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ABSTRACT

Introduction: Smoking affects the survival of turned titanium implants. Although smoking has less impact on the failure
rate of rough surface implants, the effect on bone loss on rough surface implants has not been studied yet and may be an
important factor in biological stability.

Aim: To determine the effect of smoking on early implant failures and bone remodeling around moderately rough implants
(Southern Implants®, Southern Implants, Irene, South Africa).

Materials and Methods: Three hundred twenty-nine patient records, containing information on 712 installed implants, were
scrutinized retrospectively and periapical radiographs were analyzed for interproximal bone level. Mann-Whitney U-test
and Fisher’s exact test were performed to compare bone level and implant survival in smokers and nonsmokers. Only
implants with at least 6 months of function time were analyzed for bone level changes.

Results: The overall survival rate was 98.3%. Implants in smokers had a threefold higher failure rate compared with
nonsmokers (5/104 = 4.8% vs 7/608 = 1.2%). This was statistically significant on implant level (p = .007) but not on patient
level (1/41 vs 7/288, p=.997). Readable radiographs from 363 implants in 169 patients were available with a mean
follow-up of 12 months (SD 5.11; range 6-28). The mean interproximal bone level was 1.36 mm (1 = 363; SD 0.41; range
0.48-3.70). Bone levels were independent of jaw location. Sixty implants from 21 smokers lost statistically significantly
(p=.001) more bone (mean 1.56; SD 0.53; range 0.75-3.22) than the 303 implants in 148 nonsmokers (mean 1.32 mm; SD
0.38; range 0.48-3.7). The maxilla is especially prone to bone loss compared with the mandible (1.70 mm vs 1.26 mm,
p<.001).

Conclusion: The Southern Implants® system demonstrated a high absolute survival rate. Although smokers are not more
prone to implant loss, more pronounced peri-implant bone loss was observed, especially in the maxilla. Whether this affects
future biological complications remains to be investigated in prospective long-term studies.

KEY WORDS: bone loss, dental implant, implant success, implant survival, modified surface, smoking, Southern
Implants®

INTRODUCTION and respiratory disease.'™ In oral health related studies,

Smoking is generally known to have a negative impact tobacco smoking has been associated with tooth loss,

loss of periodontal attachment, vertical bone loss, and

on general health and has been identified as a risk factor boe

for cancer, heart disease, peripheral vascular disease, less healing response.

Since the early days of implant dentistry, clinical

) i studies have discovered that several patient related
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factors influence implant outcome, such as age, dia-

smoking.”” Also, the prevalence of periodontitis has
5,10,11

Because periodontitis-susceptible individuals have an
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seems especially prone to failure.””* In particular the
risk of early failures, before prosthetic loading, is
elevated, possibly because of the exposure of peri-
implant tissue to tobacco and its negative impact on
peri-implant and bone healing.'***** Although there is
sufficient evidence that implant survival in smokers
is hampered, little is known about bone remodeling
around the implants in smokers.”® A limited number of
studies have reported more bone loss in smokers com-
pared with nonsmokers.'®*>?*?® This seems to be more
pronounced in the maxilla than in the mandible.”>*” One
should clearly keep in mind that the afore mentioned
studies were mainly describing the outcome of smooth
surface implants. Studies on smoking with rough surface
implants are limited and are not conclusive.

The aim of this retrospective study was therefore
to evaluate the outcome of moderately rough implants
(Southern Implants®, Southern Implants, Irene, South
Africa) with respect to self-reported smoking habits of
the patients.

MATERIALS AND METHODS
Study Group and Criteria

During a 5-year period, 712 Southern Implants® were
placed in two private periodontal specialty clinics in
Belgium by two experienced periodontists. They were
both trained at the same dental school, performed the
surgery according to a given protocol, and took care
of professional maintenance including radiographic
follow-up. Only patients treated with the same implant
system were selected. The implants had an enhanced
abraded surface of rutile titanium obtained through
sand-blasting, described as moderately rough. Data col-
lection was based on anonymized patients’ files and the
protocol was accepted by the university hospital’s ethics
committee. Variables extracted from the files were:
implant type, length, diameter, patient age and gender,
implant position, loading protocol, date of surgery, 1 or 2
stage surgery, smoking status, complications, use of bone
graft, implant site, and type of prosthetic reconstruction.
Available periapical radiographs were scrutinized in
order to evaluate bone levels. Radiographs were in
general taken after abutment connection prior to sending
the patient back to the referring dentist for prosthetic
rehabilitation. Additional radiographs were taken by the
periodontists during regular maintenance sessions. A
radiographic film holder was used to have the x-ray beam
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perpendicular to the film in order to visualize the implant
threads and bone-to-implant contact level. In order to
have a consistent method of data collection only radio-
graphs taken by the treating periodontists were included
in the material. Unreadable radiographs were discarded
and accordingly these patients were not included in sta-
tistical analysis. Only implants at least 6 months in func-
tion were included in the study group.

