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The Effect of Cigarette Smoking on Dental
Implants and Related Surgery

Liran Levin, DMD* and Devorah Schwartz-Arad, DMD, PhDt

igarette smoking has come un-
‘ der increasing attack by numer-
ous groups, both within the
United States and worldwide. This at-
tack has been partially fueled by the
recognition of the increasing number of
diseases with which smoking has been
directly or indirectly associated. Cur-
rently, in the United States, there are
approximately 50 million smokers.!
The adverse effects on the cardiovas-
cular system are common knowl-
edge?? and are implicated in the
etiology of many cancers.?* Smoking
is now the leading avoidable cause of
morbidity and mortality in the United
States, with more than 500,000 deaths/
year in the United States alone.?
Nearly 4000 different gases and
chemicals are released during cigarette
smoking, including nitrogen, carbon
monoxide, carbon dioxide, ammonia,
hydrogen cyanide, benzene, nicotine,
nornicotine, anatabine, and anabasine.
Nicotine, considered the addictive com-
ponent of cigarette smoke, has been
implicated in the pathogenesis of nu-
merous diseases.®” Carbon monoxide
has a stronger affinity for hemoglobin
than oxygen, resulting in the displace-
ment of oxygen from the hemoglobin
and a lower oxygen tension in tissues.?
Current and lifetime tobacco smoking
are also associated with deterioration in
bone quality.’
The purpose of this article is to de-
scribe the relationship between cigarette
smoking and implant-related surgical
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Cigarette smoking is still con-
sidered a common habit. Of smok-
ers, increased plaque accumulation,
higher incidence of gingivitis and
periodontitis, higher rate of tooth
loss, and increased resorption of the
alveolar ridge have been found in
the oral cavity. Cigarette smoking
may adversely affect wound healing,
and, thus, jeopardize the success of
bone grafting and dental implanta-
tion. Bone grafts and sinus lift op-
erations are both common and
well-documented procedures be-
fore dental implant placement.
Heat as well as toxic by-products
of cigarette smoking, such as
nicotine, carbon monoxide, and hy-
drogen cyanide, have been impli-
cated as risk factors for impaired
healing, and, thus, may affect the
success and complications of those
surgical procedures. An associa-

tion among dental implants, graft-
ing procedures (i.e., bone grafts,
maxillary sinuses augmentation),
and history of smoking has been
reported. A higher degree of com-
plication, or implant failure rates,
were found in smokers with and
without bone grafts. The relation-
ship between cigarette smoking
and implant-related surgical pro-
cedures, including the incidence of
complications associated with
these procedures, will be described
and discussed based on relevant
literature and results of our recent
studies. (Implant Dent 2005;14:
357-363)

Key Words: success, sinus lift op-
eration, onlay bone graft, nico-
tine, wound healing

procedures (i.e., sinus lift operations,
bone grafts, and dental implantations),
including the incidence of complications
related to these procedures, and long-
term survival and success rates of dental
implants among smokers and nonsmok-
ers. The discussion is based on relevant
literature and results of our recent stud-
ies. The facts presented will assist dental
health professionals in treatment-
planning decisions and provide them
with important information to share with
patients who use tobacco products.

THE OraL CaviTy,
PERIODONTIUM, AND
DENTAL IMPLANTS

Of smokers, an increase in plaque
accumulation, a higher incidence of
gingivitis and periodontitis, a higher
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rate of tooth loss, and an increased
resorption of the alveolar ridge have
been found in the oral cavity.!® The
exact mechanisms in which tobacco
exerts its influence on periodontal tis-
sues are not completely known. It is
likely that smoking primarily has a
systemic influence by altering the host
response and/or by directly damaging
the periodontal cells.

The use of endosseous implants
has increased over the past decade in
certain edentulous situations. Bain and
Moy!! assessed the various factors that
predispose implants to failure in a
group of 540 patients who received
2194 Branemark System® implants
(Nobel Biocare USA Inc., Yorba
Linda, CA). The most significant fac-
tor was smoking. De Bruyn and Col-
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Procedure Criteria

Dental implants Marginal Bone Loss

5-Year Cumulative Survival Rate

Complications

Onlay Bone Graft Complications

Graft exposure and graft mobility
(Graft Failure)

Sinus Lift Operation Complications

Smokers Non-Smokers P value
0.15 mm 0.04 mm 0.001
87.8% 97.1% 0.001
46% 31% 0.05
50.0% 23.1% 0.05
33.3% 7.7% 0.05

66.7% 63.3% NS

Fig. 1. Study results on the relationship between cigarette smoking and implant-related
surgical procedures. These are findings of the authors’ recent studies concerning the influence
of cigarette smoking on cumulative survival rate, MBL, and the prevalence of complications, as
well as smoking influence on implant-related surgical procedures (i.e., sinus lift and bone graft

procedures).

