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Abstract: Background: Smoking tobacco significantly affects the biology of periodontal tissues and
contributes to the increased risk of peri-implant diseases. The aim of the study was to investigate
whether smoking cigarettes affects the primary and secondary stability of maxillary dental implants,
inserted into fresh sockets immediately after extraction. Methods: The study was conducted on
164 patients between the ages of 27-71 years old. 67 individuals smoked more than 20 cigarettes
daily and 97 were non-smokers. 190 immediate implants were inserted in the maxilla. Immedi-
ate implantations were performed with simultaneous augmentation of the socket with xenogenic
bone grafting material. In the posterior region, implants were inserted into the palatal alveolus.
The stability of the implants was measured using Insertion Torque Value (ITV) and two types of
devices: Periotest (PT) and Osstell (ISQ). Marginal bone loss was evaluated on cone beam computed
tomography scans. Results: In an aesthetic area, the PT values at 6 months post-implantation were
higher for smokers than non-smokers (p < 0.05), respectively. The ISQ values were significantly lower
in smokers compared to non-smokers at 6 months post-implantation (p = 0.0226), respectively. In the
posterior region PT values were higher in smokers both on the day of implantation (p = 0.0179),
6 months after surgery (p = 0.0003) as well as 24 months after surgery (p < 0.0001), as compared to
non-smokers, respectively. Smokers revealed lower ISQ values than non-smokers (p = 0.0047) on the
day of implantation, as well as 6 months after implantation (p = 0.0002), respectively. There were
no significant differences in marginal bone loss after 18 months of loading between smokers and
non-smokers in the aesthetic, as well as posterior regions (p > 0.05). ITV measurements were lower in
smokers than non-smokers in the aesthetic (16.3 vs. 17.5 Ncm) and posterior area (16.8 vs. 17.9 Ncm).
Conclusions: This study indicate that smoking cigarettes has a negative effect on the stability of
immediate implants in the maxilla. Primary stability of immediate implants may be lower in the
posterior area of the maxilla in smokers when compared to non-smokers, which may eliminate
smokers from immediate implants in this region. Secondary stability of immediate implants may be
lower in both the aesthetic and posterior areas in smokers compared to non-smokers, which may
encourage the postponement of final crowns delivery at 6 months post op and the extension of the

occlusaly temporary crowns use in some smoker cases.

Appl. Sci. 2021, 11, 27. https:/ /dx.doi.org/10.3390/app11010027

https:/ /www.mdpi.com/journal/applsci


https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-6286-5697
https://orcid.org/0000-0001-6900-0429
https://orcid.org/0000-0003-0514-4997
https://dx.doi.org/10.3390/app11010027
https://dx.doi.org/10.3390/app11010027
https://dx.doi.org/10.3390/app11010027
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.3390/app11010027
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/2076-3417/11/1/27?type=check_update&version=2

Appl. Sci. 2021, 11,27

20f 14

Keywords: immediate implants; implant stability; smoking; risk factors for dental implants;
Periotest; Osstell

1. Introduction

Smoking tobacco is considered a risk factor in implantoprosthetic treatment, as the
failure rate of implants among smokers is almost 2-fold higher than in non-smokers [1].
Recent meta-analysis shows that the effect of smoking tobacco is dose-dependent, and the
implant failure risk is 4-fold higher in patients who smoke more than 20 cigarettes a
day [2]. The multidirectional impact of cigarettes on wound healing in the head and neck
region, its influence on the process of osseointegration, and on the composition of the oral
microbiome, all affect the outcome of implant therapy [3-5]. The stability of implants is a
key factor in the process of osseointegration. Primary implant stability, acquired through
mechanical forces between the surface of the implant and the bone, is dependent mostly on
the implant design and dimensions, bone architecture and the insertion protocol. Secondary
implant stability is gained after the osseointegration of the implant and is constituted by a
biological connection between the bone tissue and the implant surface [6]. Implant stability
is a prerequisite for proper osseointegration, as excessive micromobility of the implant may
disrupt the formation of bone in contact with the titanium screw, and could lead to fibrous
encapsulation of the implant [7].

Literature on dental implant stability among smokers is limited. Most previous studies
report that smoking tobacco does not have a significant impact on implant stability after
full osseointegration [8—12]. A recent study revealed lower stability among smokers [13],
while another indicated that primary stability may be higher in smokers versus non-
smokers [14]. Some researchers found that the process of osseointegration may be altered
by tobacco use and that the process of acquiring secondary stability may be slower in
smokers [11,12]. Existing evidence related to implant stability among smokers is scarce.
Heterogenous results appear to be contradictory.