Radiographic and Statistical Analysis

Analyses were done by one independent examiner (S.V.)
not involved in the actual patient’s treatment. Radio-
graphs were evaluated for interproximal bone level
changes from the abutment-fixture interface, arbitrarily
taken as baseline level. These were measured using
DBSWIN software (Dtirr Dental AG, Bietigheim-
Bissingen, Germany) with an accuracy of 0.1 mm.
Radiographs were calibrated using the known thread
pitch as a reference. Mesial and distal values were aver-
aged to obtain a single bone level value per implant.
Statistics were performed with SPSS® v16 for Windows
(SPSS Inc., Chicago, IL, USA). Mann-Whitney U-test
was used for comparison of bone loss over time. Fisher’s
exact test was used for statistical comparison of implant
failure and success rate in smokers and nonsmokers.

Survival rate was based only on the fact that the
implant was still present but not related to the bone
value. Implants lost or removed because of non-
osseointegration or infection were called failures. The
function time and survival rate calculation were consid-
ered from abutment connection until time of evaluation
of the patient’s record. This was done under the assump-
tion that the patient would have returned or would have
been referred in the event where the implant failure
occurred. The individual implant success rate was cal-
culated in order to compare smokers with nonsmokers,
with respect to bone remodeling. An individual implant
was dichotomized as either a success (value 1) or a sur-
vival (value 0) for Kaplan-Meier analysis. Implants up to
1 year in function were called a success when bone level
during the first year was located <1.5 mm below the
reference point; implants longer than 1 year in function
were successful when bone level was <1.5 + [0.2 X (time
in months — 12)/12] mm.* The function time for bone
level calculation was the time between abutment con-
nection and date of last available radiograph.

All patients followed a maintenance protocol during
the first months with the periodontist who placed the
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TABLE 1 Implant and Patient Distribution of the Total Material and the

Subgroup (at Least 6 Months in Function). Failures Are Given Between
Brackets

Implant Survival
(Total Group)

Implant Bone
Level (Subgroup)

Implants Patients Implants Patients
712 (12) 329 (8) Total 363 169
104 (5) 41 (1) Smokers 60 21
608 (7) 288 (7) Nonsmokers 303 148
325 (8) 141 (4) Male 168 68
387 (4) 188 (4) Female 195 101

implant. Afterwards, the patient was sent to the referring
dentist for prosthetic work. Some patients preferred to
have their regular maintenance at their own dentist and
they were not included in the subgroup.

RESULTS

Implant Survival

In total 329 patient’s records (141 males, 188 females)
were evaluated (Table 1). The mean age was 54 years
(SD 13.44, range 18-84) and 41 patients (12.5%) were
smokers. After a mean survival period of 22 months
(n=712; SD 12.9; range 0-58), 12 implants had failed,
resulting in an overall survival rate of 98.3%. An over-
view of implant length and diameter is shown in
Table 2. Implant position is described in Figure 1. The
712 implants supported 204 single crowns, 99 fixed
partial dentures, 23 fixed cross-arch bridges, and 66
overdentures.

One hundred-four implants were installed in 41
smokers (20 males, 21 females) and five failed (4.8%); of
the total 608 implants installed in 288 nonsmokers (121
male, 167 female) seven failed (1.2%). In the smokers
group, 5/51 (9.8%) implants failed in the maxilla,
whereas 0/53 implants failed in the mandible. In the
nonsmoking group, 3/261 (1.1%) implants failed in the
maxilla and 4/347 (1.2%) in the mandible. In total, eight
patients out of 329 (2.4%) experienced implant failures.
However, only one out of 41 smokers (2.4%) compared
with seven out of 288 nonsmokers (2.4%) experienced
implant failures. Hence, no significant difference was
found in implant failure rate on patient level between
smokers and nonsmokers (p = 1.000).