laert'? found that smokers have a sig-
nificantly higher failure rate before
functional loading of implants than
nonsmokers. Lindquist er al'*!'* com-
pared marginal bone loss (MBL)
around osseointegrated dental im-
plants among smokers and nonsmok-
ers. Of smokers who also had poor
oral hygiene, MBL was nearly 3 times
as high as that in nonsmokers. Accord-
ing to Haas et al,'> smokers can have
detrimental effects around success-
fully integrated maxillary implants,
with a significantly higher bleeding
index, higher mean peri-implant
pocket depth, more frequent peri-
implant inflammation, and radio-
graphically higher mesial and distal
bone loss.

It is difficult to assess adverse ef-
fects of smoking on the prognosis of
implants on the basis of implant failure
alone. Specific factors, such as type
(e.g., coating, design) of implant and
immediate versus late implantation,
can also be assessed and compared
between smokers and nonsmokers.
These factors, related to clinical com-
plications, enable the evaluation of the
survival rate of the implants.

Our observations revealed a sig-
nificantly higher incidence of compli-
cations following dental implantation
among smokers. When the number of
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cigarettes/day and smoking years were
considered, a significantly higher inci-
dence of complications was found in
relation to quantity and duration of
smoking. In the smokers group, there
were more complications, regardless
of the time of implantation (immediate
vs. nonimmediate) (Fig. 1).!618

In a subsequent study, the influ-
ence of smoking on MBL around im-
plants was examined. In the maxilla,
heavy smokers (>10 cigarettes/day)
had the highest amount of bone loss,
followed by mild smokers (<10 ciga-
rettes/day) and nonsmokers. In the
mandible, there was no distinction be-
tween heavy and mild smokers, and
both had higher MBL than nonsmok-
ers. Overall success rate for all im-
plants was 93.2%. Nonsmokers had a
higher success rate (97.1%) than
smokers (87.8%) (P < 0.001) (Fig. 1).

Wounp HEALING

Cigarette smoking has long been
suspected as adversely affecting
wound healing. Arteriolar vasocon-
striction and decreased blood flow are
seen in response to smoking.!!!? Toxic
by-products, such as nicotine, carbon
monoxide, and hydrogen cyanide,
have been implicated as risk factors

for impaired healing.!” Smoking im-
pairs wound healing in various surgi-
cal operations, such as orthopedic (hip
or knee arthroplasty, open tibial frac-
tures)?*2! and plastic surgery (elective
facial esthetic procedures, cosmetic
and reconstructive breast operations,
abdominoplasty, free-tissue transfer,
and replantation procedures).?> Smok-
ing also compromises healing after
various mucogingival surgeries.?3-20

IMPLANT-RELATED SURGERIES

The most common augmentation
procedures for dental implants include
guided bone regeneration, sinus lift
operation, and bone grafting. Guided
bone regeneration is a common and
well described procedure for augmen-
tation, with considerable long-term
results.”’-?8 Sinus lift surgery has a pre-
dictable outcome as well, with an im-
plant survival rate >90% for 3-5
years.?33 It is considered a safe treat-
ment modality, with only minor com-
plications.** The use of autologous
bone grafts with dental implants was
originally described by Branemark et
al® in 1975, and is now a well ac-
cepted procedure in oral and maxillo-
facial rehabilitation.’¢-%

It is noteworthy that smoking is
considered a contraindication for pro-
tocols, such as bone regeneration and
bone grafting.** The predictability and
extent of periodontal regeneration are
associated with cigarette smoking.*!
Smoking adversely affects treatment
outcome, as measured by gains in clin-
ical attachment levels of intrabony de-
fects treated by regenerative therapy.*
An association between dental im-
plants placed in augmented maxillary
sinuses and history of smoking has
been reported.*> Smokers, after reha-
bilitation of severely resorbed maxil-
lae with and without bone grafts, have
a higher implant failure rate.!''#44
Cigarette smoking is detrimental to
implant osseointegration in grafted
maxillary sinuses, regardless of the
amount of cigarettes consumed.*®

Our observations found a com-
plication rate of 23.1% following
onlay bone grafts in nonsmokers,
compared to a complication rate of
50% in smokers. Major complica-
tions were found in one third of the
operations in smokers, compared to
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7.7% in the nonsmokers (P = 0.04).
There was also a relationship between
complications and past smoking, al-
though not statistically significant (P =
0.06). There was no relationship be-
tween sinus lift operation complications
and smoking habits, including intraop-
erative and postoperative complications
(Fig. 1).4748