All of the above-mentioned studies evaluated the implants inserted in a conventional
way, in the healed alveolar bone crest. Nowadays, there are many new techniques for
placing implants in simultaneously regenerated bone, zygomatic implants or implants
placed directly into fresh sockets after tooth extraction [15-17]. To date there is no research
evaluating the stability of immediate implants inserted into fresh sockets, following extrac-
tion, in smokers. Moreover, most of the existing studies were performed according to a
one-step protocol employing an open model of implant healing. The comparison between
posterior and anterior area of implant insertion is lacking [8-11,13,14]. The current research
is focused on immediate implants inserted in the aesthetic, as well as posterior area of the
maxilla, where all of the implants underwent a closed healing process.

The aim of this study was to objectively compare the primary and secondary stability
(6 and 24 months after implant insertion) of immediate implants in the anterior and
posterior area of maxilla in smoking and non-smoking patients by means of resonance
frequency analysis (RFA) and damping capacity (PTV).

2. Materials and Methods
2.1. Study Design

The prospective case series study was conducted in the Department of Oral Surgery,
Medical University of Warsaw, Poland. The study included 164 patients. Study partici-
pants were recruited between the years 2012 and 2015 (during which their surgeries were
performed) and the observation period was two years. Patients were informed about
the purpose of the study and informed consent was obtained. The study was approved
by the Bioethical Committee of the Medical University of Warsaw, permission number:
KB/278/2012.



Appl. Sci. 2021, 11,27

3o0f14

Criteria for inclusion in the study were as follows: generally healthy patient with no
chronic diseases, not taking any chronic medication, lack of focal infection in other regions
of the oral cavity, proper oral hygiene, patients who lost their teeth due to caries, endodontic
problems, periodontitis, tooth fracture, and resorption. The exclusion criteria were as
follows: moderate smokers (less than 20 pack years), bruxism, occlusal parafunctions (e.g.,
clenching, grinding, tapping teeth, biting the mucosa of lips and cheeks, biting nails and
chewing gum), defects of the alveolar socket walls except for the vestibular bone plate.
In the case of the presence of chronic periapical inflammation, patients qualified for the
delayed protocol of implantation and were thus not included in the study.

2.2. Implants Features

SPI implants (Alpha-Bio Tec., Petah Tikwa, Israel) was used. SP1 is an active spiral
implant, recommended for D3 and D4 bone, with a high thread pitch of 2.4 mm. SPI has self-
drilling, self-tapping and self-condensing properties. It has a hexagonal connection 2.5 mm,
a patented NanoTec surface, high BIC (bone implant contact) and platform switching.
The implants used are characterized by a slightly tapered body and tapering core, that is
more pronounced that the body. The double thread design with 2.4 mm step is used
with the variable threads design: coronal-thicker square threads, middle-thinner square
threads, and apical-V threads. Thread depth increase in the apical direction. Alveoli
were simultaneously augmented with bovine xenogenic bone substitute material (granule
diameter of 0.5-1 mm; Alpha-Bio’s Natural Bone Graft, Alpha-Bio Tec., Petah Tikva, Israel).

2.3. Surgical Procedures

Cone beam computed tomography (CBCT) scans were routinely performed before
surgery to evaluate the future position of the implants and confirm the integrity of the
alveolar bony walls. Parameters such as implant diameter and length, angle of insertion,
torque, depth of alveolar socket, drilling depth, and level of implant embedment in the
bone were recorded. The density of the bone was not assessed.

The surgical procedures were performed by P.W. After obtaining optimal oral hygiene,
implants were placed with antibiotic coverage of oral Augmentin (875 mg of amoxicillin
with 125 mg of clavulanic acid), given every 12 h for 7 days, starting from the day before
surgery. Infiltration anaesthesia was administered using cartridges containing 40 mg
articaine hydrochloride and 0.01 mg epinephrine tartrate, in a 1 mL solution.

In the aesthetic region, minimally traumatic extractions of the teeth were performed
with use of luxators and forceps. Immediate implantation with SPI implants was performed
and implants were inserted according to the manufacturer’s instructions. Alveoli were
simultaneously augmented with bovine xenogenic bone substitute material, with a granule
diameter of 0.5-1 mm (Alpha-Bio’s Natural Bone Graft, Alpha-Bio Tec., Petah Tikva, Israel).
Augmentation in both aesthetic and posterior regions was performed only within the
boundaries of the alveolus. Missing teeth in the anterior area were restored temporarily
with adhesive Maryland bridges.

