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1. Abstract

1.1. Purpose: The aim of the present retrospective study was to
compare the Marginal Bone Loss (MBL) around dental implants in
a group of smokers in relation to a matched group of non-smokers.

1.2. Materials and Methods: The present dental record-based
retrospective study included patients selected from individuals
treated with dental implants during the period 1980-2018 at one
specialist clinic in Malmé. Reproducible periapical radiographs
were used to measure MBL after calibration based on the in-
ter-thread distance of the implants. MBL was calculated by com-
paring bone-to-implant contact levels to the radiographic baseline
examination.

1.3. Results: After matching of the patients, the study group in-
cluded 677 implants installed in 204 patients, 340 implants in 104
smokers, and 337 implants in 100 non-smokers. The results sug-
gested that smoking degree (greater MBL for higher degrees of
smoking), bruxism (greater MBL for bruxers), jaw (greater MBL
in maxilla), prosthesis fixation (greater MBL for screw-retained
prosthesis), and implant diameter (greater MBL for 3.75mm —
4.10mm) had a statistically significant influence on MBL over
time. There appears to be a positive correlation between the de-
gree of smoking and the degree of MBL, meaning, the higher the
degree of smoking, the greater the MBL. However, this correlation
is more clearly observed until a certain limit. The difference is not
apparent for different degrees of smoking when this is high, na-
mely above 10 cigarettes per day.

1.4. Conclusion: Smoking negatively affects the MBL around im-
plants. Other factors that are suggested to negatively affect MBL
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are bruxism, implant location (in the maxilla), and screw-retained
implant-supported prostheses.

2. Introduction

Several subtopics related to this work will be presented in this in-
troduction in order to help the reader to construct a minimal theo-
retical basis necessary to understand not only this subject but also
the importance of such study.

In addition to many serious illnesses, such as cancer, stroke, car-
diovascular diseases, and other health problems, smoking ciga-
rettes has a huge impact on oral health [1]. The risk of periodontal
attachment loss and formation of periodontal pockets is increased
when you smoke, as well as the loss of alveolar bone and other
oral diseases [2]. With tobacco use, you are most likely to deve-
lop periodontal disease, dental implant failure, oral cancer, and
other disease. A dentist’s responsibility is to advise patients to quit
smoking, and we as a dentist should offer nicotine replacement
therapy to patients [3].

2.1. Dental Implants

About 60 years ago, the dental implant that we use today was
invented. The procedure was used back then only to restore and
rebuild the edentulous mandibles of patients who had undergone
resection of tumors in the maxillofacial regions, as well as to help
with the oral rehabilitation of patients after resection of tumors
in the maxillofacial regions. Implants were placed between the
interforaminal region of the mandibles [4]. Throughout history,
many attempts have been made to find a permanent replacement
for missing teeth or to support periodontally involved teeth. The
first teeth transplantation experiment was conducted by Dr. John
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Hunter in the 18th century. A tooth was inserted fully developed
into a rooster’s comb. Blood vessels spread from the roots of the
tooth to the pulp later on [5]. Today implant therapy is an increa-
singly common treatment for patients whose teeth have been lost,
whether they’re partial or comprehensively edentulous. Even with
high success rates for implant treatment, there are still factors re-
lated to the patients, the dental team, and the characteristics of the
implant that can increase complication rates and implant failure
[6]. Titanium implants have shown excellent results as a result of
their high osseous integration, scientific documentation, and re-
liability. As a result, titanium implants are considered the «gold
standard» in implant dentistry [7].

2.2. Epidemiology of Smoking

The estimated number of smokers in the world at the year of 2019
is 1.1 billion people. Smoking causes around § million deaths each
year. Since 1990 the prevalence of smokers has fallen because of
the growth population, but the number of smokers has increased
[8]. The global smoking prevalence has fallen by 27.5% among
men and 37.7% for women since 1990. And there were signifi-
cant increases in the prevalence of smoking among men in twenty
countries, while women saw increases in 12 countries. China, In-
dia, Indonesia, Russia, Bangladesh, Turkey, Vietnam, and the USA
make up nearly two-thirds respectively of the global population
who smoked tobacco in 2019. Smoking among young people has
decreased about 32.9% among men and 37.6% among women
between 1990-2019 [8]. According to Folkhdlsomyndigheten,
smoking habits have decreased by 1/3 among the Swedish popu-
lation in the last 15 years [9]. The number of Swedish smokers
is lower than in other EU countries. The smoking rate in Swe-
den was 11% in 2015, compared to 19% and 44% in other EU
countries. And the main factor is that in Sweden there is a huge
consumption of snus and many anti-smoking laws. Sweden has
banned smoking in all restaurants, bars, and public areas [10]. In
practice the law includes the prohibition of smoking in outdoor
dining areas, entrance to smoke-free public venues, bus stops, train
stations, etc. That means smoking is not allowed within 20 meters
from any places aforementioned. And the prohibition is evolved to
include electronic cigarettes and any type of smoking even if it’s
not containing tobacco. Sweden has a strategy to make the nation
smoke-free by 2025, and the term smoke-free is that it is less than
5% of the population that smokes [11].