DiscussioN

Tobacco use is an important con-
tributor to preventable morbidity and
mortality in the United States.* A sig-
nificant proportion of cardiovascular
diseases, various oral and pulmonary
neoplasms, nonmalignant respiratory
diseases, and peripheral vascular dis-
orders is attributed to cigarette use. In
the dental literature, smoking has
compromised healing after mucogin-
gival surgery,>?*?"2 and is associated
with oral cancer, periodontal disease,
leukoplakia, stomatitis nicotina, and
impaired gingival bleeding.>’->

Nonsmokers benefit significantly
when dental implant failure and
implant-related complications are
considered.>*>¢ Smoking has been a
contributing factor to implant failure
between the time of implant placement
and second-stage surgery, with a fail-
ure rate among smokers twice that of
nonsmokers.>* Although the survival
rate of immediate implantation is higher
than nonimmediate ones,'®% smokers
with an immediate implantation have a
significantly higher rate of complica-
tions compared to nonsmokers.'3

Smokers have a higher MBL,5!62
which strongly agrees with the present
findings. Our observations showed
that maxillary bone was more sensi-
tive to tobacco exposure; heavy smok-
ers had more MBL than mild smokers.
The maxilla is more prone to the del-
eterious effect of smoking.!' Lambert
et al®' found that in smokers, maxil-
lary implants failed 1.6 times more
than mandibular implants. De Bruyn
and Collaert'? and Esposito et al®
showed that smokers had a higher im-
plant failure rate in the maxilla. It can
be presumed that maxillary bone is
compromised and, therefore, more
prone to the detrimental effects of
smoking.

Our finding of higher MBL
around implants in the posterior re-

gions contradicts Lindquist et al,"
who found bone loss around anterior
sites almost twice as large as around
the posterior sites. Bone loss and
lower basic bone levels may be asso-
ciated with smoking, even in patients
with good oral hygiene. This result
suggests that smoking is a risk factor
in periodontal health.®*%* It is unclear
whether there is a dependable effect of
smoking on the bacterial population
selection, although recent studies sug-
gest this.5570

In addition to the fact that smok-
ing causes a higher incidence of com-
plications (spontaneous premature
implant exposure) following implant
placement,”! we found that smokers
had significantly higher postoperative
complications following onlay bone
graft operations. Smoking influence
was less significant in sinus lift oper-
ation complications. Kan er al*® eval-
uated the effect of smoking on implant
success in grafted maxillary sinuses
and showed a higher cumulative im-
plant success rate in nonsmokers than
in smokers. However, graft complica-
tions were not reported, as was in our
study.

There was no statistically signifi-
cant difference between complications
and past smoking,*” which indicates
that the risk of complications can be
reduced up to the normal nonsmoker
complication rate when smoking
ceases. Numerous smoking cessation
protocols have been proposed to
improve the surgical outcome in
smokers.”>”> However, the effect of
short-term smoking cessation upon the
risk of complicating tissue and wound
healing or other complications of gen-
eral surgery is still controversial.”*7

It is beyond the scope of this
article to discuss the possible mecha-
nisms in which smoking increases fail-
ure rate, and complications in both
implant-related surgical procedures
and dental implantation. It does not
provide any insight into the mecha-
nism associated with failures and com-
plications in smokers. However, it is
probable that these relate to any or all
factors, such as systemic vasoconstric-
tion, reduced blood flow, increased
platelet aggregation, and polymorpho-
nuclear leukocyte dysfunction, which
have been identified in smokers.”*”
Nicotine may have an effect on cellu-
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lar protein synthesis and impair gingi-
val fibroblast ability to adhere, thus
impairing wound healing and/or exac-
erbating periodontal disease.®® Ciga-
rette smoke could have a cytotoxic
effect on human gingival fibroblasts,
which results in capacity loss for
adhesion and proliferation.’! The con-
sequences of this result could be im-
paired maintenance, integrity, and
remodeling of the oral connective tis-
sue. These mechanisms are most cru-
cial in implant-related procedures,
such as onlay bone grafts, in which
primary tissue closure is essential for
surgical success. Smokers undergoing
both implant-related surgical proce-
dures and dental implantation should
be encouraged by their dentists, oral
and maxillofacial surgeons, or treating
physicians to cease smoking, empha-
sizing that smoking can increase com-
plications and reduce the success rate
of these procedures.

CONCLUSION

Smokers had a higher incidence of
failure rate and complications follow-
ing dental implantation and implant-
related surgical procedures. The risk
of failure and complications are re-
duced once smoking ceases. Potential
implant patients should be advised that
smoking could have a detrimental ef-
fect on dental implantation and
implant- related surgical procedures.