In the posterior region, extractions with immediate implantation were performed
according to the method described by Wychowariski et al. [18]. Shortly, after removal of
the crown and root separation, atraumatic extractions were performed with luxators and
forceps. Post-extraction sockets were thoroughly curetted. Buccal, as well as palatal alveoli,
were filled with bovine xenogenic material (granule diameter of 0.5-1 mm, Alpha-Bio’s
Natural Bone Graft). Afterwards, the implant bed in the palatal alveolus was prepared
manually with the use of tools of increasing diameter, in order to allow the biomaterial
to condense and to enlarge the implant bed. SPI implants (Alpha-Bio Tec., Petah Tikva,
Israel) were inserted according to the manufacturer’s instructions. Control CBCT scans
were taken, and the wound was protected using surgical cement (Septo-Pack, Septodont,
Paris, France). All of the implants underwent closed healing for a period of 6 months [18].

In the aesthetic area, 129 implants with a length of 11.5, 13 or 16 mm and a platform
diameter of 3.3, 3.75 or 4.2 mm were inserted. In the posterior region, 61 implants with a
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length of 10 or 11.5 mm and a diameter of 3.75 or 4.2 were inserted. Each patient received
either 1 or 2 implants. Bone Class III and IV by Lekholm and Zarb classification was found
in all implant sites [19]. Characteristics of study participants were presented in detail in
Table 1.

2.4. Post-Operative Care

Patients were administered 500 mg ibuprofen, 30 min after the procedure and again
later on, if pain was present. Patients were instructed about the negative effects of smoking
on implant stability and wound healing and were instructed to avoid smoking for 2 days
post-surgery. Patients were advised to rinse their mouth with a solution containing 0.12%
chlorhexidine, twice a day for 2 weeks. Professional prophylactic procedures involving
removal of bacterial biofilm and dental calculus were performed twice a year.

All implants superstructure was single unit cemented crowns. We performed ceramic
crowns on a zirconium foundation. We used Maxcem Elite self-etch and self adhesive resin
cement (Kerr Italia) to cement the crowns on the zirconium abutment.

Table 1. Characteristics of Study Participants.

Aesthetic Area Posterior Area
Smokers Non-Smokers Smokers Non-Smokers
n % n % n % n %
Overall number of patients 47 42 65 58 20 100 32 100
Female 27 57.5 36 55.4 10 50 17 53
Male 20 42.5 29 44.6 10 50 15 47
Age at insertion (range) 47 (27-63) 50 (29-64) 54 (29-71) 48 (27-68)
Total number of 54 100 75 100 24 100 37 100
implants placed
Patlents. who received 40 85 55 85 16 80 o7 84
1 implant
Pat1ent§ who received 7 15 10 15 4 20 5 16
2 implants
10 mm-long implants - - - - 9 37.5 13 35
11.5 mm-long implants 20 37 25 33.5 15 62.5 24 65
13.0 mm-long implants 28 52 40 53.5 - - - -
16.0 mm-long implants 6 11 10 13 - - - -

Platform (3.3 mm)
implant diameter
Platform (3.75 mm)

12 22 14 18.5 - - - -

. . 31 57.5 43 57.5 9 37.5 6 16
implant diameter
Platform (4.2 mm) 11 205 18 24 15 625 31 84
implant diameter
Bone class III 26 4815 39 52 11 4583 17 45.95
Bone class IV 28 5185 36 48 13 5417 20 54.05
Mean Insertion Torque
Value (Nem) 16.3 - 17.5 - 16.8 - 17.9 -
Standard deviation 50 ) 49 ) 57 ) 61 )

of Insertion Torque Value

2.5. Stability Measurement

Stability of dental implants was measured using two devices: the Periotest Classic
(Medizintechnik Gulden, Modautal, Germany) and the Osstell Mentor (Osstell, Gote-
borg, Sweden). Stability measurements were performed on the day of implantation, af-
ter 6 months (at the day of prosthetic loading) and again after 24 months post-implantation.
Stability measurements using the Osstell apparatus 24 months after implantation were not
performed due to the presence of cemented prosthetic superstructures.

