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D
uring the past decade, the use of
osseointegrated implants as a
foundation for prosthetic re-

placement of missing teeth has become
highly predictable and successful.1 How-
ever, certain risk factors might predispose
individuals to lower success rates.2

Survival of oral implants has been
systematically analyzed in the 4th Eu-
ropean Workshop on Periodontology
in 2002.1 It is evident that the survival
of oral implants is very high. How-
ever, an initial loss of 2.5% of all
implants is expected in routine implant
therapy. After functional loading, im-
plant loss was 2% to 3%, over a 5-year
observation period for implants sup-
porting fixed restorations, whereas in
overdenture therapy, �5% of the im-
plants were expected to be lost within
that period.

Furthermore, Holm-Pedersen et
al3 reported that 0.5% to 1.3% im-

plants are lost per year of function
resulting in survival rates of between
80% and 90% after 10 years depend-
ing on the clinical situation of the im-
plants and prosthetic rehabilitation.

In a recent systematic review of
the literature, it was found that smok-

ing adversely affects implant survival
and success and is more pronounced in
areas of poor quality, trabecular bone.2

Type 2 diabetes may have an adverse
effect on implant survival rates, but a
definitive conclusion could not be
made because of the limited number of
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Objectives: To evaluate the fac-
tors associated with long-term im-
plant survival in a large cohort of
patients in regular follow-up until
data collection.

Methods: The study population
consisted of 475 patients who were
referred to a private clinic limited to
Periodontics and Implantology be-
tween November 1995 and July 2006.
Data were collected from patient files
with regards to smoking habits, peri-
odontal condition, diabetes mellitus,
implant survival, and time when im-
plant failure occurred. Patients were
divided into those who participated in
a supportive periodontal program in
the clinic and those who only attended
the annual free-of-charge implant
examination.

Results: A total of 1626 implants
were placed with a follow-up ranging
from 1 to 114 months (average
30.82 � 28.26 months). Overall, 77
(4.7%) implants were lost in 58
(12.2%) patients after a mean period
of 24.71 � 25.84 months. More than

one-half of the patients (246; 51.7%)
participated in a structured supportive
periodontal program in the clinic, and
229 (48.3%) only attended to the an-
nual free-of-charge implant examina-
tion. Smoking and attendance in a
regular supportive periodontal pro-
gram were statistically associated
with implant survival. Patients with
(treated) moderate-to-advanced chronic
periodontal disease demonstrated
higher implant failure rates but, this
difference did not reach statistical
significance. Diabetes mellitus was
not related to implant survival in this
patient cohort.

Conclusions: Smoking and atten-
dance in a regular supportive peri-
odontal program were found to be
strongly related to implant survival.
Special attention should be given to
continuous periodontal supportive
programs to implant patients.
(Implant Dent 2010;19:57–64)
Key Words: tobacco, periodontitis, di-
abetes mellitus, supportive therapy,
implant failure
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studies included in the review. A his-
tory of treated periodontitis does not
seem to adversely affect implant sur-
vival rates but it could have a negative
influence on implant success rates,
particularly over longer periods.2

Hultin et al4 stated that there are
few available studies evaluating the
long-term effect of supportive peri-
odontal programs for implant patients.
The authors highlighted in their con-
clusions4 the need for such studies to
be initiated.

The purpose of this study was to
evaluate the influence of smoking,
diabetes mellitus, periodontitis, and
supportive periodontal treatment as
factors associated with long-term (up
to 10 years) implant survival in a large
cohort of patients who were in regular
follow-up until data collection.

MATERIALS AND METHODS

The study population consisted of
475 patients (176 men, 37%; 299
women, 63%; average age 51.96 �
11.98) who were referred to a private
clinic limited to Periodontics and Im-
plantology between November 1995
and July 2006. A total of 1626 implants
were placed by a single surgeon (R.A.)
in these patients. Implants were placed
after completion of periodontal cause-
related therapy and periodontal stabiliza-
tion. Follow-up ranged from 1 to 114
months (average 30.82 � 28.26 months).