2.3. Components of Cigarettes

Cigarettes contain roughly 600 components. Cigarettes release
about 7,000 toxins when they are burned. At least 69 of all these
chemicals have also been known to cause cancer, with several of
them being highly toxic. A lot of these compounds are also found
in consumer products like the packaging for rat poison, but war-
ning labels are attached to them. It is well known that these pro-
ducts contain dangerous chemicals. However, no similar warning
exists for the toxins found in cigarette smoke [12]. Nicotine is the
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main addictive substance in cigarettes. Tar is thought to give the
flavor and aroma of cigarette smoke and, as a result, it has been a
major effect on smokers’ behavior.

Tar is the component that has long been measured in cigarette
smoke when it comes to nicotine. It is widely assumed to be the
most harmful component of tobacco smoke regarding health [13].
Cigarette smoking is shown to increase the risk of developing car-
diovascular disease and main risk factor in chronic obstructive
pulmonary and lung cancer and many other cancer types, stroke,
diabetes. It is not only a risk factor for smokers. Secondhand smo-
kers who are breathing the smoke involuntary are also at risk of de-
veloping the diseases above [14]. It has been known that smokers
have a lower general health quality than non-smokers, and it is
extending through life. It has been shown that smoking cigarettes
are a major factor in early death because of the diseases caused by
the components in cigarettes [15].

2.4. Effect of Smoking on Oral Health

Cigarette smoking has an impact on increased tooth mobility [25]
and there is a 1.53 times greater risk of tooth loss among smokers
than among non-smokers [26, 27]. In addition to raising the risk
of periodontal disease, smoking cigarettes is linked to poor oral
health [16]. Oral lesions and conditions associated with smoking
is Leukoplakia, Erythroplakia, oral cancer, etc. Smoking causes le-
sions mainly due to the irritants, toxins, and carcinogens contained
in the smoke. However, they can also result from drying of the
mucosa caused by high intraoral temperatures, changes in pH,
and altered immunity to fungal or viral infections. Halitosis, tooth
discoloration and composite restoration staining [17], diminished
taste and smell, and smoking stomatitis and keratosis are other
side effects [18]. Saliva is necessary for the protection of the oral
mucosa, teeth remineralization, digestion and taste sensation, and
pH control [19]. The saliva is the first part of the oral cavity that
gets exposed to cigarette smoke. Because of the toxic components
in cigarettes, it can change the structure and function of the sa-
liva [20]. Although smoking causes a short-term increase in the
salivary secretion, the long-term effects of tobacco use are unclear
[21]. Intense smokeless tobacco use has been shown to result in
degenerative changes of more than 40% of minor salivary glands
located in the site of chronic tobacco placement [22]. Calculus ac-
cumulation in the mouth is associated with smoking frequency and
is significantly higher among smokers than among non-smokers
[23,24].

2.5. Effect of Smoking on Marginal Bone Loss Around Teeth

Periodontal diseases, including gingivitis and periodontitis, are
common human bacterial infections that affect the gingiva and
bone supporting the teeth. The establishment of dentogingival
plaque due to poor oral hygiene can cause gingivitis, which is
an inflammation of the marginal gingival tissues. Under certain
conditions, untreated gingivitis may progress to periodontitis

when plaque gets below the gingiva line. Gingivitis is reversible
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with good oral health care and treatment [38].

Smoking is associated with changed bacterial colonization when
it gets too deep periodontal pockets [39]. Smoking causes tissue
damage and alveolar bone resorption by increasing the expression
of pro-inflammatory cytokines such as interleukin-1 [40].

