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Abstract

Influence of smoking on the survival rate of various dental implant systems - an 18-

year report

Purpose: This inquiry was done to reveal possible negative effects of smoking on the
probability of survival of implants. Patients and Methods: The influence of smoking on the
success of dental implants was studied using 934 implant patients who had been treated
with various implant systems. 712 patients (76.1%) identified themselves as non-smokers,
223 (23.9%) as smokers. A total of 1776 implants including Bonefit (212), Branemark system
(42), Frialit-2 (555), IMZ (179), TPS (21), ITI (1) and Tiibingen (761) types were placed in
these 934 patients. 1379 implants (77.7%) were placed in non-smokers, 379 (22.3%) in
smokers. Results: The smokers showed higher failure rates and significantly reduced implant
survival rates (Kaplan-Meier). The negative consequences of smoking were evident even at a
very low rate of tobacco consumption per day. The degree of influence resulting from
smoking depended on the location of the implant. This was most clearly noticed with a
reduction of the implant prognosis in the maxilla. Conclusions: The particularly marked
reduction in the probability of success in the maxilla over the entire survival period of the
implant led to the hypothesis that the primary causes for the reduced implant prognosis
was long-term local effects. These effects seemed to be the result of two causes: the toxic
chemical effect of components of tobacco smoke on the peri-implant tissue and the
damage caused by forces below the threshold of perception which affect the implants. The

forces result from soft tissue movements, which are increased by smoking.
Key words: smoking, dental implants, clinical study

Introduction
Restoration with implant-supported prostheses meets the patient's desire for the closest

possible substitute for the original dentition™.

To reduce the risk of complications as much as possible, a number of prerequisites must be
met for any planned dental implant procedure. The prerequisites have been developed in

consensus conferences for implant dentistry’.
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Smoking as a possible risk factor has been discussed in the literature” when investigating
the reasons for implant losses that cannot be explained by generally accepted causes. Many
of the effects of smoking have long been known and have been thoroughly researched™.
The effects of smoking on the periodontal tissues have also been confirmed in numerous

22-27

studies™ . In comparison to non-smokers with the same standard of oral hygiene, the
periodontal parameters of probing depth, furcation involvement and odontosis in smokers
generally show significantly poorer values®, and the alveolar bone is often more

d26‘28_30

atrophie . In contrast, the gingiva seems less likely to bleed in spite of greater plaque

27,31,32

deposition resulting from smoking™ . Clarke, Shepard and Hirsch pointed to an ischemia of

d”**, Kraal

the gingiva caused by nicotine as the reason for the reduced tendency to blee
and Chancellor and also MacFarlane and Herzberg pointed to an impediment to migration
and a nicotine-induced functional defect of the polymorphonuclear leukocytes in the area
of the marginal gingiva that could result in an inhibition of the clinical inflammatory

27,31-35

symptoms

In addition to the known influence on healthy tissue, the negative effects on wound
healing of very different types caused by smoking have also been confirmed™™. After oral
surgical procedures, problems with the healing of wounds occur far more frequently in
smokers than in non-smokers®. Sweet and Butler” and Siebert, Sonner and Reichart®
observed an increased occurrence of problems with wound healing after removal of

mandibular third molars.

The success rate of periodontal therapy in non-smokers is often better than that of smokers
both with conservative and with surgical procedures, as measured by the reduction of

probing depth™*™,

Negative effects on the post-operative wound healing have also been observed in
connection with implant dentistry. Jones and Triplett® found extended healing processes
and increased occurrence of problems with wound healing in smokers after intraoral bone
grafting with simultaneous implantation. Small et al.” reported complications with pre-

implant surgical procedures.
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Publications on the possible effects of smoking on the probability of success for dental
implants are available for Branemark system implants only. Bain and Moy studied 2,194
Branemark system implants in 545 patients and found a total loss rate of 5.92% ". In their
study, the implant had been in place between 1 and 81 months. When sorted by smokers and
non-smokers, the loss rate for smokers was significantly higher at 11.28% compared to
4.76% for non-smokers. The survival rate of the implants until loss was not considered in
this study, so it is not possible to distinguish between early losses in the healing phase and

late losses in the functional phase.