Disclosure

The authors claim to have no
financial interest in any company or
any of the products mentioned in this
article.

ACKNOWLEDGMENT

The authors thank Mrs. Rita Lazar
for editorial assistance.

REFERENCES

1. Husten C, Jackson K, Lee C. Ciga-
rette smoking among adults—United
States. Morb Mortal Wkly Rep. 2004;53:
427-431.

2. Skurnik Y, Shoenfeld Y. Health ef-
fects of cigarette smoking. Clin Dermatol.
1998;16:545-556.

3. Newby DE, Wright RA, Labinjoh C, et
al. Endothelial dysfunction, impaired endog-
enous fibrinolysis, and cigarette smoking: A
mechanism for arterial thrombosis and myo-

359

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



cardial infarction. Circulation. 1999;99:1411-
1415.

4. Routh HB, Bhowmik KR, Parish JL,
et al. Historical aspects of tobacco use and
smoking. Clin Dermatol. 1998;16:539-
544.

5. Hoffmann D, Hoffmann |. The
changing cigarette, 1950-1995. J Toxicol
Environ Health. 1997;50:307-364.

6. Zevin S, Gourlay SG, Benowitz NL.
Clinical pharmacology of nicotine. Clin Der-
matol. 1998;16:557-564.

7. Jorgensen LN, Kallehave F, Chris-
tensen E, et al. Less collagen production in
smokers. Surgery. 1998;123:450-455.

8. Leow YH, Maibach HI. Cigarette
smoking, cutaneous vasculature, and tis-
sue oxygen. Clin Dermatol. 1998;16:579-
584.

9. Bernaards CM, Twisk JW, Snel J, et
al. Smoking and quantitative ultrasound
parameters in the calcaneus in 36-year-old
men and women. Osteoporos Int. 2004;
15:735-741.

10. Scabbia A, Cho KS, Sigurdsson
TJ, et al. Cigarette smoking negatively af-
fects healing response following flap de-
bridement surgery. J Periodontol. 2001;
72:43-49.

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

12. De Bruyn H, Collaert B. The effect
of smoking on early implant failure. Clin
Oral Implants Res. 1994;5:260-264.

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

14. 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.

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

16. Schwartz-Arad D, YanivY, Levin L,
et al. A radiographic evaluation of cervical
bone loss associated with immediate and
non-immediate implants placed for fixed
restorations in edentulous jaws. J Peri-
odontol. 2004;75:652-657.

17. Schwartz-Arad D, Samet N, Mam-
lider A. Smoking increases spontaneous
exposure of dental implants between sur-
gical stages. J Evidence-Based Dent
Pract. 2002;2:303-304.

18. Schwartz-Arad D, Samet N, Samet
N. Single tooth replacement of missing
molars: A retrospective study of 78 im-
plants. J Periodontol. 1999;70:449-454.

19. Silverstein P. Smoking and wound

360

healing. Am J Med. 1992;93(suppl 1A):
22-24.

20. Muller AM, Pedersen T, Villebro N,
et al. Effect of smoking on early complica-
tions after elective orthopaedic surgery.
J Bone Joint Surg Br. 2003;85:178-181.

21. Adams CI, Keating JF, Court-
Brown CM. Cigarette smoking and open
tibial fractures. Injury. 2001;32:61-65.

22. Krueger JK, Rohrich RJ. Clearing
the smoke: The scientific rationale for to-
bacco abstention with plastic surgery.
Plast Reconstr Surg. 2001;108:1063-
1073.

23. Haas R, Mensdorff-Pouilly N,
Watzek G. Kaplan-Meier vergleichsanal-
ysen von 3000 gesetzten implantaten in
GOl gesellschaft fur orale implantologie.
In: Jahrbuch Fur Orale Implantologie. Ber-
lin, Germany: Quintessence; 1994;213-
225.

24. Hutton JE, Heath MR, Chai JY, et
al. Factors related to success and failure
rates at 3-year follow-up in a multicenter
study of overdentures supported by
Brénemark implants. Int J Oral Maxillofac
Implants. 1995;10:33-42.

25. Bergstrom G, Floderus-Myrhed B.
Co-twin control study of the relationship
between smoking and some periodontal
disease factors. Community Dent Oral Epi-
demiol. 1983;11:113-116.

26. Krall EA, Dawson-Hughes B,
Garvey AJ, et al. Smoking, smoking ces-
sation and tooth loss. J Dent Res. 1997;
76:1653-1659.

27. Cortellini P, Tonetti MS. Long-term
tooth survival following regenerative treat-
ment of intrabony defects. J Periodontol.
2004;75:672-678.