Smoking causes contraction of the peripheral blood vessels, which
could decrease the blood flow to the marginal bone and gingiva,
or that smoking could also alter the microbiological flora in the
mouth. Smoking could additionally inhibit the immune system
and therefore have negative effects on marginal bone loss. These
are only a few of the theories on why smoking affects periodon-
titis [41]. It has been shown that periodontal treatment is not
well received by smokers. It has also been proven that quitting
smoking can improve periodontal health and even lead to a grea-
ter periodontal attachment compared to daily smokers [41]. There
are different theories regarding how smoking affects oral health.
In addition to the results of bad breath, tooth discoloration, and
oral cavities, marginal bone loss is more noticeable in smokers in
comparison to non-smokers [41]. The relationship between MBL
and smoking was demonstrated, where the MBL was significantly
more pronounced in the smoking group in comparison to the non-
smoking group [42].

2.6. Effect of smoking and peri-implant bone loss

Smokers experience a higher rate of implant failure as well as
peri-implantitis. In addition, smoking addiction has a direct re-
lationship with dental implant failure, and the evidence for the
negative impact of smoking on implant survival is overwhelming
[28-33]. The development of deep mucosal pockets around den-
tal implants is peri-implantitis, which is characterized by inflam-
mation of the peri-implant tissues and bone resorption around the
implants. The bone resorption is chronic and therefore the peri-im-
plantitis need to be treated because of the risk of implant failure
[16]. Smoking can immediately affect the osseointegration of den-
tal implants [34]. There is a significant difference in peri-implant
bone loss among smokers and non-smokers [35, 36]. If there is
a plaque-induced inflammation and smoking addiction, it will in-
fluence the peri-implant bone loss around the implant. There was
a significant relationship between smoking and peri-implant bone
loss, while oral hygiene also played a key role, especially among
smokers [36].

It is clear from these results that smoking habits should be consi-
dered when evaluating implant survival and peri-implant bone loss
[36]. Smoking is suggested to be associated with implant failure
[35,37]. Smoking is associated with changed bacterial colonization
when it gets too deep periodontal pockets [39]. The development
of deep mucosal pockets around dental implants is peri-implan-
titis, which is characterized by inflammation of the peri-implant
tissues and bone resorption around the implants [16]. Patients who
smoke cigarettes should be aware of the fact that smoking during

the healing phase can lead to implant failure. However, it should
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not count as an absolute contraindication [37].

The subject is important, and dentists need to be made aware of the
issue to be able to make a treatment plan aiming to minimize the
possibility of a high MBL over time, which can eventually lead to
the loss of the implant. The varying results from several studies,
and the increased use of implants makes this an important sub-
ject to study for optimal implant installation, healing, and survival.
It was therefore the objective of this study to investigate the in-
fluence of smoking on the MBL at dental implants.

3. Materials and Methods
3.1. Objective

The aim of the present retrospective study was to compare the
MBL at dental implants in a group of smoking patients in relation
to a matched group of non-smoking patients.

3.2. Research Question

The focused question was elaborated by using the PICO format
(Participants, Interventions, Comparisons, Outcomes): “Do smo-
kers undergoing implant-prosthetic rehabilitation present a higher
MBL in comparison to non-smokers?”

3.3. Hypotheses

The null hypothesis was that there would be no difference in MBL
between smokers and non-smokers, against the alternative hypo-
thesis of a difference.

3.4. Materials

This retrospective study included patients treated with dental im-
plants during the period 1980-2018 at one specialist clinic (Cli-
nic for Prosthodontics, Centre of Dental Specialist Care, Malmo,
Sweden), consisting of 2,670 patients who were rehabilitated with
more than 10,000 implants. This study was based on data collection
from patients’ dental records, which was previously conducted by
the supervisor of the present work. The students (A.A. and A.A.A.)
performed the marginal bone level measurements by themselves,
which was later followed by the analyses of the results together
with their supervisor.

The implants were placed by specialist dentists in oral surgery,
and dentists performing the prosthetic treatment were specialists
in prosthodontics. The study was approved by the regional Ethical
Committee, Lund, Sweden (Dnr 2014/598; Dnr 2015/72).

3.5. Definitions

For this study, patients smoking a minimum of one cigarette per
day (an everyday smoker [43]) were classified as smokers, establi-
shed at the clinical appointment of the patient when the anamnesis
was performed

MBL was defined as loss, in an apical direction, of alveolar bone
marginally adjacent to the dental implant, in relation to the mar-
ginal bone level initially detected after the implant was surgically
placed.

