
The International Journal of Oral & Maxillofacial Implants 369

Smoking and Complications of 
Onlay Bone Grafts and Sinus Lift Operations

Liran Levin, DMD1/Ran Herzberg, DMD2/Eran Dolev, DMD2/Devorah Schwartz-Arad, DMD, PhD3

Purpose: To compare the incidence of complications related to onlay bone grafts (OBGs) and sinus lift
operations (SLOs) among smokers and nonsmokers. Materials and Methods: Data from 143 opera-
tions performed during the years 1995 to 2003 were analyzed. There were 64 OBGs and 79 SLOs.
Patients were divided into 3 groups: nonsmokers, mild smokers (up to 10 cigarettes per day), and
heavy smokers (more than 10 cigarettes per day). Duration of smoking (less or more than 10 years)
was recorded. OBG complications were classified as minor (hematoma, swelling, inflammation, or tem-
porary paresthesia) or major (graft exposure or mobility). For the SLO, perforations of the schneiderian
membrane were the main intraoperative complication; postoperative complications mostly consisted
of swelling, acute or chronic sinus infection, or bleeding. Results: Of smokers having OBG, 50% experi-
enced complications, compared to 23.1% of nonsmokers. Major complications were observed in one
third of the smokers, compared to only 7.7% in nonsmokers. There was also a tendency toward compli-
cations in former smokers, although this relationship was not statistically significant. There was no
relationship between SLO complications and smoking or a past smoking habit. Discussion: In the pres-
ent study, smokers demonstrated significantly higher postoperative complications following OBG oper-
ations. Smoking did not influence the results in the SLO group. There was no statistically significant
difference between complications and past smoking. This finding indicates that the risk of complica-
tions can be reduced up to the normal nonsmoker complication rate when smoking ceases. Conclu-
sions: This study established a relationship between OBG complications and smoking in this patient
population. A higher incidence of complications was found in the smoking group. There was no signifi-
cant influence of smoking on SLO complications. INT J ORAL MAXILLOFAC IMPLANTS 2004;19:369–373
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The use of autologous bone grafts with dental
implants was originally described by Brånemark

and coworkers in 19751 and is now a well-accepted
procedure in oral and maxillofacial rehabilitation.2–5

A sinus lift operation (SLO) has a predictable out-
come, with an implant survival rate of over 90% for

3 to 5 years.6–10 It is considered a safe treatment
modality, with only minor complications.11

It has long been suspected that cigarette smoking
adversely affects wound healing. Arteriolar vasocon-
striction and decreased blood flow are seen in
response to smoking,12,13 and toxic byproducts of
cigarette smoking, such as nicotine, carbon monox-
ide, and hydrogen cyanide, have been implicated as
risk factors for impaired healing.14

Smoking impairs wound healing in various surgi-
cal operations. In orthopedic surgery, such as hip or
knee arthroplasty, smoking is the single most
important risk factor for the development of post-
operative complications, particularly those relating
to wound healing, cardiopulmonary complications,
and postoperative intensive care.15 Smoking is also
associated with an increased risk of complications in
patients with open tibial fractures.16 In dermatol-
ogy, smoking proved to decrease the synthesis rates
of types I and III collagen in skin in vivo and to
alter the balance of extracellular matrix turnover in
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skin.17 Tissue ischemia and wound-healing impair-
ment secondary to the influence of tobacco is prob-
lematic for plastic surgeons, especially during elec-
tive facial esthetic procedures, cosmetic and
reconstructive breast operations, abdominoplasty,
free-tissue transfer, and replantation procedures.18

In dentistry, smoking compromises healing after
mucogingival surgery.19–22 Smokers exhibit a trend
toward a less favorable healing response following
flap debridement compared to nonsmokers, as mea-
sured by probing depths and clinical attachment
levels.23

In the oral cavity, an increase in plaque accumu-
lation, a higher incidence of gingivitis and perio-
dontitis, a higher rate of tooth loss, and an increase
in resorption of the alveolar ridge have been found
among smokers. Bain and Moy12 assessed the vari-
ous factors that predisposed implants to failure in
540 patients who received 2,194 Brånemark System
implants (Nobel Biocare, Göteborg, Sweden) and
found that a significantly greater percentage of fail-
ures occurred in smokers than in nonsmokers.
Lindquist and associates24,25 compared marginal
bone loss around osseointegrated dental implants
among smokers and nonsmokers and found that
among smokers with poor oral hygiene, marginal
bone loss was nearly 3 times greater than that seen
in nonsmokers. Smokers can also suffer detrimental
effects around successfully integrated maxillary
implants, with a significantly greater Bleeding
Index, greater mean peri-implant pocket depth,
more frequent peri-implant inflammation, and radi-
ographically greater mesial and distal bone loss.26

An association between dental implants placed in
augmented maxillary sinuses and history of smoking
has been reported.27 A higher failure rate was found
in smokers after rehabilitation of severely resorbed
maxillae with and without bone grafts.28

The purpose of this study was to compare the
incidence of complications related to onlay bone
grafts (OBGs) and SLOs among smokers and non-
smokers. 

