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Abstract
Background: This prospective cohort trial examines the effects of heavy smok-
ing on peri-implant marginal bone loss (MBL) and implant survival rates over 15
months.
Methods:Thirty subjects, categorized as either smokers (more than 20 cigarettes
daily for over 5 years) or non-smokers, were initially recruited with pocket
depths ≤ 5 mm and at least one missing tooth. Urine cotinine assay was used to
confirm smoking status. Implants were placed and restored after 4months. Clin-
ical, radiographic and stability variables were assessed at placement, 15, 24, and
67 weeks. Measurements included marginal bone height, peri-implant pocket
depth, implant stability, bleeding on probing, and plaque index. Statistical anal-
yses included Mann–Whitney tests for continuous variables, Fisher exact tests
for categorical variables, and generalized estimating equations for longitudinal
changes.
Results: Thirteen implants were installed in the smoker group (11 subjects) and
18 in the non-smoker group (18 subjects). Survival rates were lower in smokers
(84.6%) compared with non-smokers (94.4%). Smokers experienced significantly
greater marginal bone loss 12 months after final reconstruction (1.5 ± 0.3 mm
versus 0.7 ± 0.6 mm; p = 0.008). Pocket depth was slightly greater in smokers
but this did not reach statistical significance.
Conclusions: Heavy smoking significantly increases marginal bone loss and
decreases implant survival. Further research is needed to corroborate these
findings and develop intervention programs.
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bone loss, bone remodeling, dental implants, implant survival rate, marginal bone loss, peri-
implantitis, smoking
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Plain language summary
Heavy smoking is a well-known risk factor for poor dental health, yet its effects
on dental implants are less frequently examined. This study investigated how
heavy smoking (more than 20 cigarettes daily for at least 5 years) impacts the suc-
cess of dental implants.Wemonitored 29 patients, including both heavy smokers
and non-smokers, over 15 months after implant placement and restoration. We
evaluated bone loss, implant stability, and success rates. Our results showed
that heavy smokers experienced significantly more bone loss—twice as much as
non-smokers—along with slightly reduced implant stability and survival. These
adverse outcomes likely relate to smoking’s negative effects on bone healing and
immune function. Our findings underscore the importance of addressing smok-
ing before implant procedures and suggest that quitting smoking could greatly
improve long-term outcomes. Further research is needed to develop strategies
for mitigating the risks of smoking in implant dentistry.

1 INTRODUCTION

Peri-implant marginal bone level is a key marker of peri-
implant health. Early bone loss primarily results from
remodeling after exposure to the oral environment.1,2
This process determines peri-implant supra-crestal tissue
height.3 Conversely, later stages of bone loss are predomi-
nantly attributed to bacterial colonization, culminating in
an inflammatory cell infiltrate that can lead to the destruc-
tion of peri-implant tissues. Thus, Periimplantitis is now
defined as progressive loss of supporting bone around
the implant, exceeding the expected bone remodeling
following implant placement.4
Smoking is well-documented risk predictor for peri-

implantitis. The adverse systemic outcomes of smoking,
such as tooth loss, alveolar bone loss, and dental implant
failure, have been extensively documented.5–10 Smoking
suppresses immune responses by impairing PMN chemo-
taxis and phagocytosis, reducing resistance to inflamma-
tion, and delaying wound healing.11,12
The relationship between smoking and implant failures,

especially in the context of marginal bone loss around den-
tal implants, is complex and multifaceted. Studies have
indicated a higher incidence of dental implant failures
among smokers, with a particular tendency for these fail-
ures to be more prevalent in the upper jaw.13,14 Further
research supports the increased risk of marginal bone
loss around dental implants in smokers, noting that this
risk persists throughout the healing phase and continues
thereafter.15–20
Various definitions exist for classifying smokers in the

literature. According to NHANES III, current smokers
are those who have smoked ≥100 cigarettes in their life-

time and continue to smoke, 21 consistent with CDC
guidelines.22 Some studies simplify smoking status to a
yes/no categorization.23–25 While the CDC defines heavy
smoking as ≥ 20 cigarettes/day,26 this threshold is incon-
sistently applied. Although the AAP and EFP define heavy
smoking as > 10 cigarettes/day, our study adopted the
≥ 20 cigarettes/day criterion to align with dose-dependent
associations reported in periodontal and systemic health
research (Grossi et al.). 27
However, given the significance of the dose-response