All patients were offered a free-
of-charge annual examination and

follow-up after implant placement.
Only patients who were in routine
follow-up until data collection were
included in the evaluation. Demo-
graphic parameters (age, gender, etc.)
were similar between this follow-up
group and the patients who were ex-
cluded because of their lack of adher-
ence to follow-up appointments (data
not shown).

Data were collected from patient
files with regards to smoking habits,
periodontal condition, diabetes melli-
tus, implant survival, and time when
implant failure occurred. Patients were
also divided into those who partici-
pated in a supportive periodontal pro-
gram in the clinic and those who only
attended the annual free-of-charge im-
plant examination.

Data were analyzed with statisti-
cal software (SPSS 12.0; SPSS, Inc.,
Chicago, IL) using z test for propor-
tions and �2 test. A 5% significance
level was used.

RESULTS

Smoking was reported by 63
(13.2%) patients and diabetes mellitus
by 49 (10.3%). Periodontal disease
was diagnosed in 311 (65.4%) of the
patients. Overall, 77 (4.7%) implants
were lost in 58 (12.2%) patients after a
mean period of 24.71 � 25.84 months.

In the structured supportive peri-
odontal program in the clinic, 246 pa-
tients (51.7%) participated and 229
(48.3%) only attended the annual

free-of-charge implant examination.
Smoking and attendance in a regular
supportive periodontal program were
associated with implant survival
(Table 1). Patients with treated
moderate-to-advanced chronic peri-
odontal disease showed higher im-
plant failure rates, but this difference
did not reach statistical significance.
Diabetes mellitus was not related to
implant survival in this patient co-
hort (Table 1). The odds ratio was
1.89 for attendance in a regular sup-
portive periodontal program and
smoking (P � 0.05) (Table 2).

DISCUSSION

An implant-supported restoration
offers a predictable treatment for tooth
replacement.7–9 Nevertheless, failures
that mandate immediate implant re-
moval do occur.6,10�13 The conse-
quences of implant removal jeopardize
the clinician’s efforts to accomplish
satisfactory function and esthetics. For
the patient, this usually involves fur-
ther cost and additional procedures.14

Reported predictors for implant
success and failure are generally di-
vided into patient-related factors (e.g.,
general patient health status, smoking
habits, quantity and quality of bone,
and oral hygiene maintenance), im-
plant characteristics (e.g., dimensions,
coating, and loading), implant loca-
tion, and clinician experience.15

The overall first-year survival
rate for dental implants is between

Table 1. Factors Associated With Dental Implant Survival

Factor
No. of

Patients (%)
No. of Patients

With Failed Implants (%) P *
No. of

Implants (%)

No. of
Failed

Implants (%) P *

Smoking
Yes 63 (13.3) 13 (20.6) 0.0286 226 (13.9) 21 (9.3) 0.0006
No 412 (86.7) 45 (10.9) 1400 (86.1) 56 (4)

Diabetes mellitus
Yes 49 (10.3) 4 (8.2) 0.3628 177 (1.09) 5 (2.8) 0.2076
No 426 (89.7) 54 (12.7) 1449 (89.1) 72 (5)

Periodontal disease
Yes 311 (65.5) 43 (13.8) 0.1388 1171 (72) 61 (5.2) 0.1498
No 164 (34.5) 15 (9.1) 455 (28) 16 (3.5)

SPT
Yes 246 (51.8) 21 (8.5) 0.0114 873 (53.7) 28 (3.2) 0.0028
No 229 (48.2) 37 (16.2) 753 (46.3) 49 (6.5)

P values in bold represents statistical significance. Smoking and attendance in a regular supportive periodontal program were associated with implant survival. Patients with treated moderate-to-advanced
chronic periodontal disease showed higher implant failure rates but this difference did not reach statistical significance. Diabetes mellitus was not related to implant survival in this patient cohort.