De Bruyn and Collaert in their retrospective study” also examined early losses of Branemark
system implants (i.e. losses before restoration with the prosthetic superstructure) and
found significantly higher loss figures in smokers (9%) compared to non-smokers (1%).
Gorman et al.” published an interim evaluation of a more comprehensive dental implant
study, which also confirmed an increased loss rate in smokers. Smoking is considered to
have a causal effect in connection with the occurrence of peri-implant changes seen as a

51,52

possible precursor of implant loss™ . In addition, Bain has noted that the implant prognosis

improves if the patient stops smoking’.

The purpose of this article was to investigate possible negative effects of smoking on the
probability of survival of implants in patients of the Tiibingen implant research register™.
The results could have an immediate influence on counseling implant patients on the
dangers of smoking in connection with dental implant treatment and also on planning

dental implant treatment in general.

Material and Methods

The data derived from a patient survey were linked to the data of the Tiibingen implant
register in an anonymous form. The patients' smoking habits and their possible effects on
the probability of survival of the implants they received were determined in the course of a

subsequent study.

There was no possibility of finding 353 patients. All of the other 1 352 patients who
regularly participated actively in post implant treatment (cf. Table 1) and who had
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attended the post-implant examinations were contacted. They had received a total of 2 542

implants representing various systems.

A questionnaire and a letter was sent to these patients™. They were prepared in
cooperation with the Psychological Institute of the University of Tiibingen in a similar

56-58

form to comparable studies™ . The questions regarding smoking habits were integrated
into a complex of questions to prevent manipulation of answers. The most important
questions were formulated as casually as possible to ensure a spontaneous answer from the

patient without tactical considerations.

A subject was assessed as a smokerfor an implant as follows: 1. if the question "do you
smoke?" is answered with "yes" and no times are given, 2. if the patient only stopped
smoking after placement of the implant. Non-smokers are the following: 1. if the question
"do you smoke?" is answered with "no" and no times are given, 2. if the patient stopped
smoking at least three years before placement of the implant. It had to be assumed that in
patients that had stopped smoking just shortly before implant placement (less than three
years before) the side effects of smoking had not disappeared completely. In addition, the
number of such patients was so small that they could ignored without distorting the

results.

Data pertaining to other than the patients' smoking habits were taken exclusively from the
Tiibingen implant register. This was because the register data are more reliable regarding
number of implants, time of operation and implant data than information given by the

patient on the survey form. The data were given in anonymous form for this article

The data were statistically evaluated with the commercial statistics program SAS™. A
distinction was made between losses during the healing phase and losses during functional

loading.

The Kaplan-Meier method™ ™ was used to calculate an estimated value for all times
observed during the entire period of observation of the implants. This gives the probability

that an implant represented by a spot test is still 7n s7tu. The graph of the estimated value
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curve is the Kaplan-Meier curve (see Fig 1). A 95% confidence interval is shown for every

estimate.

To compare the Kaplan-Meier curves between different implant groups (e.g., implants in
smokers or non-smokers, implants in the maxilla or mandible), the log-rank test for equality
of the two groups was run®. This means that the probability of survival for the two implant

groups in question are equal was tested.

It can be assumed that the survival time of multiple implants in the patient's mouth is
interdependent (e.g. a traumatic influence). In practice such simultaneous losses occur

rather scarcely *.

On the other hand, the random selection of a single implant may be the source for
distortion. The selection of a failed implant or the selection of a successful one is of
strong significance if only very few losses could be observed, as in case of the implant

systems used by us.”

Consequently, the estimated survival time analysis according to Kaplan-Meier were

performed in this study without selecting one implant per patient.

Patients with an average daily consumption of up to 10 cigarettes, “light smokers", were
distinguished from smokers with an average consumption of more than 10 cigarettes, who

were classified as “heavy smokers".

The connection between implant location and effect of smoking was evaluated using

separate studies for the maxilla and mandible.