relationship between smoking and attachment loss, such
a threshold seems to underscore the effect of smoking.23
Self-report bias and underestimation of smoking lev-
els justify using biomarkers like cotinine for accurate
assessment.28 Cotinine is a key biomarker distinguishing
tobacco users and reflecting exposure.29
A study focusing on participants who report smok-

ing levels exceeding the commonly accepted definition
of heavy smoking, combined with biomarker verification,
may yield more precise insights into the effects of smoking
on early healing phases and the initial period of implant
loading.
There is a scarcity of information on the impact of

heavy tobacco use on peri-implant marginal bone loss
around implants. Moreover, most of the studies analyz-
ing the influence of smoking on periimplantitis were
retrospective.17 To address this gap, our study was formu-
lated to explore the effects of such habits on peri-implant
marginal bone. The primary aim of this prospective clin-
ical trial was to follow and compare peri-implant tissue
changes amongheavy smokers andnon-smokers 12-month
post-loading with the final reconstruction, using standard
diameter dental implantswith conical abutments. Our null

 19433670, 2026, 1, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/jper.11362 by C

ochrane C
olom

bia, W
iley O

nline L
ibrary on [01/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



MAYER et al. 139

hypothesis is that heavy smoking does not significantly
affect peri-implant marginal bone loss or implant survival
rates 12 months post-loading with the final reconstruction,
compared with non-smokers.

2 MATERIALS ANDMETHODS

2.1 Study design and patient selection

This was a prospective cohort study comparing peri-
implant outcomes in heavy smokers and non-smokers
over a 15-month follow-up period. This study was carried
out from January 2019 to November 2023 and adhered to
the Declaration of Helsinki regarding ethical principles
for medical research involving human subjects. Ethical
approvalwas granted by theRambamHealthCareCampus
Ethics Committee (RMB-0418-18). The study was reg-
istered with ClinicalTrials.gov (Identifier NCT03766022)
prior to its commencement. Written informed consent
was obtained from each patient following the screening
process.
To account for potential attrition, particularly within

the non-smoking group due to the study’s duration and
strict inclusion criteria, we sought approval to enroll 20
participants per group. This decision followed a power cal-
culation and was based on an anticipated dropout rate of
approximately 25%.
Inclusion criteria: (1) ≥ 18 years old; (2) in need for

a dental implant; (3) adequate alveolar bone (≥ 6 mm
width and 12 mm height); (4) intended to be restored
with individual crowns; and (5) heavy current smokers (20
cigarette/day > 5 years). All patients included in the study
were periodontal healthy with no residual pockets (pocket
depth < 5 mm and full mouth bleeding score < 10%).
Patients in the smoking groupwere informed at the time of
recruitment about the general health risks associated with
smoking, as well as the specific risks to implant survival
and the possibility of both early and late complications
related to smoking. Exclusion criteria were: (1) medica-
tions that might affect soft and hard tissue healing/health
(such as calcium channel blockers, immunosuppressive
and anticonvulsive medications); (2) patients currently
taking systemic antibiotics; (3) chronic use of non-steroidal
anti-inflammatory drugs (NSAIDs) on a long-term basis
(excluding low dose aspirin) due to their potential impact
on bone healing and inflammation; (4) pregnancy or inten-
tion to become pregnant during the entire study period; (5)
parafunctional occlusal scheme and habits; (6) patient in
need for simultaneous bone graft or GBR using a mem-
brane barrier; (7) patients who either quit smoking or
reduced the number of cigarettes per day (in the smok-
ing group) or started smoking (in the non-smoking group);

and (8) patient not willing or able to meet the study
schedule.
The inclusion and exclusion criteria for the non-smoker

group were identical, with the exception that participants
were either lifelong non-smokers or former light smokers
who had ceased smoking more than 5 years prior to the
commencement of the study.
All patients in the smoking group were informed prior

to surgery about the health hazards of smoking, its impact
on the healing process, and the associated risk of poten-
tial treatment failures. The management of the study was
carried out by one research coordinator with extensive
experience in managing controlled studies.