Implant Bone Level

A subgroup of 363 implants from 169 patients was
selected on the basis of readable radiographs and a

TABLE 2 Implant Distribution According to Implant Length and Diameter.

Failed Implants Are Given Between Brackets

Diameter (mm)

Length
(mm) 3.50 3.75 4.00 430 5.00 6.00 Total
8.50 0 0 0 12 6 22
10.00 0 46 0 21 (1) 15 (1) 90 (2)
10.50 3 0 4 0 0 7
11.50 0 26 73 (1) 0 30 8 (1) 137 (2)
12.00 0 0 2 0 0 0 2
13.00 0 33 (1) 97 (4) 0 34 (2) 8 172 (7)
13.50 10 0 0 8 0 0 18
15.00 0 46 167 0 42 (1) 3 258 (1)
16.50 1 0 0 1 0 0 2
18.00 0 4 0 0 0 0 4
Total 14 121 (1) 385 (5) 13 139 (4) 40 (2) 712 (12)




Implant Position
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Figure 1 Implant distribution according to position.

function time of at least 6 months (see Table 1); 21
smokers with 60 implants and 148 nonsmokers with 148
implants were included. After a mean follow-up of 1
year (n=363; SD 5.11; range 6-28), the overall mean
interproximal bone level was 1.36 mm (SD 0.41; range
0.48-3.70). Bone levels were independent of jaw loca-
tion (p =.481). Table 3 gives an overview of bone level
changes in smokers and nonsmokers. Implants installed
in smokers lost significantly more bone compared with
those in nonsmokers in the maxilla (p < .001) but not in
the mandible (p =.253).

Implant Success

The Kaplan-Meier survival curve was calculated on indi-
vidual implants with their respective loading time in
nonsmokers and smokers. In the latter group 20% less
success was found after 1 year (Figure 2). The overall
success rate based on mean bone level, based on
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radiographs taken between 6 and 28 months, was 71.9%;
76.2% in nonsmokers, compared with 50.0% in smokers
(p <.001). Table 4 gives an overview of success rates per
jaw for smokers and nonsmokers. In the maxilla and
mandible, the success rate was significantly higher in the
nonsmokers than in the smokers.

DISCUSSION

Although the Southern Implants® system lacks long-
term survival studies, some good clinical studies are
available showing an implant survival of 96.5% (77—
100%).”'~*” With a 98.3% survival rate the present study
confirms this good clinical outcome albeit limited to a 1
to 2 years of function time. More long-term studies are
needed to give insight in the long-term prognosis. Addi-
tionally, the present study reflects the everyday clinical
situation and reports a good clinical outcome that is
comparable with other systems.

TABLE 3 Overview of Bone-Level Changes in Smokers and Nonsmokers Given per Jaw

Nonsmoker Smoker p Value
Maxilla & Mandible 1.32 mm (n = 303; SD 0.38; range 0.48-3.70) 1.56 mm (n = 60; SD 0.53; range 0.75-3.22) 0.001*
Maxilla 1.26 mm (n=119; SD 0.31; range 0.59-2.06) 1.70 mm (n =29; SD 0.60; range 0.84-3.22) <0.001*
Mandible 1.36 mm (n = 184; SD 0.41; range 0.48-3.70) 1.43 mm (n =31; SD 0.42; range 0.75-2.37) 0.053
p Value 0.084 0.108

*Statistically significant at 0.05 level with Mann-Whitney U-test.
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Figure 2 Kaplan-Meier survival curve, showing the increased
bone remodeling in time in smokers compared to nonsmokers.
The situation in the nonsmokers group is moving to a steady
state after 1 year, whereas the smokers continue to loose bone.

Recent studies report good survival and success
rates when the implants were immediately loaded.’*
Only a small number of implants (11.4%) in the present
study were immediately loaded with a survival rate was
80/81 (98.8%).