The implants were, of course, also examined considering other factors: implant type, length,
diameter, type of prosthetic restoration, other dental measures if necessary, diseases etc.
These factors can not be excluded or influenced in a treatment-related study. However, ina
preliminary examination it had been assessed that relevant factors (implant type,

prosthetics) were equally present in the control groups and sub-groups.
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Results

1 000 of the 1 352 questionnaires sent out were returned within two months. This
corresponds to a return rate of 74%. A total of 934 (93%) of the returned questionnaires
could be evaluated (see Table 2). Of the 66 returned questionnaires that could not be
evaluated, 19 were not completed, 16 were incompletely filled out and 31 had clearly

implausible information.

Description of patients and placed implants

The 934 patients whose information could be evaluated consisted of 473 female and 461

male. Table 3 shows the number of patients in the study divided by genderand shows the

division into smokers and non-smokers. There were 346 non-smoking male patients and 115
male smokers. There were 365 female non-smokers and 108 female smokers. Fig 2 shows only
the 180 patients who supplied information on the type and quantity of their tobacco
consumption. The amount of tobacco consumed ranged from one to 40 cigarettes, pipes or
cigars per day. There were four pipe-smokers and six cigar smokers among the smokers.
These two groups were not evaluated separately from the cigarette smokers because of the

small number in each group.

Implants: a total of 1,776 implants could be evaluated for the 934 patients who returned
completed questionnaires; 1,379 implants (77.7%) were placed into non-smokers and 397

implants (22.3%) were placed into smokers.

Of the total of 1,776 placed implants 916 were placed into female (52%) and 860 into male
(48%). Table 4 shows the number of implants placed by gender and the distribution of

smokers and non-smokers.

All implants in the patients involved were considered for the study of the age distribution
of the patients at the time of the operation. The result of this is that patients who
received multiple implants appear several times in the study with their age at the time of

the implant in question.
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Based on the number of all implants, the average age at the time of implant placement was
34.8 years. The youngest patient was 9 years old at the time of implantation, the oldest 81
years. Fig 3 shows the patients classified into five age groups separated by smokers and

non-smokers. The number of smokers among the implant patients decreased with increasing

age.

The patients included in the study received implants of the following types: Bonefit,
Branemark system, Frialit-2, IMZ, ITI-Extensions, TPS and Tiibingen (Fig 4)

The prosthetic indicationthat resulted in the placement of an implant was documented
preoperatively in the implant register. Five indications defined by the clinical situation
were defined: single-tooth replacement, distal-extension situation, larger tooth-bounded

gap (n>1) and edentulous maxilla and mandible.

Most implants that could be evaluated were placed to replace a single tooth (862), as shown
in Fig 5. Next was distal-extension restoration with 295 implants and then restoration of
edentulous mandible with 291 implants. Wide gaps were restored using 210 implants and

118 implants were placed to restore the edentulous maxilla.

The individual implant /ocations are summarized in four jaw regions (Fig 6): anterior and
posterior teeth in the maxilla and mandible. No distinction was made between the right and
left sides. The anterior teeth include the incisors and the canines. Most implants (821) were
placed in the anterior maxilla for both smokers and non-smokers. Next was the posterior
mandible (434 implants) and the anterior mandible (286 implants). 235 implants were placed

into the posterior maxillary region.

Probability of success and implant loss

Larly losses: 60 implants were lost before prosthetic restoration. The percentage of
implants lost prior to prosthetic restoration is 4.3% for smokers® and 3.1% for non-
smokers”. The slightly higher number (by a factor of 0.4) of implants lost before prosthetic

restoration in smokers is not significant, as shown by the chi-squared test.
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Total observation period: the loss rate among smokers over the entire observation period
was 17% compared to 10% among non-smokers. This corresponds to an increased implant
loss rate among smokers compared to non-smokers at the level p=0.05 significant by the

factor 1.7:1.

The estimated values for the probable survival rate calculated by the Kaplan and Meier
method for smokers and non-smokers are compared in Fig 7. The lines show the estimated
values and the circular series mark the limits of the 95% confidence intervals. The
confidence limits of the values for smoker implants are shown by light circles while the
confidence limits of the values for non-smoker implants are shown by dark circles. The log-
rank test for smokers compared to non-smokers resulted in the p-value of 0.001, marking
the two estimated value curves shown in Fig 7 as significantly different. This confirms that
the probable survival rate for implants in smokers is significantly lower than that for non-
smokers over the observation period. This is also shown by the confidence intervals, which

with sufficient case numbers do not overlap in the first years.