The diagnosis of bruxism was established in a previous study (Chr-
3
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canovic et al., 2017), in which the patients of the aforementioned
database suspected to be bruxers were called back for one clinical
appointment to get the minimum information in order diagnose
the patients as ‘probable bruxers’ (self-report/anamnesis + clinical
examination).

3.6. Inclusion and Exclusion Criteria

A hundred patients with the habit of smoking were planned to be
included and were randomly selected from the aforementioned da-
tabase, with the command ‘Random sample of cases’ in SPSS. As
it was expected that some few cases would be excluded due to in-
sufficient quality of the periapical radiographs, then 105 smoking
patients were randomly selected from cohort group.

There was detailed information in the database for additional fol-
low-ups when the patients stopped to smoke after receiving the im-
plant. In these cases, the patients were labeled as former smokers
and were not eligible for the present study. Patients who changed
their mean frequency of cigarettes smoked per day were also not
considered for the present study.

Only implants not lost and with baseline radiographs taken wit-
hin 12 months after implant placement and with a minimum of 36
months of radiological follow-up were considered for the analysis
of MBL. Negative values of MBL correspond to bone loss.

Patients with all modern types of threaded c.p. titanium implants
with cylindrical or conical design were included. Zygomatic im-
plants were not included in the study, as well as implants detected
in radiographies, but without basic information about them in the
patients’ files.

3.7. Data Collection

The data were directly entered into a SPSS file (Statistical Pac-
kage for the Social Sciences software, version 27, Chicago, IL,
USA) as the dental records of the patients were being read, and it
consisted of several implant-, site-, and patient-related factors. The
factors were patient’s age (at the day of the implant surgery) and
sex, implant location (maxilla/mandible, anterior/posterior), im-
plant location in relation of tooth region (incisor, canine, premolar,
molar), implant diameter, implant surface, prosthesis type (single
crown, FDP 2-6 units, FDP 7-10 units, full-arch FDP, overden-
ture), prosthesis fixation (cemented/screwed), bruxism, diabetes,
smoking, mean quantity of cigarettes smoked per day, and fol-
low-up time.

The MBL measurements were entered into an Excel file (Micro-
soft Corporation, Redmont, WA, USA) by the students and later
transferred to the SPSS file by the supervisor.

3.8. Formation of a Matched Group

Since the division of all initial patients into groups would generate
extremely unbalanced groups and the variance was not homoge-
nous between them, the two groups were therefore not expected to
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be comparable with respect to important covariates (D’Agostino,
1998), and then methods were used to match patients and implants
between smokers to non-smoker patients. Matching ensures that
any differences between the study and the control groups are not
a result of differences on the matching variables, thus reducing
selection bias.

The matching was performed using the ‘case control matching’
function in SPSS, and the matches were selected based on simila-
rities in (a) patients’ age at the time of the surgery, (b) number of
implants, and (c) total radiological follow-up time. As there were
no perfect matches in a first matching attempt considering all three
variables, some tolerance was set for the predictors: = 5 years for
the patients’ age, + 2 implants, and = 12 months for the total radio-
logical follow-up time. Thus, a little variance of these predictors
between the groups was expected.

3.9. Marginal Bone Level Evaluation

During treatment, reproducible intraoral radiographs were taken.
Analogue radiographs were scanned at 1200 dpi when digital ima-
ging was not available at the baseline appointment (Epson Perfec-
tion V800 Photo Color Scanner; Nagano, Japan). An inter-thread
distance of the implants (Figure 1) served as the calibration for
measuring Marginal Bone Level (MBL) (Figure 2). On both me-
sial and distal sides of each implant, measurements were taken
from the junction of the implant and the abutment to the margi-
nal bone level, and then the mean value of these measurements
was calculated. Marginal bone loss was calculated by comparing
the MBL of subsequent radiographs with baseline. All measure-
ments were conducted with Image J software (National Institute
of Health, Bethesda, USA). The sets of radiographs for every pa-
tient were codified and the authors who performed the radiological
measurements (A.A., A.A.) were blinded to the smoking habits for
every patient.

Figure 1: Calibration according to the inter-thread distance of the im-
plants, before measuring marginal bone level. In figure an implant with a
0.6 mm pitch can be seen.
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Figure 2: Measurement of marginal bone level after calibration. Measure-
ments were taken from the abutment-implant junction of the implant to
the level of marginal bone.