In the present report, a mean bone level value of
1.36 mm after an average function time of nearly 1 year
is within the limits of the internationally accepted
success criteria.’® The inclusion of radiographs with at
least 6 months of follow-up was based on earlier studies,
reporting that the initial bone remodeling after surgery
and abutment connection stabilizes after 6 months in
the maxilla and the mandible.”®* Additionally, success
rate was calculated on implant level. As suggested by De
Bruyn and Collaert,* the calculation on patient level can
hide some clinical information when multiple implants
are present. Indeed, one implant with a more pro-
nounced bone loss can be masked when the other
implants have a normal bone adaptation. Calculating
success per individual implant is a more appropriate way
to evaluate biologically related problems such as bone
loss but may result in lower implant success rate. As a
level for success 1.5 mm was arbitrarily chosen because
currently, there are no success criteria dealing with early
bone remodeling between fixture insertion and connec-
tion of the prosthesis as described by Astrand and col-
leagues.’ The same methodology was used recently to
compare smooth turned titanium implants (Brdnemark
System, Nobel Biocare, Zurich, Switzerland) with mod-
erately rough TiOblast implants (Astra Tech Dental,
Molndal, Sweden).** The success was 57.1 and 78.4%,

respectively, after 1 year. In the present report, after
nearly 1 year, the individual success was 74.1%.
Although the Southern Implant® has a design similar to
the Brdnemark implant, the surface topography may
probably account for the better performance in bone
preservation. Whether this may affect the prevalence of
peri-implantitis in the long run remains to be investi-
gated in long-term follow-up studies. Kaplan-Meier
survival calculation reveals that the bone level in the
nonsmokers decreases after 1 year to reach a steady state,
whereas the implants in the smokers continue to lose
bone (see Figure 2).

The present study shows that implants in smokers
fail 3.7 times more frequently than in nonsmokers. This
is in accordance with earlier data reporting 2.6, 4.3, and
even nine times more failures in smokers.”*** These
results are mainly caused by the situation in the maxilla,
where a more pronounced failure rate was observed.
This is in contrast with the situation in the mandible,
where no differences in failures were found between

7,17,20,22,23,29,44,

smokers and nonsmokers. 45 Some authors

found no difference in failure rate with surface modified

and nonsmokers,*>°

implants between smokers
whereas others reported more implant failures in
smokers.!'?>°132 However, some of the afore mentioned
papers included in their studies also turned surface
implants next to moderate rough surface implants that
may obscure the conclusions.*®*

Although the present study showed more absolute
implant failures in smokers compared with nonsmokers,
this could not be confirmed on patient level. Hence, the
statement that smokers are more at risk for early implant
failure can therefore not be sustained. One should,
however, keep in mind that the proportion of smokers in
the present study was only 12.5% of the total group,
which is smaller than is to be expected in the Belgian

population. In 2004, 28% of the Belgian population

TABLE 4 Overview of Implant Success Levels in
Smokers and Nonsmokers Given per Jaw

Nonsmoker Smoker p Value
Maxilla & Mandible 76.2% 50.0% <0.001%
Maxilla 77.3% 41.4% <0.001*
Mandible 75.5% 58.1% 0.050
p Value 0.783 0.301

*Statistically significant at 0.05 level with Fisher’s exact test.
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Figure 3 Cumulative percentage of peri-implant bone
remodeling based on all radiographs (6-28 months in
function), smokers compared with nonsmokers.

were smokers.” A positive patient selection may
enhance the positive outcome and hence, it is recom-
mendable to inform the smoking patient of possible
multiple implant failures.

The findings from the present study show that
the mean peri-implant bone level is lower in smokers
(Figure 3) after the

initial 9 months. This confirms the findings by other
16,17,26,29,54,

compared with nonsmokers
studies. > This difference is not observed in the
mandible (Figure 4) but evident in the maxilla and in
conjunction with other papers.*
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Figure 4 Box plot representing peri-implant bone level in
smokers and nonsmokers after at least 6 months in function,
comparing mandible and maxilla.
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Although the effect of smoking on implant treat-
ment outcome is not completely known, the fact that
especially the maxilla seems to be more prone to fail-
ures and bone loss leads to the question what different
influence cigarette components can have on the maxilla
and the mandible. The first hypothesis is related to the
bone quality. Several studies report worse bone quality
in the maxilla compared with the mandible, even in
nonsmoking patients.’®” Some authors suggested that
smoking has an adverse effect on the bone mineraliza-
tion in the whole human body, which results in a