Amount of tobacco: the loss rate among heavy smokers (over 10 cigarettes a day) was 20%
compared to 16% among patient who smoke less. However, this difference is not significant
(chi-squared test at 5% levels). Fig 8 shows the estimated value curves for implant success
in connection with the amount of tobacco smoked for the smokers who provided
information on the amounts smoked. The p-value of 0.94, result of the log-rank test,
characterizes the two estimated value curves for heavy smokers and light smokers as not

significantly different. This is also confirmed by the strong overlap of the two curves in

Fig 8.

Implant site: the connection between implant location and implant success was studied
with a comparison between maxilla and mandible. The loss rate for maxillary implants in
smokers was 21.3% compared to 11.6% for non-smokers. This difference was significant at
the 5% level. Fig 9 shows the probable survival rates and confidence intervals for maxillary
implants in comparison between smokers and non-smokers. The p-value of 0.0002, result of
the log-rank test, characterizes the two curves as significantly different, i.e. the probable

survival rates of maxillary implants for smokers was significantly reduced.
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The loss rate for mandibular implantsin smokers was 8.1% and for non-smokers 7.0%, i.e.
only a coincidental difference. Fig 10 shows probable survival rates and associated
confidence intervals for non-smokers and smokers with mandibular implants. The p-value of
0.66, result of the log-rank test, characterizes the two curves as not significantly
different.

Discussion

The high return rate of 69.1% indicates that the sample under study is a representative
cross section of the Tiibingen implant patients and leads to the conclusion that the
patients have a close relationship with the Tiibingen clinic. This assumption is supported by
the comparative age and gender distribution of the sample patient group and the frequency
of the occurrence of the various implant types used, the proportions of which correspond
to total proportions of the implant types used in Tiibingen™. The connection between the
age distribution of the patients and implant indication shows that the data material is
representative: a high proportion of patients in the age groups under 40 with an equally
high proportion of implants, which were placed for restoration of interdental spaces with
an emphasis on the anterior maxillary region. Restoration of patients with single-tooth

60,63

implants in the anterior region is a particularly frequent implant indication in Tiibingen™".

The high number of implants evaluated (N = 1776) makes the absolute number of implants
placed in smokers (N =397) sufficiently high, in spite of the relatively low percentage, to
allow reliable evaluation of possible effects of smoking. The study by Bain and Moy’

examined 390 implants in smokers, while De Bruyn and Collaert™ examined 114.

It is notable that the proportion of implants placed in smokers in this study was only about
one fifth of all implants. The proportion of smokers in the population over 16 years was
calculated at 34.6% in 1992”. The smaller number of smokers among the implant patients is

possibly the result of a higher health consciousness in this group.

The failure rate during the healing phase was not significantly different between smokers
and non-smokers (4.3% loss in smokers compared to 3.1% for non-smokers). This result is

comparable with that of De Bruyn and Collaert” and Lambert, Morris, et al. ”.
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Comparison of implant loss rates for smokers and non-smokers for the entire observation
period yielded a loss rate higher by a factor 1:1.7 for smokers compared to non-smokers.

This result suggests that smoking significantly increases the danger of implant loss.

The comparison of the probable survival rate values as per Kaplan and Meier very clearly
shows how much the implant prognosis is adversely affected by smoking with significantly
reduced values (p=0.0006) over the entire observation period for implants placed in
smokers. Any dosage dependency for the effects of smoking could not be found in this
study (see Fig 8). The proven negative effects of smoking on the prognosis of success of
implants were clearly shown even with relatively low daily consumption. Comparison with
other implant studies is not possible in this case, because none of the comparable studies
addressed the question of whether the amount smoked affects the probable survival rate. A
dosage dependency has been confirmed with natural teeth for periodontal bone atrophy™

45,46

and the success of periodontal therapies™.