The Osstell Mentor device uses resonance frequency analysis (RFA) to estimate the
stability of the implants. The device magnetically induces vibration of the implant and
measures its frequency of movement. The result is expressed with ISQ scale (ISQ—Implant
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Stability Quotient) values: from 0 to 100—increasing values of ISQ are correlated with
increased stability of the implant [20,21]. According to the producer manual and research
data there are four main ranges of measured ISQ values: less than 60 (consider conservative
approach due to low implant stability), 60-65 (two—-stage conventional loading recom-
mended), 65-70 (one-stage early loading possible witch caution), and more than 70 (one
stage immediate loading recommended) [22,23].

Measurements were performed three times in the bucco-lingual and antero-posterior
plane, and results were averaged to minimize measurement error. The final ISQ result is
the average of values obtained from both planes.

The Periotest Classic device is designed to identify the damping capacity and the
stiffness of the implant by measuring the contact time between the tip of the monitoring
rod and the surface being tested during percussion. The results are expressed using PTV
(Periotest Value) units ranging from —8 to +50, where a lower PTV is correlated with higher
stability of the implant [24]. Measurements were performed by applying the tip of the
device perpendicularly to the long axis of the healing abutment or the prosthetic crown,
at its most apical point. Measurements were repeated three times in the bucco-lingual
plane and the results were averaged. At the day of implantation Insertion Torque Value
(ITV) was measured using the OsseoCare Pro drilling unit Bien Air Dental.

2.6. Marginal Bone Loss Measurement

Marginal bone loss was assessed with the use of CBCT to visualize alveolar bone in
a repeatable manner, both on the mesial and distal sides of the implants, as well as on
the palatal and vestibular aspects [25,26]. Measurements were performed on the day of
prosthetic loading (6 months after implantation) and 18 months after prosthetic restoration,
using a Kodak 3000C 3D CBCT apparatus (Kodak Dental Systems, Atlanta, GA, USA),
with Dental Imaging Software version 6.12.32 (Kodak Dental Systems, Atlanta, GA, USA).
The measurements were made from the implant shoulder level to the nearest bone level.
Scans were evaluated in two planes: bucco-palatal (one measurement on the buccal side,
one on the palatal side of the implant) and mesio-distal (one measurement on the mesial
side and one on the distal side of the implant). The recorded result was the highest of
the four measurements. The investigator performing the measurements was blinded with
regards to which group the patients were assigned to. The order of analysed material
was randomized to compensate potential bias in the learning curve during measurement
taking. This was the case for both marginal bone loss measurements and implants stability
measurements.

2.7. Statistical Analysis

The sample size was estimated using G*Power software, version 3.1.9.4 for a one-tailed
t-test at & = 0.05 with 80% power, assuming d (effect size) = 0.85, for two study groups Effect
size 0.85 was reached assuming minimal delta = 0.51 and maximal SD = 0.60. The SD was
obtained based on our previous studies. The recommended sample size for one group was
18 patients. All data were expressed as the mean and standard deviation. Data were first
examined for normality using the Kolmogorov-Smirnov test (data not shown); Unpaired t-
test or Mann-Whitney test (some data was not normally distributed) were used to compare
the differences between groups (smokers and non-smokers). If possible, the significance
test was 2- tailed and conducted at a 0.05 level of significance. The Pearson test was used
for correlation analyses between measured variables. There was no missing data.

3. Results
3.1. Characteristic of Patients
The study was conducted on 164 patients: 74 men and 90 women, aged between

27 and 71 years (mean age of 49 years). The group of patients included 67 patients that
smoked more than 20 cigarettes a day, for at least 10 years (more than 10 pack years-heavy-
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smokers) and 97 people that were non-smokers (had never smoked). The survival rate of
the implants after 2 years of observation was 100%.

Since smoking tobacco is one of the risk factors for the development of periodontitis,
the reasons for the extraction of the teeth were recorded, and the study groups remained
uniform in this regard. The percentage of teeth extracted due to periodontal disease in
smokers and non-smokers in the posterior area were 8% and 16%, respectively, whereas
teeth extracted due to periodontal disease in the aesthetic area was 9% and 9.5%, respec-
tively. The studied population was limited to a group of patients that fulfilled the eligibility
criteria and were admitted between the years 2012 and 2015. Overall, 674 patients were
assessed for eligibility, 251 patients were excluded due to general chronic diseases, 3 pa-
tients were routinely taking sedative medication, 114 had an active focal infection in the
oral cavity, 117 suffered from bruxism/occlusal parafunctions and 23 could not maintain
proper oral hygiene. Overall, 508 patients were excluded from the study and the inclusion
criteria were met by 166 subjects. The follow-up period for all the participants was 2 years.
No patient was lost to follow-up, 2 patients quit smoking in the follow-up period, and were
excluded from the study. Reasons for tooth loss were displayed in Table 2.