28. Zitzmann NU, Scharer P, Marinello
CP. Factors influencing the success of
GBR. Smoking, timing of implant place-
ment, implant location, bone quality and
provisional restoration. J Clin Periodontol.
1999;26:673-682.

29. Jensen OT, Shulman LB, Block
MS, et al. Report of the sinus consensus
conference of 1996. Int J Oral Maxillofac
Implants. 1998;13(suppl):5-45.

30. Kirsch A, Ackermann KL, HuUr-
zeler MB, et al. Sinus grafting with po-
rous hydroxyapatite. In: Jensen OT, ed.
The Sinus Bone Graft. 1st ed. Chicago,
IL: Quintessence; 1999:79-94.

31. Tong DC, Drangsholt M, Beirne
OR. A review of survival rates for implants
placed in grafted maxillary sinuses using
meta-analysis. Int J Oral Maxillofac Im-
plants. 1998;13:175-182.

32. Khoury F. Augmentation of the si-
nus floor with mandibular bone block and
simultaneous implantation: A 6-year clini-
cal investigation. Int J Oral Maxillofac Im-
plants. 1999;14:557-564.

33. Hurzeler MB, Kirsch A, Ackermann
KL, et al. Reconstruction of the severely
resorbed maxilla with dental implants in the
augmented maxillary sinus: A 5-year clini-

cal investigation. Int J Oral Maxillofac Im-
plants. 1996;11:466-475.

34. Ziccardi VB, Betts NJ. Complica-
tions of maxillary sinus augmentation. In:
Jensen OT, ed. The Sinus Bone Graft. 1st
ed. Chicago, IL: Quintessence; 1999:201-
208.

35. Branemark P, Lindstrom J, Hallen
O, et al. Reconstruction of the defective
mandible. Scand J Plast Reconstr Surg.
1975;9:116-128.

36. Misch CM. Ridge augmentation
using mandibular ramus bone grafts for the
placement of dental implants: Presentation
of a technique. Pract Periodontics Aesthet
Dent. 1996;8:127-135.

37. Misch CM. Comparison of intraoral
donor sites for onlay grafting prior to im-
plant placement. Int J Oral Maxillofac Im-
plants. 1997;12:767-776.

38. Rissolo AR, Bennett J. Bone grafting
and its essential role in implant dentistry.
Dent Clin North Am. 1998;42:91-116.

39. Lynch SE, Genco RJ, Marx R. Tis-
sue Engineering: Applications in Maxillofa-
cial Surgery and Periodontics. 1st ed. Chi-
cago, IL: Quintessence; 1999:83-98.

40. Renouard F, Rangert B. Risk Fac-
tors in Implant Dentistry. 1st ed. Carol
Stream, IL: Quintessence; 1999.

41. Reynolds MA, Bowers GM. Peri-
odontal regeneration following surgical
treatment. Curr Opin Periodontol. 1996;3:
126-139.

42. Rosen PS, Marks MH, Reynolds
MA. Influence of smoking on long-term
clinical results of intrabony defects treated
with regenerative therapy. J Periodontol.
1996;67:1159-1163.

43. Olson JW, Dent CD, Morris HF, et
al. Long-term assessment (5 to 71 months)
of endosseous dental implants placed in
the augmented maxillary sinus. Ann Peri-
odontol. 2000;5:152-156.

44, Widmark G, Andersson B, Carls-
son GE, et al. Rehabilitation 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.

45. Misch CE, Scortecci GM, Benner
KU. Implants and Restorative Dentistry. Di-
agnostic Methodology. London, UK: M.
Dunitz; 2003:144-145.

46. Kan JY, Rungcharassaeng K,
Lozada JL, et al. Effects of smoking on
implant success in grafted maxillary si-
nuses. J Prosthet Dent. 1999;82:307-311.

47. Levin L, Herzberg R, Dolev E, et al.
Smoking and complications of onlay bone
grafts and sinus lift operations. Int J Oral
Maxillofac Implants. 2004;19:369-373.

48. Schwartz-Arad D, Herzberg R,
Dolev E. The prevalence of surgical com-
plications of the sinus graft procedure and
its impact on implant survival. J Periodon-
tol. 2004;75:511-516.

49. Centers for Disease Control and
Prevention. Tobacco use: United States,

THE EFFECT OF CIGARETTE SMOKING ON DENTAL IMPLANTS AND RELATED SURGERY

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



1900-1999. MMWR Morb Mortal Wkly
Rep. 1999;48:986-993.

50. Christen AG. The impact of to-
bacco use and cessation on oral and den-
tal diseases and conditions. Am J Med.
1992;938:25-31.

51. Bergstrom J, Eliasson S. Noxious ef-
fect of cigarette smoking on periodontal
health. J Periodontal Res. 1987;22:513-517.