decreased bone density.*>**

Because good bone
quality is one of the factors of success for implant
treatment, this might explain the higher failure rate in
smokers, especially in the maxilla."”"*** Unfortu-
nately, information of the subjective perception of
bone quality could not be retrieved from the patients’
records. Today, with the availability of surface modified
implants and wider implants, this is probably not the
most decisive issue as implant stability can be
improved by choosing an appropriate implant. Addi-
tionally, the surgeon usually adapts the drilling proto-
col to improve bone compression and enhance initial
implant stability.”® The second explanation is related to
the local influence of tobacco on the peri-implant
tissues. Several studies report two times more compli-
cations during wound healing after surgery.'*®*" It is
suggested that the direct exposure of the peri-implant
tissues to tobacco and increased vasoconstriction after
nicotine inhalation may be responsible.?*?>*»2>4536 Thyjs
may result in inadequate integration of the implant.*>®®
Also, higher levels of plaque and bleeding were
reported in smokers, which results in more bone loss
around the implant and can lead to failure over
time.>”? The mandible is partially protected by the
tongue to these negative influences, which might
explain the better results in the mandible, comparable
to the results in nonsmokers.”>** Kourtis and col-
leagues® found more peri-implant bone loss in
smokers, but included a mixture of different rough
implant surfaces.

And finally, some surface modifications, such
as the acid-etched roughened surface,”® the anodized
surface,'! or titanium oxide sandblasted surfaces,*®
are preserving bone loss, but whether this also per-
tains to smokers remains inconclusive and more
control trials are

prospective and randomized

warranted.
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CONCLUSION

Although some authors report smoking as a risk factor

for early implant failure, this could not be sustained in

the present study. On the other hand, pronounced peri-

implant bone loss was seen among smokers, especially in

the maxilla, which may lead to future biological compli-

cations. More research is needed to identify the impact

of different surfaces on the treatment outcome in

smokers. Until then, it is advised to warn smoking

patients of the risk when undergoing implant surgery.

REFERENCES

1.

10.

11.

12.

13.

14.

Fielding JE. Smoking: health effects and control (1). N Engl
] Med 1985; 313:491-498.

Millar WJ, Locker D. Smoking and oral health status. ] Can
Dent Assoc 2007; 73:155.

Peto R, Lopez AD, Boreham J, Thun M, Heath C Jr, Doll R.
Mortality from smoking worldwide. Br Med Bull 1996;
52:12-21.

La Vecchia C, Boyle P, Franceschi S, et al. Smoking and cancer
with emphasis on Europe. Eur J Cancer 1991; 27:94-104.
Baljoon M, Natto S, Bergstrom J. The association of smoking
with vertical periodontal bone loss. J Periodontol 2004;
75:844-851.

Scabbia A, Cho KS, Sigurdsson TJ, Kim CK, Trombelli L.
Cigarette smoking negatively affects healing response follow-
ing flap debridement surgery. ] Periodontol 2001; 72:43—-49.
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.

Paquette DW, Brodala N, Williams RC. Risk factors for
endosseous dental implant failure. Dent Clin North Am
2006; 50:361-374, vi.

Vehemente VA, Chuang SK, Daher S, Muftu A, Dodson TB.
Risk factors affecting dental implant survival. ] Oral Implan-
tol 2002; 28:74-81.

Bergstrom J, Eliasson S, Preber H. Cigarette smoking and
periodontal bone loss. ] Periodontol 1991; 62:242-246.
Ortorp A, Jemt T. Clinical experiences of computer numeric
control-milled titanium frameworks supported by implants
in the edentulous jaw: a 5-year prospective study. Clin
Implant Dent Relat Res 2004; 6:199-209.

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.

Lindhe J, Meyle J. Peri-implant diseases: consensus report of
the sixth European workshop on periodontology. J Clin
Periodontol 2008; 35:282-285.

Schou S, Holmstrup P, Worthington HV, Esposito M.
Outcome of implant therapy in patients with previous tooth

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

loss due to periodontitis. Clin Oral Implants Res 2006;
179(Suppl 2):104-123.

Van der Weijden GA, van Bemmel KM, Renvert S. Implant
therapy in partially edentulous, periodontally compromised
patients: a review. ] Clin Periodontol 2005; 32:506-511.
Bain CA, Moy PK. The association between the failure of
dental implants and cigarette smoking. Int J Oral Maxillofac
Implants 1993; 8:609-615.

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

Schwartz-Arad D, Samet N, Mamlider A. Smoking and com-
plications of endosseous dental implants. J Periodontol
2002; 73:153-157.

Strietzel FP, Reichart PA, Kale A, Kulkarni M, Wegner B,
Kuchler 1. Smoking interferes with the prognosis of dental
implant treatment: a systematic review and meta-analysis. ]
Clin Periodontol 2007; 34:523-544.