Table 2. Reasons for tooth loss.

Aesthetic Area Posterior Area

Smokers Non-Smokers Smokers Non-Smokers
n o/o n 0/0 n o/o n o/o
Caries 22 41 16 21 11 46 18 49
Endodontic problem 14 26 22 29.5 7 30 6 16
Periodontitis 5 9 7 9.5 2 8 6 16
Fracture 8 15 21 28 2 8 4 11
Resorption 5 9 9 12 2 8 3 8

3.2. Aesthetic Area

Osstell measurements were not significantly different between groups on the day of
implantation. Mean Osstell measurements were significantly lower (lower stability) in
smokers than in non-smokers 6 months after implantation (p = 0.0226). Periotest measure-
ments in the aesthetic area on the day of implantation and 24 months post-implantation
did not reveal any statistically significant differences in implant stability between smokers
and non-smokers (p > 0.05). Mean Periotest values 6 months post-implantation were
higher among smokers (lower stability) when compared to non-smokers and reached 0.34
(£0.12) and 0.0 (£0.09, p = 0.02), respectively. There were no significant differences in
the marginal bone level around implants in the aesthetic area between smokers and non-
smokers, 18 months after loading (p = 0.94). Moreover, the vestibular bone plate thickness
remained the same between the two groups. The results are presented in Figure 1, and in
Table 3. ITV measurements in the posterior area were lower in smokers than non-smokers,
but do not revealed statistically significant differences as showed in Table 1. Statistical
analysis showed a positive correlation between ITV and periotest (PT), and ITV and ISQ in
all study groups, however the above-mentioned correlation was not statistically significant.
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Figure 1. Implant stability in the aesthetic area of smokers and non-smokers, following immediate implantations in maxilla.

PT value

3.3. Posterior Area

Mean Osstell measurements in the posterior area were lower in smokers than non-
smokers, both on the day of implantation (p = 0.0047), as well as 6 months post-implantation
(p = 0.0002). Mean Periotest values in the posterior area were higher (lower stability) on the
day of implantation (p = 0.0179), 6 (p = 0.0003) and 24 months (p < 0.0001) after implantation
in smokers, when compared to non-smokers. Marginal bone loss in the posterior region,
18 months after implantation, was not significantly different between groups (p = 0.49).
The results are presented in Figure 2, and in Table 4. ITV measurements in the posterior
area of maxilla were lower in smokers than non-smokers, but do not revealed statistically
significant differences as shown in Table 1. Statistical analysis showed a positive correlation
between ITV and PT, and ITV and ISQ in all study groups, however the above-mentioned
correlation was not statistically significant.

3 80=
- Smokers —— Smokers
—&— Non-smokers —&— Non-smokers
70+
w /
= /
S 60~
g
2}
50+
3 1 L 1 4c | | | |
0 6 months 24 months 0 6 months

Figure 2. Implant stability in the posterior area of smokers and non-smokers, following immediate implantations in maxilla.

3.4. Other Analyses

The Pearson test was used for correlation analyses between measured variables (Pe-
riotest value, ISQ value, and bone atrophy) and other variables (age, implant diameter,
implant length, implant angulation, and torque during insertion, depth of alveolar socket,
drilling depth, and level of implant embedment in the bone).

Among the groups studied, the only variables that correlated with PT values or ISQ
were implant length, implant diameter and torque. These correlations are consistent with
previously published data available in the literature [24]. The dynamics of the implant
stability increase over time was analyzed for potential differences between smokers and
non-smokers. No significant differences were found between groups in the aesthetic and
posterior regions (p = 0.124 and p = 0.188, respectively).
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Table 3. Implant stability and bone atrophy in the aesthetic area of smokers and non-smokers, following immediate implantations in maxilla ISQ—mean Implant Stability Quotient; PT—

periotest measurements).