2.2 Implants and surgery

Between 2020 and 2022, a single surgeon (YM) placed 33
implants (Multi Neo, Alpha Bio Tec. Ltd) in 31 patients.
All implants were 3.7 mm in diameter and 10 or 11.5 mm
in length. Prior to surgery, patients administered antibi-
otics 1 h before the procedure (2 g amoxicillin or 600 mg
clindamycin for those allergic to penicillin). This regi-
men reflects our internal institutional protocol and aligns
with commonly accepted antibiotic prophylaxis in implant
dentistry. Buccal bone thickness was measured using
a caliper. Buccal bone thickness was recorded at base-
line to ensure comparable anatomical conditions between
groups. While CBCT follow-up was not conducted due to
ethical concerns over repeated radiation exposure, base-
line measurements provide valuable reference points for
initial conditions. Implants were placed at the bone crest
using a single-stage protocol, with healing abutments
attached immediately. Placement locations included both
anterior and posterior regions of themandible andmaxilla.
The flaps were sutured using 5/0 nylon sutures (Monosof,
Covidien, Mansfield MA, USA). The post-operative proto-
col included amoxicillin (1500 mg daily) or clindamycin
(600 mg daily) for 1 week, along with oral rinsing with
a 0.2% chlorhexidine solution twice daily for 2 weeks.
Suture removalwas completed at 2weeks, followed by clin-
ical and radiographic evaluations at 15 ± 4 weeks. Final
crowns were fabricated and delivered at 17 ± 4 weeks
post-implant placement. Additional evaluations were con-
ducted at 24 ± 4 weeks and again at 12 months following
loading (67 ± 4 weeks after implant installation).

2.3 Prosthetic rehabilitation

Titanium abutments were utilized in the restoration
of the implants, which were then restored with mono-
lithic zirconia crowns. Impressions were taken using
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140 MAYER et al.

Polyvinyl-siloxane (elite HD+, Zhermack SpA—Via
Bovazecchino, 100—45021 Badia Polesine (RO), Italy),
following the open-tray technique using impression
posts and a one-phase approach involving simultaneous
application of heavy and light viscosity Polyvinyl-siloxane
materials, in accordance with the previously published
methodology.30 The monolithic zirconia crowns were
precisely crafted using advanced CAD/CAM technology.
Adherence to the manufacturer’s specifications was
ensured by applying a torque of 25 Ncm to secure the
abutment to the implant. Subsequently, the crowns were
affixed using a resin cement (G-CEM LinkForce, GC Cor-
poration, Tokyo, Japan). Cement-retained crowns were
selected due to their clinical simplicity and restorative
clinician preference. To minimize the risk of cement-
induced bone loss, cementation was performed under
high magnification, with submucosal inspection to ensure
complete removal of excess cement.

2.4 Cotinine assay

Cotinine is a primarymetabolite of nicotine and serves as a
reliable biomarker for tobacco exposure. Participants with
urine cotinine concentrations exceeding 50 ng/mL were
classified as smokers, whereas those with concentrations
below 12.5 ng/mL were considered non-smokers.31 The
cotinine assay was performed only at baseline to confirm
smoking status at the start of the study.
Urine samples were collected in 500 mL wide-mouth

bottle containers and then placed in −4◦C ice buckets for
storage. Subsequently, the samples were transported for
storage in a refrigerator at −20◦C. Urine cotinine con-
centration analysis was conducted with enzyme-linked
immunosorbent assays (ELISA) kits (OriGene Technolo-
gies, Inc., Rockville, MD 20850, USA).

2.5 Clinical evaluation

Patient based and implants-based data were collected.
These included age, general health parameters, implant
length, diameter and stability, postoperative complica-
tions, and adverse events (infection, failure of the implant).
Starting at 15 ± 4 weeks and during following visits,

every patient underwent clinical examination by the same
calibrated examiner (YM) which included the following
variables at four sites around each implant (mesio-buccal,
mid-buccal, disto-buccal, and mid-lingual):

1. Peri-implant pocket depth (PPD) measured from the
mucosal margin to the bottom of the probable pocket
using a graduated manual periodontal probe (PCP-

UNC 15; Hu-Friedy, Chicago, IL, USA). Four sites
per implant were evaluated (mesiobucal, midbuccal,
distobuccal, and midlingual).

2. Bleeding on probing (BOP) evaluated dichotomously
with either presence/absence of bleeding within 30 s
following probing.

3. Suppuration on probing (SUP) assessed dichotomously
within 30 s after probing (i.e., presence/absence of
suppuration).