De Bruyn H, Collaert B. The effect of smoking on early
implant failure. Clin Oral Implants Res 1994; 5:260-264.
Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological
factors contributing to failures of osseointegrated oral
implants. (II). Etiopathogenesis. Eur ] Oral Sci 1998;
106:721-764.

Haas R, Haimbock W, Mailath G, Watzek G. The relation-
ship of smoking on peri-implant tissue: a retrospective
study. J Prosthet Dent 1996; 76:592-596.

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.

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.

Reibel J. Tobacco and oral diseases. Update on the evidence,
with recommendations. Med Princ Pract 2003; 12(Suppl
1):22-32.

Lindquist LW, Carlsson GE, Jemt T. Association between
marginal bone loss around osseointegrated mandibular
implants and smoking habits: a 10-year follow-up study. J
Dent Res 1997; 76:1667—1674.

Carlsson GE, Lindquist LW, Jemt T. Long-term marginal
periimplant bone loss in edentulous patients. Int J Prosth-
odont 2000; 13:295-302.

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

Penarrocha M, Palomar M, Sanchis JM, Guarinos J, Balaguer
J. Radiologic study of marginal bone loss around 108 dental



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

implants and its relationship to smoking, implant location,
and morphology. Int J Oral Maxillofac Implants 2004;
19:861-867.

Albrektsson T, Zarb G, Worthington P, Eriksson AR. The
long-term efficacy of currently used dental implants: a
review and proposed criteria of success. Int ] Oral Maxillofac
Implants 1986; 1:11-25.

Esposito M, Murray-Curtis L, Grusovin MG, Coulthard P,
Worthington HV. Interventions for replacing missing teeth:
different types of dental implants. Cochrane Database Syst
Rev 2007: CD003815.

Hall JA, Payne AG, Purton DG, Torr B, Duncan WJ, De Silva
RK. Immediately restored, single-tapered implants in the
anterior maxilla: prosthodontic and aesthetic outcomes after
1 year. Clin Implant Dent Relat Res 2007; 9:34—45.

Nikellis I, Levi A, Nicolopoulos C. Immediate loading of 190
endosseous dental implants: a prospective observational
study of 40 patient treatments with up to 2-year data. Int J
Oral Maxillofac Implants 2004; 19:116-123.

Payne AG, Tawse-Smith A, Thompson WM, Kumara R. Early
functional loading of unsplinted roughened surface implants
with mandibular overdentures 2 weeks after surgery. Clin
Implant Dent Relat Res 2003; 5:143—153.

Payne AG, Tawse-Smith A, Thomson WM, Duncan WD,
Kumara R. One-stage surgery and early loading of three
implants for maxillary overdentures: a 1-year report. Clin
Implant Dent Relat Res 2004; 6:61-74.

Tawse-Smith A, Payne AG, Kumara R, Thomson WM. Early
loading of unsplinted implants supporting mandibular over-
dentures using a one-stage operative procedure with two
different implant systems: a 2-year report. Clin Implant Dent
Relat Res 2002; 4:33—-42.

Tawse-Smith A, Perio C, Payne AG, Kumara R, Thomson
WM. One-stage operative procedure using two different
implant systems: a prospective study on implant overden-
tures in the edentulous mandible. Clin Implant Dent Relat
Res 2001; 3:185-193.

Collaert B, De Bruyn H. Immediate functional loading of
TiOblast dental implants in full-arch edentulous maxillae: a
3-year prospective study. Clin Oral Implants Res 2008;
19:1254-1260.

De Bruyn H, Van de Velde T, Collaert B. Immediate func-
tional loading of TiOblast dental implants in full-arch eden-
tulous mandibles: a 3-year prospective study. Clin Oral
Implants Res 2008; 19:717-723.

De Bruyn H, Collaert B. Effect of Microthread design on
preservation of marginal bone loss. Appl Osseointegrat Res
2008; 7:38—47.

Astrand P, Engquist B, Anzen B, et al. A three-year follow-up
report of a comparative study of ITI Dental Implants and
Branemark System implants in the treatment of the partially
edentulous maxilla. Clin Implant Dent Relat Res 2004;
6:130-141.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Effect of Smoking on Early Bone Remodeling 213

Van de Velde T, Collaert B, Sennerby L, De Bruyn H. Effect of
implant design on preservation of marginal bone in the
mandible. Clin Implant Dent Relat Res 2009. (Epub ahead of
print)

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

Johnson GK, Hill M. Cigarette smoking and the periodontal
patient. J Periodontol 2004; 75:196-209.