3.10. Calibration

An initial calibration concerning MBL was performed between the
supervisor and the two students. The process was done for 10 ran-
dom samples from the cohort group and verified after the measure-
ment of each sample. At the end of the process the measurements
from the different individuals were considered enough approxi-
mate from each other, with agreement between examiners set at
> 80% of the distance in millimeters. As the variable in question
was of continuous values, the application of the Cohen’s kappa
to test the agreement between the three involved individuals was
not performed. The magnitude of approximation was, therefore,
empirical.

3.11. Sample Size Calculation

The calculation of the sample size was based on the results of the
study of Vervaeke et al. [44], which observed a mean MBL + SD
for smokers 0.57 +0.93 mm, and 0.30 + 0.58 mm for non-smokers.
There was a need of 186 implants in each group having set alpha
(o) at 0.05 and power at 80%. The sample size calculation was
performed with ClinCalc.com.

3.12. Statistical Analyses

The mean, standard deviation, and percentages were presented
as descriptive statistics. Kolmogorov—Smirnov test was perfor-
med to evaluate the normal distribution of the variables, and Le-
vene’s test evaluated homoscedasticity. The performed tests for
two independent groups were Student’s t-test or Mann-Whitney
test, and for three or more independent groups were ANOVA or
Kruskal-Wallis test, depending on the normality. Paired t-test or
Wilcoxon Signed Rank test were used to compare the mean va-
lue difference of continuous variables between dependent groups.
Pearson’s chi-squared test or Fisher’s exact test was used in the
analysis of contingency tables of categorical data of independent
groups, and McNemar’s test for dependent groups.

Univariate linear regression models were used to compare MBL
over time between clinical covariates. In order to verify multicol-
linearity, a correlation matrix of all of the predictor variables was
scanned, to see whether there were some high correlations among
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the predictors. Collinearity statistics obtaining Variance Inflation
Factor (VIF) and tolerance statistic were also performed to detect
more subtle forms of multicollinearity. A linear mixed-effects mo-
del was built with all variables that were moderately associated
(p < 0.10) with MBL in the univariate linear regression models.
Mixed-effects model was used in order to take into consideration
that some patients had more than one implant-supported single
crown, as multiple observations within an individual are not inde-
pendent of each other.

The degree of statistical significance was considered p < 0.05.
Data were statistically analyzed using the Statistical Package for
the Social Sciences (SPSS) version 27 software (SPSS Inc., Chi-
cago, IL, USA).

4. Results

The cohort group initially included 760 implants installed in 210
patients, 105 smokers and 105 non-smokers. The periapical radio-
graphs for 1 smoker and 5 non-smokers patients were excluded
for not being of sufficient quality. Therefore, 204 patients were in-
cluded in the present study (104 smokers, 100 non-smokers), with
677 dental implants (340 in smokers, 337 in non- smokers).

The mean age (+ SD) of the 204 patients was 54.6 + 14.7 years
(min-max, 15.2-81.3) at the day of the implant surgical placement.
The patients were followed up clinically for a mean (+ SD) of
162.4 + 75.6 months (min-max, 40.4-364.2), and radiographically
for a mean (+ SD) of 133.1 + 75.0 months (min-max, 39.6-364.2).

Table 1 shows the descriptive data of the implants included in the
study. The variable patient’s age was divided into three categories
each, based on the 33.3 and 66.7 percentiles of sample distribution,
in order to generate groups of more balanced sample sizes. There
was a difference in distribution of implants of different surfaces
between the groups, as well as for the age groups of the patients,
and the distribution of patients with different types of diabetes.

Analysis of the univariate linear regression analysis (Table 2)
showed that the estimated MBL over time was statistically signifi-
cantly different between the categories of the following variables:
smoking degree (greater MBL for higher degrees of smoking) (Fi-
gure 3), bruxism (greater MBL for bruxers) (Figure 4), patient’s
sex (greater MBL in men), patient’s age at the time of implant
placement (greater MBL for the range 51-61 years), jaw (greater
MBL in maxilla), jaw region (greater MBL in posterior region),
implant diameter (greater MBL for regular diameter implants), im-
plant surface (greater MBL for implants with modified surface),
prosthesis type (greater MBL for FDP 2-6 units and full-arch fixed
prosthesis), and prosthesis fixation (greater MBL for screw-re-
tained prosthesis). Most the categories had a moderate degree of
linear correlation (R2 linear) with MBL over time. Diabetes (Fi-
gure 5) and tooth region were not statistically significant.