4. Recession depth (REC) wasmeasured from the implant
abutment interface to the gingival margin at midbuccal
aspect.

5. Plaque index (PI) measured on the buccal and lingual
surfaces, scoring ranges between 0 (no plaque) to 3
(heavy plaque accumulation).32

2.6 Implant stability measurements

To assess both initial and subsequent implants stability, an
Ostell device (Göteborg, Sweden) was used. This involved
connecting SmartPeg to the implant and three sequen-
tial measurements of implant stability quotient (ISQ). The
mean ISQ was registered. These measurements were per-
formed at baseline and just prior to crown insertion at 15
weeks.

2.7 Radiographic bone level
measurements

Immediately after implant installation and at 15, 24, and 67
weeks, radiographic imaging was obtained using a Plan-
meca Intra x-ray unit with an intraoral sensor, set at 63 kV,
8 mA, and an exposure time of 0.064 s, along with an
XCP-DS FIT Universal Sensor Biteblock from Dentsply,
Lancaster, PA,USA. The radiographswere calibrated using
the width of the implant shoulder. Bone levels were mea-
sured as the distance from the implant shoulder to the
first point of bone contact on both the mesial and distal
sides of the implant, utilizing the Planmeca Romexis soft-
ware (version 3.8.1.R, PLANMECA OY, Helsinki, Finland)
for image analysis. The bone level measurements for each
time point were calculated by averaging themeasurements
from both the mesial and distal aspects. A single examiner
(JH), who was both blinded and calibrated, conducted all
radiographic measurements twice for accuracy.

2.8 Sample size calculation

The sample size calculation was based on the primary
outcome variable, marginal bone loss. Assuming equal
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MAYER et al. 141

group sizes, a total of 28 participants (14 per group) was
required to achieve 80% power at a 5% significance level
(two-sided) to detect a true mean difference of 0.75 mm
between the test and reference groups. This value is based
on previous studies that showed 0.5mmdifference inMBL
between smokers versus non-smokers Lindquis et al.33 We
assumed the difference between heavy smokers and non-
smokers will be higher. In practical terms, with a random
sample of 14 subjects per group, and assuming the smok-
ing group and non-smoking group means are 1.25 and
0.5 mm, respectively, with a standard deviation of 0.7 mm,
this design provides an 80% probability of identifying a
statistically significant difference (p < 0.05) between the
groups.
While the initial target was to enroll 14 participants per

group based on the power calculation, recruitment proved
particularly challenging in the heavy smoker group due
to the strict inclusion criteria, especially the requirement
for smoking ≥ 20 cigarettes daily for over 5 years. After 5
years of recruitment (2019–2023), we had enrolled 11 par-
ticipants in the smoking group and 18 in the non-smoking
group. Given the extended recruitment period and the
emergence of a statistically significant difference in the pri-
mary outcome measure (marginal bone loss), we decided
to conclude enrolment and proceed with data analysis.
Post-hoc analysis revealed that with the achieved sam-
ple size, the study maintained 78% power to detect the
observed difference in marginal bone loss between groups
(0.8 mm) with the measured standard deviation (0.6 mm)
at α = 0.05.

2.9 Primary outcome variable

The primary outcome variable was changes in radio-
graphic bone level.

2.10 Secondary outcome variable

Secondary outcome variables were peri-implant pocket
depth (PPD), bleeding on probing (BOP), plaque index
(PI), recession (REC), suppuration (SUP), implant stability
(RFA), and implant survival.

2.11 Calibration

The clinical examiner (YM) underwent calibration for
PPD and REC, while examiner JH was calibrated for
radiographic marginal bone level measurements. Each
examiner conducted two distinct repeated measurements.
This assessment involved ten non-study patients, each

with at least one implant. The variance between these
measurements was evaluated using point estimates and
95% confidence intervals. The radiographic measure-
ments showed a mean difference (d) of 0.11 mm (95%
confidence interval: 0.033–0.18) with a significance of
p = 0.006 for the mesial aspect, and a mean difference
(d) of −0.004 mm (95% confidence interval: −0.083–
0.075) with a significance of p = 0.914 for the distal
aspect. In terms of peri-implant pocket depth (PPD) mea-
surements, the mean difference was −0.250 mm (95%
confidence interval: −0.46–0.042) with a significance
of p = 0.021. All observed differences were relatively
minor.