*z test for proportions.
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92% and 97%.16 An additional 1% of
all implants that are initially suc-
cessful and rehabilitated are lost ev-
ery year because of complications.17

In this study, the survival rates fall
between the reported survival rates
in the literature.18

Hultin et al4 conducted a study
that systematically reviewed whether
supportive implant treatment during a
follow-up of at least 10 years after
functional loading is effective in pre-
venting biological complications and
fixture loss. It was concluded that, to
date, there are few available studies
that evaluate the long-term effect of
supportive programs for implant pa-
tients and that there is an urgent need
for such studies to be initiated. This
report clearly illustrates that there is an
important role for regular continuous
supportive periodontal therapy in im-
plant patients to increase implant
survival over time. In the treatment
strategies for periodontitis, the need
for supervised training and re-
enforcement of self-performed oral
hygiene is well established. Also, in
dental implant patients, instruction in
brushing and interproximal cleaning
should be initiated as soon as the pros-
thetic reconstruction is connected. In
an elderly patient, reduced capacity of
diligence and manual dexterity is not
uncommon, thus requiring frequent
professional training visits and clean-
ing of abutment surfaces to remove
bacterial biofilms. Although there is
no direct evidence in the literature to
suggest the importance of supportive
therapy for implants as for periodon-
tally treated teeth, periodontal therapy
has been suggested to precede implant
therapy in partially dentate patients,19

whereas systematic and continuous

monitoring of the periodontal and
peri-implant tissue conditions is
suggested to prevent recurrence of
periodontal disease and allow early
diagnosis and treatment of peri-
implant diseases.20

Other environmental- and patient-
related factors contribute to implant
failures. Nitzan et al21 report a rela-
tionship between marginal implant
bone loss and smoking habits. A
higher incidence of marginal implant
bone loss was found in the smoking
group, which was more pronounced in
the maxilla. A higher degree of com-
plications, or implant failure rates,
were found in smokers with and with-
out bone grafts.22,23 However, in an
18-month study of 1183 implants, Ku-
mar et al24 report similar survival rates
(97% and 94.4%) for smokers and
nonsmokers. In this study, smokers
exhibited a significantly lower sur-
vival rate than nonsmokers. Smokers
undergoing both implant-related sur-
gical procedures and dental implanta-
tion should be encouraged by their
dentists, oral and maxillofacial sur-
geons, or treating physicians to cease
smoking, emphasizing that smoking
can increase complications and reduce
the success rate of these procedures.

Successful osseointegration has
been shown in patients with different
types of periodontitis.25,26 However,
these reports do not offer compara-
tive data between periodontally
compromised patients who have
been treated and periodontally
healthy patients. Nevertheless, a sys-
tematic review by Van der Weijden
et al27 conclude that the outcome of
implant therapy in periodontitis pa-
tients may be different compared
with individuals without such a his-

tory in terms of loss of supporting
bone and implant loss.

In a systematic review of implant
outcomes in treated periodontitis sub-
jects, Ong et al20 conclude that there is
some evidence that patients treated for
periodontitis may experience more im-
plant loss and complications around
implants including higher bone loss
and peri-implantitis than nonperiodon-
titis patients. Evidence was stronger
for implant survival than implant suc-
cess. In this report, periodontal disease
patients demonstrated higher implant
failure rates but this difference did not
reach statistical significance, which
could be attributed to the fact that the
patients were treated in a periodontal
clinic and their periodontal condition
was “controlled.” Consequently, ap-
propriate consent should be obtained
before implant therapy is provided to
periodontal patients.

Diabetes mellitus is one of the
most commonly encountered contrain-
dications to dental implant therapy.
Glycemic control is viewed as a criti-
cal variable in identifying whether pa-
tients with diabetes are eligible for
implant therapy.28–30 This view on the
importance of glycemic control in im-
plant success has been reinforced.31–33

Several clinical reports suggest that in
patients with “well-controlled” type 2
diabetes mellitus, dental implant suc-
cess rates (92%–100%) may not be
significantly compromised.32–34 In ad-
dition, a large multicenter study of
dental implant success report an im-
plant failure rate of only 7.8% for 255
implants placed in “selected” patients
with type 2 diabetes mellitus.31

The hypothesis that patients with
diabetes are appropriate candidates
for implants and that compromises in
glycemic control may not exclude
implant success has been explored.35

This study found no evidence of
diminished clinical success or signif-
icant early healing complications as-
sociated with implant therapy in
patients with controlled type 2 dia-
betes mellitus, which agrees with the
former study.

