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Abstract
Background: The mechanisms behind the impact of smoking on osseointegration are
not fully understood. Aim: To correlate the clinical and molecular aspects of
osseointegration in smokers compared with non-smokers. Methodology: Study I: In a
retrospective cohort study of smokers and non-smokers, the 5-years implant survival
and marginal bone loss (MBL) of machined and oxidized implants, were assessed.
Studies II and III: In a prospective controlled study, smokers (n=16) and non-smokers
(n=16) received machined, oxidized and laser-modified implants. Pain scores, implant
stability quotient (ISQ) and gene expression of peri-implant crevicular fluid (PICF) and
baseline bone biopsies were analyzed during 0-90d. Clinical assessments and radiology
were performed at 90d. Study IV: Smokers (n=24) and non-smokers (n=24), each
received two mini-implants with machined and oxidized surfaces. The gene expression
of selected factors was analyzed in implant-adherent cells and surrounding bone after
1d, 7d and 28d. Results: Study I: Overall implant survival rate was lower in smokers.
In smokers, machined implants failed more frequently than oxidized implants. Mean
MBL at 5 years was higher at machined implants in smokers vs. non-smokers. Studies
II and III: A higher ISQ was found in smokers compared to non-smokers. Greater MBL
was found in smokers than non-smokers, particularly at the machined implant. At 90d
in smokers, the PICF around machined implants revealed a higher expression of proinflammatory cytokine, IL-6, and a lower expression of osteocalcin compared with the
surface-modified implants. Multivariate regression revealed that smoking, BoP, IL-6
expression in PICF at 90d and HIF-1α baseline expression are predictors for MBL at
90d. Study IV: Cells adherent to machined implants revealed higher expression of proinflammatory cytokine, TNF-α. After 7d and 28d, the expression of bone formation
gene, ALP, was higher at oxidized implants. Smoking was associated with initial
inhibition of bone remodeling (CTR) and coupling (OPG and RANKL) genes in cells
on machined implants. Conclusions: Smoking is associated with greater MBL during
the early healing phase (0-90d), and an increased failure rate and MBL in the long-term
(5 years). Whereas the machined implants were associated with a dysregulated
inflammation, osteogenesis and remodeling, an increased MBL and failure rate in
smokers, the oxidized implants appear to favor osseointegration by mitigating the
negative effects of smoking. It is concluded that the local effects of smoking on
osseointegration are modulated by host factors and implant surface properties.
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