2.12 Statistical analyses

Categorical variables were compared using the Fisher
exact test, with counts and percentages providing the dis-
tribution of implant characteristics within each group.
Concurrently, continuous variables were compared using
the Mann–Whitney test, revealing differences in median
values and interquartile ranges between smokers and non-
smokers. The delta from baseline was calculated for MBL
and PPD at each time point and compared between groups
using Mann–Whitney test.
Furthermore, GEE with cluster bootstrapping was

employed to evaluate the dynamics of bone level over a
period of 15, 24, and 67 weeks as compared with baseline
andPPDover a period of 24 and 67weeks as comparedwith
week 15. The model accounted for the inherent variability
in repeated measurements within subjects while control-
ling for potential confounders such as age, sex, and implant
location (maxilla vs. mandible, posterior vs. anterior). Sta-
tistical significance, set at a threshold of two-sided p-values
less than 0.05.
Analysis was carried out using R-4.3.2 (R Foundation for

Statistical Computing, Vienna, Austria). Themethodology
was initially approved by an independent statistician (ZS),
that performed all the statistical analyses. This report was
produced following the guidelines of The Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting of observa-
tional studies (cross-sectional).

3 RESULTS

A total of 54 patients were screened for eligibility. Of
these, 25 were excluded (17 smokers and 8 non-smokers)
for not meeting the inclusion criteria. Eleven partici-
pants (1 female and 10 males, mean age of 50.1 ± 12.1
years) received 13 implants in the smoking group. Eighteen
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F IGURE 1 Consort flowchart of the study.

participants (10 females and 8 males, mean age of
53.0 ± 14.8 years) received 18 implants in the non-smoking
group. In the experimental group, there were 2 incidences
of implant failure (with one occurring within the initial
15 weeks and the other post-loading), whereas in the non-
smoker group, a single implant failure was noted during
the first 15 weeks. One year following loading, implants
survival rate was 84.6% in the smoker group, compared
with 94.4% in the non-smoker group (p = 0.05) (Figure 1).
All patients in the smoking group maintained their daily
cigarette intake throughout the study. Additionally, none
of the patients in the non-smoking group began smok-
ing at any point during the study. Table 1 presents the

demographic information. In the smoking group, aver-
age cotinine level was 79.1 ± 38.8 ng/mL compared with
7.9 ± 16.6 in the non-smoking group. The geographical
distribution of implants based on their location (ante-
rior versus posterior) and jaw placement (mandible versus
maxilla) showed no significant differences between the
groups. Specifically, 69.3% of implants were placed in the
anterior region in the smoking group, comparedwith 61.1%
in the non-smoking group. Similarly, 61.5% of implants
were placed in the mandible in the smoking group, com-
pared with 55.5% in the non-smoking group. Additionally,
no significant differences were identified between the
groups regarding the clinical buccal bone width at the
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MAYER et al. 143

TABLE 1 Demographic data on patient level.

Non-smoker (N=18) Smoker (N=11) Total (N=29) p-value
Age
Mean (SD) 53.0 (14.89) 50.1 (12.1) 51.9 (13.7) 0.729
Min-max 30.0–79.1 28.9–66.1 28.9–79.1
Age 55 0.708
≤55 10 (55.6%) 7 (63.6%) 17 (58.6%)
>55 8 (44.4%) 4 (36.4%) 12 (41.3%)
Sex, n (%) 0.0079
Female 10 (55.6%) 1 (9.0%) 11 (37.9%)
Male 8 (44.4%) 10 (91.0%) 18 (62.1%)
Cotinine level (ng/mL) < 1e-04
Mean (SD) 7.9 (16.6) 79.1(38.8) 36.5 (43.6)
Min-max 0.00–47.8 0–123.23 0.00–123.23
No. years of smoking
Mean (SD) NA 28.1 (9.6) 22.8 (14.2) 0.008
Min-Max NA 7.00–46.00 7.00–46.00
No. cigarette per day 0.0049
Mean (SD) NA 23.21 (2.21) 23.21 (2.21)
Min–Max NA 20.00–30.00 20.00–30.00
Former smoker Yes/No, n (%) 0.2323
N 16 (88.8%) 11 (100.0%) 27 (93.1%)
Y 2 (11.2%) 0 (0.0%) 2 (6.9%)
Cardiovascular
Hypertension 3 (16.6%) 2 (18.2%) 5 (17.2%)
Gastrointestinal
Crohn’s disease 1 (5.5%) 0 1 (3.4%)
Metabolic
Diabetes 1 (5.8%) 0 1 (3.4%)
Obesity 0 1 (9.1%) 1 (3.4%)
Hyperlipidemia 2 (11.2%) 0 2 (6.9%)
Hypothyroidism 1 (5.8%) 0 1 (3.4%)
Respiratory
Asthma 0 1 (7.1%) 1 (3.2%)