52. Haber J, Wattles J, Crowley M, et al.
Evidence for cigarette smoking as a major
risk factor for periodontitis. J Periodontol.
1993;64:16-23.

53. Gorman LM, Lambert PM, Morris
HF, et al. The effect of smoking on implant
survival at second stage surgery. Implant
Dent. 1994;3:165-168.

54. Morris HF, Lambert PM, Ochi S. The
influence of tobacco use on endosseous im-
plant failures. In: Oral and Maxillofacial Sur-
gery. Clinics of North America. London, UK:
WB Saunders; 1998:255-274.

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

56. Wallace RH. The relationship be-
tween cigarette smoking and dental im-
plant failure. Eur J Prosthodont Restor
Dent. 2000;8:103-106.

57. Schwartz-Arad D, Chaushu G.
Full-arch restoration of the jaw with fixed
ceramometal prosthesis. Int J Oral Maxillo-
fac Implants. 1998;13:819-825.

58. Schwartz-Arad D, Chaushu G. Im-
mediate implant placement: A procedure
without incisions. J Periodontol. 1998;69:
743-750.

59. Schwartz-Arad D, Chaushu G. The
ways and wherefores of immediate place-
ment of implants into fresh extraction sites:
A literature review. J Periodontol. 1997;68:
915-923.

60. Schwartz-Arad D, Chaushu G.
Placement of implants into fresh extraction
sites: 4 to 7 years retrospective evaluation
of 95 immediate implants. J Periodontol.
1997,68:1110-1116.

61. Lambert PM, Morris HF, Ochi S.

The influence of smoking on 3-year clinical
success of osseointegrated dental im-
plants. Ann Periodontol. 2000;5:79-89.

62. Esposito M, Hirsch JM, Lekholm U,
et al. Biological factors contributing to fail-
ures of osseointegrated oral implants. (Il)
Etiopathogenesis. Eur J Oral Sci. 1998;
106:721-764.

63. Bergstrdom J, Eliasson S. Cigarette
smoking and alveolar bone height in sub-
jects with a high standard of oral hygiene.
J Clin Periodontol. 1987;14:466-469.

64. Bergstrom J, Eliasson S, Preber H.
Cigarette smoking and periodontal bone
loss. J Periodontol. 1991;62:242-246.

65. Preber H, Bergstrdom J, Linder LE.
Occurrence of periopathogens in smoker
and non-smoker patients. J Clin Periodontol.
1992;19:667-671.

66. Bostrom L, Bergstrém J, Dahlén G,
et al. Smoking and subgingival microflora
in periodontal disease. J Clin Periodontol.
2001;28:212-219.

67. Haffajee AD, Socransky SS. Rela-
tionship of cigarette smoking to the sub-
gingival microbiota. J Clin Periodontol.
2001;28:377-388.

68. Haffajee AD, Socransky SS. Rela-
tionship of cigarette smoking to attach-
ment level profiles. J Clin Periodontol.
2001;28:283-295.

69. van der Weijden GA, de Slegte C,
Timmerman MF, et al. Periodontitis in
smokers and non-smokers: Intra-oral dis-
tribution of pockets. J Clin Periodontol.
2001;28:955-960.

70. van Winkelhoff AJ, Bosch-Tijhof
CJ, Winkel EG, et al. Smoking affects
the subgingival microflora in periodonti-
tis. J Periodontol. 2001;72:666-671.

71. Schwartz-Arad D, Samet N, Samet
N, et al. Smoking and complications of en-
dosseous dental implants. J Periodontol.
2002;73:153-157.

72. Bain CA. Smoking and implant
failure-benefits of a smoking cessation
protocol. Int J Oral Maxillofac Implants.
1996;11:756-759.

73. Miller PD Jr. Root coverage using
the free soft tissue autograft following citric

IMPLANT DENTISTRY / VOLUME 14, NUMBER 4 2005

acid application. Int J Periodontics Restor-
ative Dent. 1985;5:15-37.

74. Sorensen LT, Jorgensen T. Short-
term pre-operative smoking cessation in-
tervention does not affect postoperative
complications in colorectal surgery: A ran-
domized clinical trial. Colorectal Dis. 2003;
5:347-352.

75. Padubidri AN, Yetman R, Browne
E, et al. Complications of postmastectomy
breast reconstructions in smokers, ex-
smokers, and nonsmokers. Plast Reconstr
Surg. 2001;107:342-349.

76. Cryer P, Haymond MW, Santiago
JV, et al. Norepinephrine and epinephrine
release and androgenic mediation of
smoking associated homodynamic and
metabolic events. N Engl J Med. 1976;
295:573-577.