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.

Aalam AA, Nowzari H. Clinical evaluation of dental
implants with surfaces roughened by anodic oxidation, dual
acid-etched implants, and machined implants. Int J Oral
Maxillofac Implants 2005/9; 20:793-798.

Bain CA, Weng D, Meltzer A, Kohles SS, Stach RM. A meta-
analysis evaluating the risk for implant failure in patients
who smoke. Compend Contin Educ Dent 2002; 23:695-699,
702, 704 passim; quiz 708.

Grunder U, Gaberthuel T, Boitel N, et al. Evaluating the
clinical performance of the Osseotite implant: defining pros-
thetic predictability. Compend Contin Educ Dent 1999;
20:628-633, 636, 638—640.

Kumar A, Jaffin RA, Berman C. The effect of smoking on
achieving osseointegration of surface-modified implants: a
clinical report. Int ] Oral Maxillofac Implants 2002; 17:816—
819.

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

Kourtis SG, Sotiriadou S, Voliotis S, Challas A. Private prac-
tice results of dental implants. Part I: survival and evaluation
of risk factors — part II: surgical and prosthetic complica-
tions. Implant Dent 2004; 13:373-385.

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

Health Institute of Public Health. Health survey Belgium
2004. Belgium: Scientific Institute for Public Health, January
2006.

Fartash B, Tangerud T, Silness J, Arvidson K. Rehabilitation
of mandibular edentulism by single crystal sapphire
implants and overdentures: 3—12 year results in 86 patients.
A dual center international study. Clin Oral Implants Res
1996; 7:220-229.

Mundt T, Mack F, Schwahn C, Biffar R. Private practice
results of screw-type tapered implants: survival and evalua-
tion of risk factors. Int J Oral Maxillofac Implants 2006;
21:607-614.

Baig MR, Rajan M. Effects of smoking on the outcome
of implant treatment: a literature review. Indian J Dent Res
2007; 18:190-195.



214

57.

58.

59.

60.

61.

62.

63.

Clinical Implant Dentistry and Related Research, Volume 13, Number 3, 2011

Truhlar RS, Orenstein IH, Morris HF, Ochi S. Distribution of
bone quality in patients receiving endosseous dental
implants. ] Oral Maxillofac Surg 1997; 55:38—45.

Bain CA. Implant installation in the smoking patient. Peri-
odontol 2000 2003; 33:185-193.

Bain CA, Beagrie GS, Bourgoin J, et al. The effects of spira-
mycin and/or scaling on advanced periodontitis in humans.
J Can Dent Assoc 1994; 60:212-207.

Duyck J, Naert I. Failure of oral implants: aetiology,
symptoms and influencing factors. Clin Oral Investig 1998;
2:102-114.

Friberg B, Jemt T, Lekholm U. Early failures in 4,641 con-
secutively placed Branemark dental implants: a study from
stage 1 surgery to the connection of completed prostheses.
Int J Oral Maxillofac Implants 1991; 6:142-146.

Tinsley D, Watson CJ, Ogden AR. A survey of U.K. centres on
implant failures. J Oral Rehabil 1999; 26:14—18.

Jones JK, Triplett RG. The relationship of cigarette smoking
to impaired intraoral wound healing: a review of evidence
and implications for patient care. J] Oral Maxillofac Surg
1992; 50:237-239; discussion 239-240.

64.

65.

66.

67.

68.

Meechan JG, Macgregor ID, Rogers SN, Hobson RS, Bate JP,
Dennison M. The effect of smoking on immediate post-
extraction socket filling with blood and on the incidence of
painful socket. Br J Oral Maxillofac Surg 1988; 26:402—409.
Preber H, Bergstrom J. Effect of cigarette smoking on peri-
odontal healing following surgical therapy. J Clin Periodon-
tol 19905 17:324-328.

Sweet JB, Butler DP. The relationship of smoking to localized
osteitis. ] Oral Surg 1979; 37:732-735.

W-Dahl A, Toksvig-Larsen S. Cigarette smoking delays bone
healing: a prospective study of 200 patients operated on by
the hemicallotasis technique. Acta Orthop Scand 2004;
75:347-351.

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.



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