CONCLUSIONS

Smoking and attendance in a reg-
ular supportive periodontal program

Table 2. Odds Ratio Calculated for Dental Implant Failure

Factor Odds Ratio

95% Confidence
Interval

P*Lower Upper

Smoking 1.89 1.08 3.30 0.029
Diabetes mellitus 0.65 0.96 1.15 0.49 (NS)
Periodontal disease 1.65 0.87 1.01 0.11 (NS)
SPT 1.89 1.14 3.13 0.012

The table shows that smokers and patients not attending in a regular supportive periodontal program had an odds ratio of 1.89 for
implant failure.

*Chi-square test.
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were found to be strongly related to
implant survival. It is highly recom-
mended to maintain implant patients
under a strict supportive periodontal
treatment protocol that might contrib-
ute to implant survival.
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Abstract Translations

GERMAN / DEUTSCH
AUTOR(EN): Rachel Anner, DMD, Yoav Grossmann,
DMD, Yael Anner und Liran Levin, DMD.
Rauchen, Diabetes mellitus, Parodontitis und unterstüt-
zende parodontale Behandlung als Faktoren in Verbindung
mit dem Erhalt von Zahnimplantaten: Eine langfristige
retrospektive Beurteilung von Patienten mit einem Nach-
verfolgungszeitraum von bis zu 10 Jahren

ZUSAMMENFASSUNG: Zielsetzungen: Es war beabsich-
tigt, die Faktoren zu beurteilen, die mit einem langfristigen
Überleben von Implantaten bei einer großen Patientengruppe
mit regelmäßigen Nachuntersuchungen bis zur Datenzusam-
menstellung in Verbindung stehen. Methoden: Die Studien-
zielgruppe bestand aus 475 Patienten, die in einer auf
Parodontologie spezialisierten Privatklinik im Zeitraum
von November 1995 und Juli 2006 behandelt wurden. Die
Daten wurden aus den Patientenakten gewonnen. Hierbei
wurde besonderer Fokus auf Rauchgewohnheiten, par-
odontalen Status, Diabetes mellitus, Implantatüberleben
und den Zeitpunkt eines eventuellen Implantatversagens
gelegt. Die Patienten wurden in Gruppen aufgeteilt. Eine
Gruppe bestand aus den Patienten, die an einem unterstüt-
zenden Parodontalprogramm in der Klinik teilnahmen, und
die andere aus den Patienten, die nur ausschließlich an der
jährlichen und kostenfreien Implantatuntersuchung teil-
nahmen. Ergebnisse: Insgesamt wurden 1626 Implantate
eingepflanzt. Der Nachverfolgungszeitraum lag zwischen
1 bis zu 114 Monaten (durchschnittlich 30.82 � 28.26
Monate). Im Ganzen versagten 77 (4.7%) Implantate bei
58 (12.2%) Patienten nach einem durchschnittlichen Zei-
traum von 24.71 � 25.84 Monaten. Mehr als die Hälfte der
Patienten (246; 51.7%) nahmen an einem strukturierten
Unterstützungsprogramm zur parodontalen Versorgung in
der Klinik teil und 229 (48.3%) Patienten besuchten nur
die jährliche und kostenfreie Implantatuntersuchung.
Rauchen und die Teilnahme am regelmäßigen unterstüt-
zenden Parodontalprogramm wurden statistisch mit dem
Überleben der Implantate in Verbindung gebracht. Pati-
enten mit einer (behandelten) moderaten bis fortgeschrit-
tenen chronischen parodontalen Erkrankung wiesen höhere
Versagensquoten bei der Implantierung auf. Dieser Unter-
schied erreichte allerdings keine statistische Bedeut-
samkeit. Das Vorliegen eines Diabetes mellitus wurde bei
dieser Patientengruppe nicht mit dem Implantatüberleben
in Verbindung gebracht. Schlussfolgerungen: Rauchen
und die Teilnahme am regelmäßigen unterstützenden Par-
odontalprogramm konnten als sehr stark mit dem Überle-
ben der Implantate in Verbindung gebracht werden.
Besondere Aufmerksamkeit sollte dem Besuch re-

gelmäßiger und unterstützend wirkender Parodontalpro-
gramme bei Implantatpatienten gezollt werden.