The results of the linear mixed-effects model (Table 3) suggested
that smoking degree (greater MBL for higher degrees of smoking),
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bruxism (greater MBL for bruxers), jaw (greater MBL in maxilla), prosthesis fixation (greater MBL for screw-retained prosthesis)
implant diameter (greater MBL for regular diameter implants), and  had a statistically significant influence on MBL over time.

Figure 3: Scatter plot comparing the marginal bone level over time between implants placed in patients with different degrees of smoking (linear
regression).

Figure 4: Scatter plot comparing the marginal bone level over time between implants placed in bruxers and non-bruxer patients (linear regression).

Figure 5: Scatter plot comparing the marginal bone level over time between implants placed in diabetic (also distinguished between type 1 and type 2)
and non-diabetic patients (linear regression).
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Table 1: Descriptive data of the implants included in the study, separated by group. The statistical unit is the implant, not the patient.

Factor Smokers, implants (%) Non-smokers, implants (%) p value
Follow-up * (months)
(mean £ SD) 128.8+77.1 139.4+72.4 0.056°
Age
(mean £ SD) 53.0+14.2 56.3+15.1 0.063 °
Sex
Male 151 (44.8) 168 (49.4) 0.230°¢
Female 186 (55.2) 172 (50.6)
Age (years)
<50 125 (37.1) 100 (29.4) 0.023 ¢
51-61 112 (33.2) 107 (31.5)
> 62 100 (29.7) 133 (39.1)
Jaw
Maxilla 187 (55.5) 182 (53.5) 0.609 ¢
Mandible 150 (44.5) 158 (46.5)
Jaw region
Anterior 191 (56.7) 204 (60.0) 0.380°
Posterior 146 (43.3) 136 (40.0)
Tooth region
Incisor 132 (39.2) 128 (37.6) 0.190 ©
Canine 60 (17.8) 76 (22.4)
Premolar 120 (35.6) 102 (30.0)
Molar 25(7.4) 34 (10.0)
Implant diameter
3.00-3.50 mm 30(8.9) 25(7.3) 0.441°
3.75-4.10 mm 301 (89.3) 312 (91.8)
4.30-5.00 mm 6(1.8) 3(0.9)
Implant surface
Turned 154 (45.7) 228 (67.1) <0.001 ¢
Modified 183 (54.3) 112 (32.9)
Prosthesis type ®
Single crown 44 (13.1) 44 (12.9) 0.181°¢
FDP 2-6 units 115 (34.1) 102 (30.0)
FDP 7-10 units 10 (3.0) 16 (4.7)
Full-arch 168 (49.8) 174 (51.2)
Overdenture 0(0) 4(1.2)
Prosthesis fixation
Cemented 31(9.3) 37 (11.3) 0412°¢
Screwed 301 (90.7) 291 (88.7)
Bruxism ¢
No 292 (89.8) 312 (93.4) 0.098 ¢
Yes 33 (10.2) 22 (6.6)
Diabetes ¢
No 288 (88.1) 309 (91.2) <0.001 ¢
Type 1 0(0) 13 (3.8)
Type 2 39 (11.9) 17 (5.0)

* Radiological follow-up

® Wilcoxon Signed Rank test

¢ Comparison of the distribution of implants, among the categories of each factor, between smokers and non-smokers
4 For the cases with available information
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Table 2: Univariate linear regression analysis for MBL.

Factor Linear equation * p value * R? linear
Smoking

No y=-0.11 -0.00411x <0.001 0.358

1-5 cig/day y=-0.13 -0.00693x 0.647

6-10 cig/day y =-0.20 - 0.01000x 0.648

11-15 cig/day y=-0.31-0.01000x 0.678

20 cig/day y =-0.59 - 0.01000x 0.699
Diabetes

No y =-0.19 - 0.00796x 0.175 0.412

Type 1 y =-0.08 — 0.01000x 0.866

Type 2 y =-0.35-0.01000x 0.447
Bruxism ®

No y=-0.20 - 0.00773x <0.001 0.388

Yes y =-0.20 - 0.01000x 0.676
Sex

Male y =-0.19 - 0.00848x <0.001 0.388

Female y=-0.21 —0.00808x 0.418
Age (vears)