77. Sarine CL, Austin JC, Nickel WO. Ef-
fects of smoking and digital blood flow volume.
JAm Med Assoc. 1974;229:1327-1328.

78. MacFarlane GD, Herzberg MC,
Wolff LF, et al. Refractory periodontitis asso-
ciated with abnormal polymorphonuclear
leukocyte phagocytosis and cigarette smok-
ing. J Periodontol. 1992;63:908-913.

79. Noble RC, Penny BB. Comparison
of leukocyte count and function in smoking
and non-smoking young men. Infect Im-
munol. 1975;12:550-555.

80. Snyder HB, Caughman G, Lewis J,
et al. Nicotine modulation of in vitro human
gingival fibroblast y1 integrin expression.
J Periodontol. 2002;73:505-510.

81. Poggi P, Rota MT, Boratto R. The
volatile fraction of cigarette smoke induces
alterations in the human gingival fibroblast
cytoskeleton. J Periodontal Res. 2002;37:
230-235.

Reprint requests and correspondence to:
Devorah Schwartz-Arad, DMD, PhD
Department of Oral and Maxillofacial Surgery
The Maurice and Gabriela Goldschleger
School of Dental Medicine

Tel Aviv University

Tel Aviv, Israel

Fax: (972) 3-6409250

E-mail: dubish@post.tau.ac.il

361

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



@ Abstract Translations [German, Spanish, Portugese, Japanese]

AUTOR(EN): Liran Levin, DMD#*, Devorah
Schwartz-Arad, DMD, PhD**. *Abteilung fiir
Wiederherstellungen im Gesichts- und Kiefer-
bereich, die Maurice und Gabriela Fachhoch-
schule fiir Dentalmedizin, Universitit von
Tel Aviv, Tel Aviv, Israel. **Abteilung fiir
Gesichts- und Kieferchirurgie, die Maurice
und Gabriela Fachhochschule fiir Dental-
medizin, Universitit von Tel Aviv, Tel Aviv,
Israel. Schriftverkehr: Dr. Devorah Schwartz-
Arad, Abteilung fiir Gesichts- und Kieferchiru-
rgie (Department of Oral and Maxillofacial
Surgery), die Maurice und Gabriela Fach-
hochschule fiir Dentalmedizin (The Maurice
and Gabriela Goldschleger School of Dental
Medicine), Universitdt von Tel Aviv (Tel Aviv
University), Tel Aviv, Israel. Fax: +972-3-
6409250, eMail: dubish@post.tau.ac.il

AUTOR(ES): Liran Levin, DMD*, Devorah
Schwartz-Arad, DMD, PhD**. *Departa-
mento de Rehabilitacion Oral, Facultad Mau-
rice 'y Gabriela Goldschleger de Medicina
Dental, Universidad de Tel Aviv, Tel Aviv,
Israel. **Departamento de Cirugia Oral y
Maxilofacial, Facultad Maurice y Gabriela
Goldschleger de Medicina Dental, Univer-
sidad de Tel Aviv, Tel Aviv, Israel. Correspon-
dencia a: Dr. Devorah Schwartz-Arad, De-
partment of Oral and Maxillofacial Surgery,
The Maurice and Gabriela Goldschleger
School of Dental Medicine, Tel Aviv Univer-
sity, Tel Aviv, Israel. Fax: + 972-3-6409250.
Correo electronico: dubish@post.tau.ac.il

Auswirkungen des Rauchens von Zigaretten auf Zahnimplantierungen und damit in
Verbindung stehende chirurgische Eingriffe

ZUSAMMENFASSUNG: Nach wie vor gehort das Rauchen von Zigaretten fiir viele
zur Normalitdt. Unter Rauchern sind in der Mundhohle vermehrt Ansammlungen von
Plaque, ein erhohtes Vorkommen von Zahnfleischentziindungen und Wurzelhautentziind-
ungen, vermehrter Zahnverlust sowie eine verstirkte Resorption des Alveolarkamms zu
beobachten. Das Rauchen von Zigaretten kann eine Erschwernis fiir die Wundheilung
darstellen und somit auch den Erfolg von Knochentransplantierungen und Zahnimplan-
tierungen gefidhrden. Die Transplantation von Knochengewebe und Behandlungen
hinsichtlich einer Anhebung des Sinus sind géngige und ausfiihrlich dokumentierte
Methoden im Vorfeld einer Implantatsetzung. Die wihrend des Rauchens entstehende
Hitze sowie die beim Rauchen hervorgerufenen toxischen Nebenprodukte wie Nikotin,
Kohlenmonoxid und Blausdure werden als Risikofaktoren bei erschwerter Heilungsnei-
gung angesehen und konnen daher auch den Erfolg sowie die moglichen Komplikationen
derartiger chirurgischer Eingriffe mit bestimmen. Festgestellt wurde eine Verbindung
zwischen Zahnimplantierungen, Transplantierungsbehandlungen (Transplantierung von
Knochengewebe, Anreicherungsbehandlung der Oberkiefersinusbereiche usw.) und der
Patientenspezifischen Entwicklungsgeschichte des Rauchens. Bei Rauchern wurden mehr
Komplikationen bzw. ein vermehrte Anzahl von fehlgeschlagenen Implantierungen, un-
geachtet einer Knochentransplantation. Die Beziehung zwischen dem Rauchen von Ziga-
retten und in Zusammenhang mit Implantierungen stehenden chirurgischen Eingriffen
inklusive des Eintretens von eventuellen Komplikationen bei diesen Behandlungsschritten
wird beschrieben und auf Basis der entsprechenden Literatur und der Ergebnisse unserer
kiirzlich durchgefiihrten Studien kontrovers diskutiert.