SCHLÜSSELWÖRTER: Tabak, Parodontitis, Diabetes mel-
litus, unterstützende Therapie, Implantatversagen

SPANISH / ESPAÑOL
AUTOR(ES): Rachel Anner, DMD, Yoav Grossmann, DMD,
Yael Anner y Liran Levin, DMD.
Fumar, diabetes mellitus, periodontitis y tratamiento peri-
odóntico de apoyo como factores asociados con la supervi-
vencia de implantes dentales: Una evaluación retrospectiva
de largo plazo en pacientes seguidos hasta 10 años

ABSTRACTO: Propósito: Evaluar los factores asociados con
la supervivencia a largo plazo de implantes en un grupo
numeroso de pacientes en seguimientos normales hasta la
recolección de datos. Métodos: La población del estudio
consistió en 475 pacientes, derivados a una clínica privada
limitada a periodóntica e implantología entre noviembre de
1995 y julio de 2006. Los datos se recolectaron de la historia
del paciente con respecto a fumar, condición periodóntica,
diabetes mellitus, supervivencia del implante y tiempo en el
que falló el implante. Se dividió a los pacientes entre los que
participaron en un programa periodóntico de apoyo en la
clínica y los que solamente completaron el examen anual del
implante gratis. Resultados: Se colocaron un total de 1626
implantes con un seguimiento que varió entre 1 y 114 meses
(promedio 30.82 � 28.26 meses). En general, 77 (4.7%)
implantes se perdieron en 58 (12.2%) pacientes luego de un
período medio de 24.71 � 25.84 meses. Más de la mitad de
los pacientes (246; 51.7%) participaron en un programa pe-
riodóntico de apoyo en la clínica y 229 (48.3%) solamente
participaron en el examen anual del implante gratis. Fumar y
concurrir a un programa regular periodóntico de apoyo estuvo
estadísticamente asociado con la supervivencia de los implan-
tes. Los pacientes con enfermedad periodóntica crónica mod-
erada a avanzada (tratados) demostraron una tasa más alta de
falla del implante, pero esta diferencia no alcanzó un nivel
estadísticamente significativo. La diabetes mellitus no estuvo
relacionada con la supervivencia de los implantes en este
grupo de pacientes. Conclusiones: Se encontró que fumar y
concurrir a un programa regular periodóntico de apoyo esta-
ban altamente relacionados con la supervivencia del im-
plante. Se deberá prestar atención especial a programas
continuos periodónticos de apoyo para los pacientes con
implantes.

PALABRAS CLAVES: tabaco, periodontitis, diabetes melli-
tus, terapia de apoyo, falla del implante
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PORTUGUESE / PORTUGUÊS
AUTOR(ES): Rachel Anner, Doutora em Medicina Dentária,
Yoav Grossmann, Doutor em Medicina Dentária, Yael Anner
e Liran Levin, Doutores em Medicina Dentária.
Tratamento de tabagismo, diabete melito, periodontite e
periodontal de suporte como fatores associados à sobrevi-
vência de implante dentário: Avaliação retrospectiva de
longo prazo de pacientes acompanhados por até 10 anos