Abbreviations: N, number of patients; NA, not applicable; SD, standard deviation.

time of surgery, with measurements of 2.2 ± 0.8 mm in
the smoking group and 2.1 ± 1.2 mm in the non-smoking
group.
Table 2 illustrates the average measurements of clinical

and radiographic parameters at four different times (0, 15,
24, and 67 weeks). Bone loss progressed in both groups
throughout the study. After 67 weeks from placement,
the smoker group experienced greater bone loss compared
with the non-smoker group (1.5± 0.3mmvs. 0.7± 0.6mm,
p = 0.0008). Periodontal pocket depth increased in both
groups, but the difference was mostly not significant,
except at 24 weeks, where it measured 3.0 ± 0.9 mm in
the smoker group compared with 2.3 ± 0.6 mm in the
non-smoker group (p = 0.013).

Implant stability was marginally higher in the
non-smoker group immediate after placement
and after 15 weeks (73.8 ± 4.2 vs. 71.2 ± 3.5; p =

0.031).
A generalized estimating equations) GEE) model was

applied to evaluate the differences in the bone levels over
time comparing smokers versus non-smoker while adjust-
ing for age, sex, and implant location (Table 3). This
analysis revealed a significant time effect, indicating a
progressive bone loss compared with baseline. Specifi-
cally, bone level decreased by 0.47 mm after 15 weeks,
0.88 mm after 24 weeks, and 0.81 mm after 67 weeks.
Smokers demonstrated significantly higher values as com-
pared with non-smokers by 0.42 mm 97.5% CI (0.13–0.68)
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F IGURE 2 Bone level (mm) over time by smoking status
(smoker- green, non-smoker-purple).

F IGURE 3 Pocket depth (mm) over time by smoking status
(smoker- green, non-smoker-purple).

(Figure 2). Peri-implant pocket depth was not significantly
different between the groups (Figure 3).
Cotinine levels did not show a statistically signifi-

cant correlation with bleeding on probing, suppuration,
or implant failure, exhibiting indistinguishable distribu-
tions across individuals regardless of these periodontal
conditions. This data can be found in the supplemental file.
Age had no significant effect on bone level changes,

and males had borderline lower values as compared with
females (−0.23 mm 97.5% CI [−0.56–0.19] p= 0.054). Max-
illary sites had significantly higher values than mandible
(Δ = 0.31 mm, p = 0.04). Furthermore, posterior implants
(premolar and molar sites) have not demonstrated signifi-
cantly more bone loss compared with anterior.
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TABLE 3 Assessment of bone level variations using the generalized estimating equations (GEE) statistical model.

Bone Level Estimate Std. error CI 2.5% CI 97.5% p-value
Time 15 weeks 0.47 0.10 0.28 0.70 0.000002
Time 24 weeks 0.88 0.12 0.66 1.13 0.000000
Time 67 weeks 0.81 0.13 0.60 1.02 0.000000
Smoker yes/no 0.42 0.14 0.13 0.68 0.000502
Mandible/maxilla 0.31 0.16 −0.18 0.60 0.009879
Anterior/posterior 0.07 0.18 −0.35 0.40 0.041533

4 DISCUSSION

This is the first prospective clinical trial which attempted
to explore the effect of current heavy smokers (>20
cigarette. for > 5 years) on implants’ health. Our findings
indicate that heavy smokers experience significantly
greater marginal bone loss (1.5 ± 0.3 mm) around dental
implants compared with non-smokers (0.7 ± 0.6 mm.).
These results align with existing literature, which indi-
cates that smoking is a significant risk factor for dental
implant failure and marginal bone loss.6,8,15,34 Nitzan et al.
reported higher radiographic success in non-smokers
(97.1%) than smokers (87.8%), with greater bone loss
in heavy smokers.34 Bone loss in this study exceeded
prior reports (0.11–0.32 mm), reflecting the pronounced
impact of heavy smoking.35,36 The stark difference in
marginal bone loss observed in our study underscores
the pronounced detrimental effect of intense smoking
habits on peri-implant bone health. Bergström and
co-workers,37 in a periodontitis study, have shown that
bone loss around teeth are greater in heavy smokers
compared with lighter smokers. Likewise, Grossi et al.23
reported a dose-dependent association between smoking
dosage and the extent of bone loss in patients with peri-
odontitis. Thus, this subset of the smoking population
might require special consideration when considered
for implant placement surgery. While the observed
bone level differences exceeded the intra-examiner
calibration margin, we acknowledge the potential for
measurement error and variability inherent to radio-
graphic assessments of <1 mm, as discussed by Walton
et al.38
The 1-year implant survival rate was 10% lower in smok-