MATERIALS AND METHODS

The study was based on data from 143 operations:
64 OBGs in 56 patients (17 men and 39 women)
and 79 SLOs in 72 patients (26 men and 46
women). Information obtained included a complete
medical and dental history, with specific emphasis
on smoking habits and clinical and radiographic
evaluations. Twelve of the OBGs (18.8%) were per-
formed in smokers and 52 (81.3%) were performed
in nonsmokers. OBG operations were carried out

according to a 2-stage technique; the endosseous
implantation was performed 4 to 5 months later.
Within the SLO group, 30 (38%) operations were
performed in smokers and 49 (62%) were per-
formed in nonsmokers. Of the SLO group, 69.6%
(55 operations) involved simultaneous dental
implantation. One surgeon performed all opera-
tions between the years 1995 and 2003 under sterile
conditions, following a protocol described by
Schwartz-Arad and coworkers29 and, with a modifi-
cation, the operating protocol of Misch.2 Criteria
for accepting patients into the study group were
adequate information regarding age, gender, and
health status; pre- and postoperative radiographs;
and follow-up for at least 6 months postsurgery.

All smoking habits were known at the time of
operation. Current smokers were divided into 2
subgroups with regard to the number of cigarettes
per day (mild smokers = fewer than 10; heavy smok-
ers = more than 10) and duration of smoking (mild
smokers = fewer than 10 years; heavy smokers =
more than 10 years). Past smokers were defined as
patients who stopped smoking at least 6 months
before the surgical procedure. 

Smoking and nonsmoking patients were divided
into 2 groups: patients with complications and
patients without complications. Minor OBG compli-
cations were hematoma, swelling, inflammation, and
temporary paresthesia; major complications were
graft exposure or graft mobility. For the SLO group,
perforations of the schneiderian membrane were the
main intraoperative complication, and postoperative
complications consisted mainly of swelling, acute or
chronic sinus infection, or bleeding.

Statistical analysis included the Pearson chi-
square test of association and analysis of variance
(ANOVA) using BMDP statistical software (SPSS,
Chicago, IL).30

RESULTS

There was no significant difference in age and gen-
der between the smoking and the nonsmoking
groups. There was also no significant difference with
respect to gender or medical problems (eg, hyper-
tension, hypotension, hypothyroidism) and compli-
cations. However, all 4 diabetic patients experienced
complications after bone grafting (P = .0002).

Table 1 provides a profile of the smokers included
in the study. Table 2 presents the operative compli-
cations encountered. Complications following OBG
occurred in 23.1% of nonsmokers, compared to
50% of smokers. Major complications took place in
one third of the operations in smokers, versus 7.7%
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in the nonsmokers (P = .04). Table 3 describes major
OBG complications according to smoking and dia-
betes status.

There was also a relationship between complica-
tions and past smoking, although this was not statis-
tically significant (P = .06).

There was no relationship between SLO compli-
cations and smoking or past smoking; this included
intraoperative as well as postoperative complica-
tions. Perforations of the schneiderian membrane
were the main intraoperative complication (37
patients [46.8%]); postoperative complications con-
sisted mostly of swelling (6 patients [7.6%]), acute
or chronic sinus infection (4 patients [5.1%]), and
bleeding (4 patients [5.1%]) (Table 4).

DISCUSSION

Tobacco use is a significant contributor to pre-
ventable morbidity and mortality in the United

States.31 A significant proportion of cardiovascular
diseases, various oral and pulmonary neoplasms,
nonmalignant respiratory diseases, and peripheral
vascular disorders can be attributed to the use of
cigarettes. Surgical outcomes can also be adversely
affected as a result of cigarette smoking, with intra-
operative and postoperative pulmonary, cardiovas-
cular, and cerebrovascular complications, as well as
increased wound healing complications. These are
found across the entire spectrum of surgical special-
ties.14–17 In the dental literature, smoking has been

Table 1 Profile of Smokers in Study

OBG (%) SLO (%)

Smokers 12 (18.8) 30 (38.0)
Smoking � 10 cigarettes a day 12 (18.8) 27 (34.2)
Smoking � 10 years 10 (15.6) 26 (32.9)
Past smokers* 27 (42.2) 11 (13.9)

*Past smokers were defined as patients who stopped smoking at
least 6 months before the surgical procedure.