The marked detrimental effect of smoking on maxillary implants, which has also been

7,9,10,45,46,51

observed by other authors , allows conclusions on the effects of tobacco smoke to be
drawn. Possibly, the implants placed in the maxilla are affected in their success rate
because they are more strongly subjected to the local effect of tobacco smoke and its
ingredients than the mandibular implants, which are protected by the tongue. This may lead
to the conclusion that damages of the osseointegration are due especially to the local
effect of residual tobacco smoke on the peri-implant tissues, even if experimental results

are still missing.

It can be hypothesized that the mechanisms of the effects of tobacco smoke discussed in
connection with dental surgery and periodontology operate similarly in implant dentistry
and that nicotine-induced effects such as gingival ischemia® and functional disturbances

34,35

of the polymorphous cellular nucleus leukocytes™ also contribute to the deterioration of

the implant prognosis.

In addition to these chemical-toxicologic effects, which are induced by components of
tobacco smoke, mechanical factors could play a role in connection with possible implant

losses caused by smoking. It has long been known that touch sensitivity and pressure
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reception is reduced by a factor of approximately 10 in implants compared to natural
teeth™”. Because there are no tissue-hinding peri-implant structures with implants,
pressure forces acting on the implant are transferred directly to the surrounding bone
without transformation. The higher threshold of perception for effective forces has the
result that forces that the tongue and soft tissues may exert on implants™ cannot be
perceived, although they can cause pressure loading on the bone and can adversely affect
integration of the implant into the bone. As a result, such loads are more dangerous to the
implant than strong chewing loads, which can be perceived and result in corresponding

protective reactions. The imperceptible loads also occur more often.

Forces that might damage the implant because they are below the threshold of perception
also occur in connection with smoking. During suction on a cigarette, lip pressure and
tongue movements increase. This can lead to imperceptible but damaging forces acting on
the implants. The finding that the probable survival rate for maxillary implants is
particularly strongly reduced supports this hypothesis, as the anterior maxilla is

particularly exposed to soft tissue movements”™.

Conclusions

This study supports the hypothesis that smoking must be considered a risk factor in implant
dentistry. This result is not surprising since the negative effects of smoking are well

22,27-29

known. Numerous studies that show smoking as a cause of damage to intraoral tissue

40-42

and as a negative effect on the healing of wounds™™ also point to the negative effects of

smoking on the probable survival rate of implants.

The exact mechanisms of influence on implants resulting from smoking ultimately cannot be
explained by this study. However, the results do support the hypothesis that the local
effects of smoking also play a role, particularly if their effects are extended over a longer
period, similar to those discussed in connection with the effects of smoking on the

intraoral tissue and wound healing in that area™™

. In addition, a negative influence on
implants caused by pressure loading below the threshold of perception is likely from the

increased movements of tongue and soft tissue caused by smoking.
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The significantly higher risk of implant loss caused by smoking should lead to the,
unfortunately utopian, demand that implant patients stop smoking. Because the risk of loss
for smokers was higher than for non-smokers over the entire observation period, regardless
of the amount smoked, the placement of an implant should be the cue for general
abstinence from nicotine not only during the healing phase. Patients who smoke should be
intensively counseled on the potential negative effects on the success of the dental

implant rehabilitation.
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Table 1 Times how long all 934 patients were followed. Mean value: 5.47 years

Follow-up Number of
time patients

1 114
2 126
3 96
4 113
5 98
6 83
7 57
8 52
9 63
10 42
12 44
14 6
16 34
18 6
years

Return to the text
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Table 2 Return rate and usefulness of 1352 questionnaires sent out.
Result Number Rate
evaluation possible: 934 69.1%
not returned: 352 26.0%
clearly implausible information: 31 2.3%
not completed: 19 1.4%
incompletely filled out: 16 1.2%
Sum: 1352 100.0%

Return to the text
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Table 3 Gender distribution of patients
Result Number Rate
female smokers 108 11.6%
female non-smokers 365 39.1%
male smokers 115 12.3%
male non-smokers 346 37.0%
473 female and 461 male 934 100.0%
Return to the text
Table 4 Distribution of implants by gender
Result Number Rate
female smokers 202 11.4%
female non-smokers 714 40.2%
male smokers 195 11.0%
male non-smokers 665 37.4%
916 placed in females; 860 in male 1776 100.0%
Return to the text
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