RESUMO: Objetivo: Avaliar os fatores associados à so-
brevivência de implante de longo prazo numa grande co-
orte de pacientes em acompanhamento regular até a coleta
de dados. Métodos: A população do estudo era formada
por 475 pacientes encaminhados a uma clínica particular
limitada à Periodontia e Implantologia entre novembro de
1995 e julho de 2006. Os dados foram coletados de pron-
tuários de pacientes com relação a hábitos de fumar, con-
dição periodontal, diabete melito, sobrevivência de
implante e momento em que ocorreu a falha no implante.
Os pacientes foram divididos em aqueles que participaram
de um programa periodontal de suporte na clínica e aqueles
que compareceram apenas ao exame de implante anual
gratuito. Resultados: Um total de 1626 implantes foi co-
locado com um intervalo de acompanhamento de 1 a 114
meses (média 30.82 � 28.26 meses). No total, 77 (4.7%)
implantes foram perdidos em 58 (12.2%) pacientes após
um período médio de 24.71 � 25.84 meses. Mais da
metade dos pacientes (246; 51.7%) participou de um pro-
grama periodontal de suporte estruturado na clínica e 229
(48.3%) compareceram apenas ao exame de implante anual
gratuito. O tabagismo e o comparecimento a um programa
periodontal de suporte regular foram estatisticamente associados
à sobrevivência de implante. Os pacientes com doença periodon-
tal crônica (tratada) moderada a avançada demonstraram taxas
mais altas de falha de implante, mas essa diferença não alcançou
significado estatístico. A diabete melito não estava relacionada à
sobrevivência de implante nessa coorte de pacientes. Conclu-
sões: Descobriu-se que o tabagismo e o comparecimento a um
programa periodontal de suporte regular estavam fortemente
relacionados à sobrevivência de implante. Especial atenção deve
ser dada a programas periodontais de suporte contínuos para
pacientes de implante.

PALAVRAS-CHAVE: tabaco, periodontite, diabete melito,
terapia de suporte, falha de implante
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TURKISH / TÜRKÇE
YAZARLAR: Rachel Anner, DMD, Yoav Grossmann, DMD,
Yael Anner and Liran Levin, DMD.
Dental implant sağkalımı ile ilişkili faktörler olarak sigara
içme, diabetes mellitus, periodontit ve destekleyici periodon-
tal tedavi: 10 yıla kadar takip edilen hastaların uzun-süreli
retrospektif değerlendirmesi

ÖZET: Amaç: Veri derlenmesine kadar düzenli şekilde takip
edilen geniş hasta kohortunda uzun-süreli implant sağkalımı
ile ilişkili faktörleri değerlendirmek. Yöntem: Çalışma popü-
lasyonu, Kasım 1995 ile Temmuz 2006 arasında sadece Pe-
riodontik ve İmplantoloji çalışması yapan bir özel kliniğe
havale edilen 475 hastadan oluştu. Hasta dosyalarından sigara
içme alışkanlıkları, periodontal durum, diabetes mellitus, im-
plant sağkalımı ve implant başarısızlığının tarihine ilişkin
bilgiler toplandı. Hastalar, klinikteki destekleyici bir peri-
odontal programa katılanlar ve sadece yıllık ücretsiz implant
tetkikine gelenler olmak üzere iki gruba ayrıldı. Bulgular:
Hastalarda toplam 1626 implant yerleştirildi ve takip süresi 1

ila 114 ay arasında değişti (ortalama 30.82 � 28.26 ay).
Genel olarak, 58 (%12.2) hastada 77 (4.7%) implant ortalama
24.71 � 25.84 ay sonra başarısızlığa uğradı. Hastaların ya-
rısından fazlası (246; 51.7%) klinikte yapılan destekleyici bir
periodontal programa katılırken, 229 (48.3%) hasta sadece
yıllık olarak yapılan ücretsiz implant tetkikine geldi. Sigara
içmenin ve düzenli şekilde destekleyici bir periodontal pro-
grama katılmanın sağkalım ile istatistiksel açıdan anlamlı
düzeyde ilişkili olduğu görüldü. Orta ila ileri derecede (tedavi
edilmiş) kronik periodontal hastalığı olan olgularda daha
yüksek implant başarısızlık oranları görüldüyse de bu farklı-
lık istatistiksel açıdan anlamlı değildi. Bu hasta kohortunda
diabetes mellitus implant sağkalımı ile bağlantılı bulunmadı.
Sonuç: Sigara içmenin ve düzenli şekilde destekleyici bir
periodontal programa katılmanın sağkalım ile büyük ölçüde
ilişkili olduğu görüldü. İmplant hastalarına sürekli periodon-
tal destek programları sunmaya özen gösterilmelidir.

ANAHTAR KELİMELER: tütün, periodontit, diabetes mel-
litus, destekleyici terapi, implant başarısızlığı
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