Table 2 Complications Encountered in Smokers and 
Nonsmokers During or After Onlay Bone Grafting and 
Sinus Lift Operations

Group/ Total
complication Smokers (%) Nonsmokers (%) operations (%)

Onlay bone graft*
None 6 (50.0) 40 (76.9) 46 (71.9)
Minor 2 (16.7) 8 (15.4) 10 (15.6)
Major 4 (33.3) 4 (7.7) 8 (12.5)
Total 12 52 64

Sinus lift
None 10 (33.3) 18 (36.7) 28 (35.4)
All kinds 20 (66.7) 31 (63.3) 51 (64.6)
Total 30 49 79

*P � .05 for smokers and nonsmokers in the “no complications” versus “minor and major
complications” groups and for the “no complications” and “minor complications” groups
versus the “major complications” group.
Onlay bone graft complications: Hematoma, swelling, inflammation, and temporary pares-
thesia were considered minor, and graft exposure and graft mobility were considered major.

Table 3 Major Complications Encountered
with Onlay Bone Grafting

Patient Graft Graft
no. exposure removal Smoker? Diabetic?

1 No Yes Yes No
2 No Yes Yes No
3 No Yes Yes No
4 Yes No No No
5 Yes No No No
6 Yes No No Yes
7 Yes No Yes Yes
8 Yes No No Yes

Table 4 Complications Encountered with 
Sinus Lift Operations

Total
Smokers Nonsmokers complications 

Complication (%) (%) (%)

Schneiderian 15 (50.0) 22 (44.9) 37 (46.8)
membrane
perforation
Swelling 5 (16.6) 1 (2.0) 6 (7.6)
Sinus infection 2 (6.6) 2 (4.0) 4 (5.1)
Bleeding 2 (6.6) 2 (4.0) 4 (5.1)
Total 24 27 51



372 Volume 19, Number 3, 2004

LEVIN ET AL

shown to compromise healing after mucogingival
surgery.18–22 Tobacco use has been associated with
oral cancer, periodontal disease, leukoplakia, stom-
atitis nicotina, and impaired gingival bleeding.32–34

It has been shown that smoking causes a higher
incidence of complications (spontaneous premature
implant exposure) following implant placement.35

In the present study, smokers demonstrated signifi-
cantly more frequent postoperative complications
following OBG operations. 

The influence of smoking was less significant in
SLO complications. Kan and coworkers36 evaluated
the effect of smoking on implant success in grafted
maxillary sinuses and reported a higher cumulative
implant success rate in nonsmokers than in smok-
ers. However, they did not report graft complica-
tions, as in the present study. 

There was no statistically significant difference
between complications and a past history of smok-
ing. This finding indicates that the risk of complica-
tions can be reduced up to the normal nonsmoker
complication rate when smoking ceases. Numerous
smoking cessation protocols have been proposed to
improve surgical outcomes in smokers.37,38

It is beyond the scope of this article to discuss
the possible mechanisms by which smoking
increases OBG complications. The present study
does not provide any insight into the mechanism
associated with complications in smokers; however,
it is probable that these relate to any or all factors,
such as systemic vasoconstriction, reduced blood
flow, increased platelet aggregation, and polymor-
phonuclear leukocyte dysfunction, that have been
identified in smokers.39–42 Nicotine may have an
effect on cellular protein synthesis and its modula-
tion of beta-1 integrin expression and impair gingi-
val fibroblast ability to adhere to and communicate
with one another and with the extracellular matrix,
thus impairing wound healing and/or exacerbating
periodontal disease.43 The volatile components of
cigarette smoke, such as acrolein and acetaldehyde,
could have a cytotoxic effect on human gingival
fibroblasts, resulting in a loss of capacity for adhe-
sion and proliferation.44 The consequences of this
could be impaired maintenance, integrity, and
remodeling of the oral connective tissue.

Smokers undergoing ridge augmentation should
be encouraged by their treating clinicians to quit,
since it is known that smoking can reduce the
chances for success.

Diabetic patients in the present study showed a
significantly higher complication rate following
OBG. Diabetes is known to increase the risk of
infection and delay wound healing.45 Therefore,
this kind of ridge augmentation may not be suitable

for diabetic patients. Further research is necessary
to find a way to perform this procedure in diabetic
patients without the risk of complications.  

CONCLUSION

Smokers had a higher incidence of complications
after OBG in this patient population. Smoking did
not influence the results in the SLO group. Potential
patients should be advised that smoking can have a
harmful effect on these procedures. The risk of com-
plications may decrease once smoking ceases. 
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