SCHLUSSELWORTER: Behandlungserfolg, Eingriff zur Anhebung des Sinus, Spanan-
lagerung, Nikotin, Wundheilung

4 El efecto del fumar cigarrillos en los implantes dentales y cirugia relacionada

ABSTRACTO: Fumar cigarrillos se considera todavia una costumbre habitual. Entre los
fumadores, se ha encontrado una mayor acumulacién de placa, mayor ocurrencia de
gingivitis y periodontitis, tasa mds alta de pérdida de dientes y mayor reabsorcién de la
cresta alveolar en la cavidad oral. Fumar cigarrillos puede afectar negativamente la
curacién de heridas, y por lo tanto, poner en peligro el éxito de un injerto de hueso y los
implantes dentales. Los injertos de hueso y las operaciones para levantar el seno son
procedimientos comunes y bien documentados antes de la colocaciéon de implantes
dentales. El calor, asi como los subproductos téxicos del fumar cigarrillos, tales como la
nicotina, mondxido de carbono e cianuro de hidrégeno, han sido reconocidos como
factores de riesgo para una curacién problemadtica y por lo tanto, pueden afectar el éxito
y las compliaciones de dichos procedimientos quirtirgicos. Se ha reconocido la asociacién
entre implantes dentales, procedimientos de injerto (injerto de hueso, aumento del seno
maxilar, etc.) y haber fumado cigarrillos. Se encontré una tasa més alta de complicaciones
o falla de los implantes, en los fumadores con y sin injertos de hueso. La relacién entre
fumar cigarrillos y los procedimientos quirtrgicos relacionados con implantes, incluyendo
la incidencia de complicaciones asociadas con estos procedimientos se describird y explicard
segtin las publicaciones relevantes y los resultados de nuestros estudios recientes.

PALABRAS CLAVES: éxito, operacién para levantar el seno, injerto de hueso con
incrustacion, nicotina, curacioén de heridas
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O Efeito do Consumo de Cigarros sobre os Implantes Dentdrios e Cirurgia Relacionada

RESUMO: O consumo de cigarros ainda ¢ considerado um hdbito comum. Entre os
fumantes, acimulo aumentado de placa, maior incidéncia de gengivite e periodontite,
maior taxa de perda de dente e reabsor¢do aumentada do rebordo alveolar foram encon-
trados na cavidade oral. O consumo de cigarros pode afetar adversamente a cura de feridas
e assim colocar em risco o sucesso de enxerto de osso e implanta¢do dentaria. Enxertos
de osso e operagdes de elevacdo da cavidade sdo procedimentos tanto comuns quanto bem
documentados antes da coloca¢do do implante dentdrio. O calor, bem como subprodutos
toxicos do consumo de cigarros, com a nicotina, mondxido de carbono e cianeto de
hidrogénio foram implicados como fatores de risco para cura prejudicada e assim podem
afetar o sucesso e complica¢des daqueles procedimentos cirtirgicos. Uma associagio entre
implantes dentdrios, procedimentos de enxerto (enxertos de osso, aumento das cavidades
maxilares, etc.) e histérico de fumo foi relatada. Um grau mais alto de complicag¢do ou
taxas de falha do implante, foram encontrados em fumantes com e sem enxertos de 0sso.
O relacionamento entre o consumo de cigarros e procedimentos cirtirgicos relacionados a
implantes, incluindo a incidéncia de complicag¢des associadas a esses procedimentos, serd
descrito e discutido com base em literatura relevante e em resultados de nossos estudos
recentes.

PALAVRAS-CHAVE: sucesso, operagio de elevagdo da cavidade, enxerto 6sseo onlay,
nicotina, cura de feridas
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