ers compared with non-smokers, with rates of 84.6% and
94.4%, respectively (p < 0.05). Sánchez-Pérez et al. simi-
larly reported lower implant success in smokers, especially
heavy smokers.20 Additionally, the study showed that
tobacco use involves a 10.1% relative risk of implant loss,
increasing to 30.8% for those smoking over 20 cigarettes
per day. A systematic review and meta-analysis by Afshari
et al.39 further confirmed that the risk of peri-implant
marginal bone loss (MBL) rises with the number of

cigarettes smoked daily, with significantly higherMBL lev-
els in smokers, especially those smoking more than 10
cigarettes per day.39
These effectsmay be due to impairedwoundhealing and

a compromised immune response,11,12 or changes in the
composition of peri-implant microbiota.15,40
Although efforts were made to match implant locations

between groups, some variability remained. To account for
this, generalized estimating equations (GEE) were applied
to adjust for implant location variables, including ante-
rior vs. posterior regions andmaxilla vs. mandible. Despite
this statistical control, we acknowledge that anatomical
and biomechanical differences across implant sites may
still have influenced marginal bone loss outcomes. This
remains a limitation of the study and should be considered
when interpreting the results.
The observed trend of greater bone loss in the max-

illa and posterior regions aligns with the findings of
Ayele et al.41 and may be attributed to the inherently
lower bone density of the maxilla, which predisposes it to
increased bone loss.42–45 We observed an increase in peri-
implant pocket depth over the course of the study period.
Both groups showed increased pocket depth, though the
smoker-non-smoker difference was not statistically sig-
nificant. This finding aligns with previous studies indi-
cating that smoking may have a minimal influence on
peri-implant pocket depth compared with non-smokers.46
However, it is essential to note that while the differ-
ence was not statistically significant, there may still be
clinical relevance to the observed trends. Additionally,
regarding recession, our study did not find a signifi-
cant difference between smokers and non-smokers. This
finding contrasts with some previous studies that have
reported a higher prevalence of recession in smokers.47
One possible explanation for this inconsistency could
be variations in study populations, methodologies, or
other confounding factors not accounted for in our study.
Furthermore, our findings demonstrated that implant
stability, both during placement and prior to loading,
was lower in smokers. This aligns with previous stud-
ies linking reduced stability to poorer bone quality in
smokers.48,49
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Recruiting heavy smokers remains a challenge in den-
tal implant studies, as shown in a large Norwegian study
where only 13 out of 242 patients (5.4%) were classified as
heavy smokers (≥ 10 cigarettes/day).50 Despite efforts to
control confounding factors, variations in smoking behav-
iormayhave introduced biases. The small number of heavy
smokers and group imbalance, due to strict inclusion cri-
teria, may have reduced statistical power and introduced
selection bias. Although these criteria ensured group
homogeneity, they limit generalizability. Post-hoc analysis
confirmed sufficient power for the primary outcome, but
these constraints should be considered when interpreting
the results. Despite these limitations, this study represents
one of the first prospective clinical trials to investigate
peri-implant outcomes in heavy smokers defined as ≥20
cigarettes/day for over 5 years using biochemical verifi-
cation via cotinine assay. This methodological approach
enabled us to objectively assess the impact of sustained
high-level tobacco exposure. By combining strict inclusion
criteria, prospectivemonitoring, and biomarker validation,
we provide a robust framework for evaluating peri-implant
tissue changes in high-risk populations. Larger, multi-
center studies are needed to confirm these findings and
explore dose-dependent smoking effects.

5 CONCLUSIONS

Heavy smoking (≥20 cigarettes/day) significantly
increases marginal bone loss and reduces implant
survival rates, as confirmed by biomarker-based smoking
status and longitudinal assessments. These findings high-
light the importance of incorporating smoking cessation
programs into dental implant treatment protocols to
enhance outcomes and long-term peri-implant health.
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