<50 y =-0.27-0.00798x <0.001 0.438

51-61 y=-0.21 —0.00896x 0.44

> 62 y=-0.19 — 0.00569x 0.212
Jaw

Maxilla y=-0.21-0.00828x <0.001 0.348

Mandible y=-0.19-0.00819x 0.456
Jaw region

Anterior y =-0.23 - 0.00816x 0.048 0.356

Posterior y=-0.17-0.00827x 0.485
Tooth region

Incisor y =-0.23 — 0.00876x 0.245 0.381

Canine y =-0.24 - 0.00708x 0.311

Premolar y=-0.16 — 0.00875x 0.5

Molar y=-0.19 —0.00691x 0.467
Implant diameter

3.00-3.50 mm y=-0.23 -0.00391x 0.002 0.19

3.75-4.10 mm y =-0.20 — 0.00853x 0.429

4.30-5.00 mm =-0.49 — 0.00342x 0.1
Implant surface

Turned y=-0.19 —0.00812x <0.001 0.422

Modified y=-0.20 - 0.00875x 0.361
Prosthesis type

Single crown y =-0.25-0.00653x <0.001 0.29

FDP 2-6 units y=-0.19 - 0.00828x 0.493

FDP 7-10 units y =-0.25-0.00576x 0.363

Full-arch y=-0.21-10.00867x 0.388

Overdenture y =0.08 +0.00349x 0.631
Prosthesis fixation ®

Cemented y =-0.25-0.00653x <0.001 0.307

Screwed y=-0.21 - 0.00818x 0.407

* For the linear equation, “x” represents the number of months

2 Comparison of the slope of the equation (variation of MBL in mm in time) between groups

b For the cases with available information
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Table 3: Linear mixed-effects model for MBL.

Predictor variables F statistic | p value
Smoking 118.725 <0.001
Bruxism 7.216 0.007
Sex 2.118 0.103
Age 3.245 0.075
Jaw 23.786 <0.001
Jaw region 0.072 0.788
Implant diameter 4.997 0.007
Implant surface 3.576 0.068
Prosthesis type 0.105 0.705
Prosthesis fixation 6.329 0.012

5. Discussion

The aim of the present retrospective study was to investigate the
influence of the smoking on MBL at dental implants.

According to the results of the present study, there was a statistical-
ly significant difference in MBL between smokers and non-smo-
kers. Therefore, null hypothesis was rejected. Some factors may
explain these results.

Much is believed to be associated with the negative effects of the
smoking toxins on bone metabolism and osteogenesis, and on
angiogenesis. Cigarette smoke expose results in reduction of the
bone trabeculae thickness which is associated to a decrease in mi-
neralizing surface as well as in the mineral deposition rate [45].
Cigarette smoke also disturbs angiogenesis by inhibiting several
biochemical and physiological processes that results in abnormal
blood supply to tissues, which in turn decreases repair of damaged
tissues and remodeling [46]. There is an increased risk of peri-im-
plantitis in smokers compared with non-smokers [47]. Systematic
reviews with meta-analysis on the subject including 107 and 292
studies, respectively, suggested that smoking has a worse effect
on the level of marginal bone around implants in comparison to
non-smokers [30, 31].

The results of the present study suggest that it appears to have a
positive correlation between the degree of smoking and the degree
of MBL. A study suggested that smoking lowers bone mineral den-
sity and is a result of decreased calcium absorption associated with
secondary hyperparathyroidism and increased bone resorption.
Moreover, it was observed a significant increase in bone remo-
deling markers in heavy smokers in comparison to light smokers,
suggesting that the negative effect of smoking on bone may be
higher with the increase of the smoking frequency [48]. However,
the positive correlation between the degree of smoking and the
degree of MBL was more clearly observed until a certain limit, and
patients who used to smoke between 11 and 20 cigarettes per day
showed similar estimated MBL over time. More studies are neces-
sary in order to verify whether the negative effect of smoking on
the marginal bone levels may tend to level above a certain degree
of cigarette smoking.
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The greater MBL in bruxers in relation to non-bruxers could be
associated to the absence of a periodontal ligament around dental
implants, limiting the amount of feedback the central nervous sys-
tem receives, causing a reduction in the tactile sensitivity around
implants [49]. Therefore implant-supported restorations are more
likely to be subjected to higher loads during bruxism because of
this reduced tactile sensitivity around implants [50, 51], which
could in theory negatively affect the marginal bone level, although
this cause-effect relationship still needs to be confirmed with ap-
propriately designed studies. The fact that a patient had a occlusal
splint was not a reliable information, as confirmed in Chrcanovic
et al. (2017), when the patients were checked for bruxism. There
were cases where patients had a occlusal splint, but were used only
eventually, or used only during the first two weeks, or never used
it.

