium
plasma-sprayed cylinder dental implants. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1999;87:649-652.

Wilson TG Jr, Nunn M.The relationship between the interleukin-1
periodontal genotype and implant loss. Initial data.J Periodontol
1999;70:724-729.

Schwartz-Arad D, Grossman Y, Chaushu G.The clinical effectiveness of
implants placed immediately into fresh extraction sites of molar
teeth.J Periodontol 2000;71:839-844.

Eckert SE, Meraw SJ,Weaver AL, Lohse CM.Early experience with
wide-platform Mk Il implants. Part I:Implant survival. Part Il: Evalua-
tion of risk factors involving implant survival. Int J Oral Maxillofac
Implants 2001;16:208-216.

Ortorp A, Jemt T.Clinical experience of CNC-milled titanium frame-
works supported by implants in the edentulous jaw: A 3-year interim
report.Clin Implant Dent Relat Res 2002;4:104-109.

Chuang SK, Tian L, Wei LJ, Dodson TB. Predicting dental implant sur-
vival by use of the marginal approach of the semi-parametric sur-
vival methods for clustered observations.J Dent Res
2002;81:851-855.

Ortorp A, Jemt T.Clinical experiences of computer numeric control-
milled titanium frameworks supported by implants in the edentu-
lous jaw: A 5-year prospective study.Clin Implant Dent Relat Res
2004;6:199-209.

Kourtis SG, Sotiriadou S, Voliotis S, Challas A. Private practice results of
dental implants. Part I: Survival and evaluation of risk factors—Part II:
Surgical and prosthetic complications.Implant Dent
2004;13:373-385.

Moheng P, Feryn J-M.Clinical and biologic factors related to oral
implant failure: A 2-year follow-up study.Implant Dent 2005;14:
281-288.

Moy PK, Medina D, Shetty V, Aghaloo TL. Dental implant failure rates
and associated risk factors. Int J Oral Maxillofac Implants 2005;20:
569-577.

Doyle SL,Hodges JS, Pesun 1J, Baisden MK, Bowles WR.Factors affect-
ing outcomes for single-tooth implants and endodontic restorations.
J Endod 2007;33:399-402.

68 Volume 24, Supplement, 2009

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141,

142.

Aykent F, Inan O, Ozyesil AG, Alptekin NO.A 1- to 12-year clinical eval-
uation of 106 endosseous implants supporting fixed and removable
prostheses.Int J Periodontics Restorative Dent 2007;27:358-367.
Anitua E, Orive G, Aguirre JJ, Ardanza B, Andia |. 5-year clinical experi-
ence with BTl dental implants: Risk factors for implant failure.J Clin
Periodontol 2008;8:724-732.

McDermott NE, Chuang S-K, Woo VV, Dodson TB. Maxillary sinus aug-
mentation as a risk factor for implant failure. Int J Oral Maxillofac
Implants 2006;21:366-374.

Weyant RJ. Characteristics associated with the loss and peri-implant
tissue health of endosseous dental implants.Int J Oral Maxillofac
Implants 1994;9:95-102.

Lindquist LW, Carlsson GE, Jemt T. A prospective 15-year follow-up
study of mandibular fixed prostheses supported by osseointegrated
implants. Clinical results and marginal bone loss. Clin Oral Implants
Res 1996;7:329-336.

Carlsson GE, Lindquist LW, Jemt T.Long-term marginal periimplant
bone loss in edentulous patients.Int J Prosthodont 2000;13:295-302.
Penarrocha M, Palomar M, Sanchis JM, Guarinos J, Balaguer J. Radio-
logic study of marginal bone loss around 108 dental implants and its
relationship to smoking, implant location, and morphology.Int J Oral
Maxillofac Implants 2004;19:861-867.

Galindo-Moreno P, Fauri M, Avila-Ortiz G, Fernandez-Barbero JE, Cabr-
era-Leon A, Sanchez-Fernandez E. Influence of alcohol and tobacco
habits on peri-implant marginal bone loss: A prospective study.Clin
Oral Implants Res 2005;16:579-586.

Nitzan D, Mamlider A, Levin L, Schwartz-Arad D.Impact of smoking
on marginal bone loss. Int J Oral Maxillofac Implants
2005;20:605-609.

Schwartz-Arad D, Mardinger O, Levin L, Kozlovsky A, Hirshberg A. Mar-
ginal bone loss pattern around hydroxyapatite-coated versus com-
mercially pure titanium implants after up to 12 years of follow-up.Int
J Oral Maxillofac Implants 2005;20:238-244.

Aalam AA, Nowzari H. Clinical evaluation of dental implants with sur-
faces roughened by anodic oxidation, dual acid-etched implants,
and machined implants. Int J Oral Maxillofac Implants
2005;20:793-798.

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

Herzberg R, Dolev E, Schwartz-Arad D.Implant marginal bone loss in
maxillary sinus grafts.IntJ Oral Maxillofac Implants
2006;21:103-110.

Norton MR. Multiple single-tooth implant restorations in the poste-
rior jaws: Maintenance of marginal bone levels with reference to the
implant-abutment microgap. Int J Oral Maxillofac Implants
2006;21:777-784.

Watzak G, Zechner W, Busenlechner D, Arnhart C, Gruber R, Watzek G.
Radiological and clinical follow-up of machined- and anodized-
surface implants after mean functional loading for 33 months.Clin
Oral Implants Res 2006;17:651-657.

Chung DM, Oh T-J, Lee J, Misch CE,Wang H-L. Factors affecting late
implant bone loss: A retrospective analysis. Int J Oral Maxillofac
Implants 2007;22:117-126.

Tandlich M, Ekstein J, Reisman P, Shapira L.Removable prostheses
may enhance marginal bone loss around dental implants: A long-
term retrospective analysis.J Periodontol 2007;78:2253-2259.
Fransson C, Wennstrom J, Berglundh T.Clinical characteristics at
implants with a history of progressive bone loss. Clin Oral Implants
Res 2008;19:142-147.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