There was an estimated greater MBL over time around implants in
the maxilla in comparison to implants in the mandible. This could
be related to the differences in bone quality between the jaws [52].
Smoking may be a significant risk factor with adverse effects on
implants in areas of loose trabecular bone but may not be as signi-
ficant for dense bone sites, such as the mandible [53].

Another finding was the greater estimated MBL over time for re-
gular diameter implants in comparison to narrow and wide diame-
ter implants. This goes against the results of a study that observed
greater MBL with larger diameter implants [54] and could be re-
lated to the extremely unbalanced groups of implants of different
diameter ranges. The authors of this previous study [54] hypothe-
sized that the posterior regions of the jaw more often present a
alveolar ridge wide enough to receive wide implants, in a region
where tissue architecture is different and mechanical loads are hi-
gher. According to them, larger implants are therefore expected to
be subject to higher compressive forces and these may have caused
more resorption.

The last factor to show statistically significant difference of the
estimated MBL over time was the prosthesis fixation type, with
screw-retained implant-supported restoration shower greater MBL
than around implants supporting cemented restorations.

A possible explanation for this observing greater MBL in screw-re-
tained design could be related to the fact that the position of the
access opening in the prosthetic restoration transfers occlusal
loads in a non- axial manner, which could result in increased MBL
[55]. In vitro and in vivo studies have suggested that there is mi-
nimal stress exertion on the implant and the crestal bone around it
with cement-retained prostheses in comparison to screw-retained
prostheses [56-58]. However, we cannot draw any conclusions
from this, since a disproportionate amount of screw retained,
and cement retained were used for this retrospective study. There
should be a study dedicated to this subject that accounts for both
types of anchoring prostheses to the implant.

Some authors state that the difficulty of removing excess subgingi-
9
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val cement on cement-retained prosthesis leads to higher probabi-
lity to accumulate plaque, develop sulcular bleeding, and inflame
the gingiva [83]. Other studies have reported a high number of
complications with screw-retained restorations. (McGlumphy et
al. 1992; Patterson & Johns 1992; Kallus & Bessing 1994; Dixon
et al. 1995; Haack et al. 1995), This study did not reveal any com-
plications. It is known that studies on this subject differ, and a
consensus cannot be reached. Thus, more studies need to be made
to confirm or dismiss the claim that screw retained implants lead
to higher MBL.

5.1. Limitations of the Present Study

This was a dental record based retrospective study, and the nature
of a retrospective study inherently results in flaws. These problems
were manifested by the gaps in information and incomplete re-
cords. Furthermore, all data rely on the accuracy of the original
examination and documentation. Items may have been excluded
in the initial examination or not recorded in the dental chart. This
issue may have been of higher impact when it comes to the perio-
dontal history and status of the patients. The cohort group which
the patients of the present study originated from were all treated in
a specialist clinic in prosthodontics, and unfortunately only a very
small amount of the dental records had detailed information about
the periodontal status of the patients, which was not considered
here.

Another possible source of error is that the follow-up time was not
the same for all patients. While most patients had a follow-up of 3
years or a bit more, others were followed up for almost 30 years.

Moreover, although an initial calibration was done, discrepancies
between the measurement of the participants of the study could
still occur. Different people could have different perception of
where the bone or implant begins and ends, for example, due to
the non-standardized contrast in the radiographies. Furthermore,
small differences in inclinations of the periapical radiographies in
relation to the implants could affect the measurement of the im-
plant pitch, which in turn would affect the precision of the MBL
measurement. The fact that the time when the baseline radiograph
was taken could vary between implant installation and 12 months
also is a limitation concerning MBL.

Finally, other factors that were not investigated in the present stu-
dy could also have affected the MBL [59-82].

6. Conclusions

As conclusions, the results of the present study suggest the fol-
lowing:

Smoking negatively affect the MBL at implants. There appears to
be a positive correlation between the degree of smoking and the
degree of MBL, meaning, the higher the degree of smoking, the
greater the MBL. However, this correlation is more clearly obser-
ved until a certain limit. The difference is not apparent for different
degrees of smoking when this is high, namely above 10 cigarettes
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per day.

Other factors that are suggested to negatively affect MBL are bru-
xism, implant location (in the maxilla), implant diameter (grea-
ter MBL for 3.75mm-4.10mm), and screwed implant-supported
prostheses.
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