Smokers; n = 54

Non-Smokers; n = 75

ISQ
Time of measurement Mean + SD Median Range CI 95% Mean + SD Median Range CI95% p Value
0 58.5 £ 5.05 58.00 52.00-71.00 57.48-59.55 60.0 £5.1 59.00 51.00-73.00 58.89-60.79 0.06
6 months 65.52 £ 5.05 65.00 58.00-78.00 64.14-66.90 67.61 £5.11 67.00 58.00-81.00 66.44-68.79 0.02
PT
Time of measurement Mean + SD Median Range CI 95% Mean + SD Median Range CI 95% p Value
0 2.52+0.11 2.00 0.00-4.00 2.29-2.74 227 4+0.10 2.00 0.00-4.00 2.06-2.46 0.10
6 months 0.34 +0.12 0.00 —2.00-2.00 0.09-0.58 0.0 £0.09 0.00 —2.00-2.00 —0.18-0.18 0.02
24 months —1.40£0.12 —1.00 —3.00-0.00 —1.64-(—1.16) —1.44 £ 0.09 —1.00 —3.00-0.00 —1.62—(—1.25) 0.82
Bone atrophy 18 months after loading [mm]
Time of measurement Mean + SD Mean + SD p Value
18 months post-loading 0.07 £0.01 0.07 £0.01 0.94
Vestibular bone plate thickness 18 months after loading [mm]
Site of measurement Mean + SD Mean + SD p Value
Shoulder 2.06 = 0.41 1.98 £ 0.39 0.43
Middle 2.37 +£0.48 228 +0.43 0.23
Apex 291 4+ 0.58 2.83 +0.58 0.36

Table 4. Implant stability and bone atrophy in the posterior area of smokers and non-smokers, following immediate implantations in maxilla (ISQ—mean Implant Stability Quotient; PT—

periotest measurements).

Smokers; n =24

Non-Smokers; n =37

ISQ
Time of measurement Mean + SD Median Range CI 95% Mean + SD Median Range CI95% p Value
0 60.4 + 0.4 60.60 55.70-64.30 59.49-61.37 629 £ 0.6 62.50 55.50-69.30 61.60-64.12 0.0047
6 months 64.0 = 0.5 63.55 60.40-70.10 63.00-65.05 672+ 0.6 66.70 60.20-75.60 65.88-68.58 0.0002
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Table 4. Cont.
Smokers; n =24 Non-Smokers; n =37
PT

Time of measurement Mean + SD Median Range CI 95% Mean + SD Median Range CI95% p Value
0 237£0.2 2.50 0.00—4.00 1.89-2.85 1.27 £ 0.3 2.00 —2.00-4.00 0.67-1.87 0.0179

6 months 0.20 £0.18 0.00 —2.00-2.00 —0.16-0.58 —-091£0.2 —1.00 —3.00-1.00 —1.34-(—0.50) 0.0003

24 months —1.08 £0.18 —1.00 —3.00-0.00 —1.47—-(—0.69) —2.324+0.2 —2.00 (_:11%%_) —2.65—(—1.99) <0.0001

Bone atrophy 18 months after loading [mm]
Time of measurement Mean + SD Mean + SD p Value
18 months post-loading 0.08 £ 0.02 0.06 £ 0.01 0.49
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4. Discussion

The results of the current study indicate that smoking tobacco has a negative impact
on implant stability following immediate implantation in the aesthetic, as well as posterior
regions of the maxilla. The marginal bone loss around implants was not significantly
different between groups 18 months after prosthetic loading.

Dental implant stability is the key factor enabling proper healing, and, therefore,
the success of the implantoprosthetic treatment and depends on the bone quality, implant
properties, as well as surgical technique [27,28]. The thread pitch, in implants we used,
is 2.4 mm what seems to be a lot, but it is compensated by the double thread design which
results in maximum 1.2 mm distance between single threads. The implant primary stability
is also enriched due to variable thread design wider in the coronal part and deeper in
apical direction. In results this may provide high primary implant stability, even in soft
bone. Periotest measurements in the aesthetic area showed no significant differences in
implant stability on the day of implantation, and 24 months after surgery between smokers
and non-smokers. Although at the time of prosthetic loading (6 months after surgery),
smokers displayed lower implant stability than non-smokers. In the posterior area of the
maxilla implant stability was lower in smokers on the day of implantation, as well as
6 months after. Sanchez-Perez et al. found no significant differences in PT values in general
when comparing smokers to non-smokers, however they revealed that higher Periotest
values (lower stability) were correlated with increased risk of implant failure. Moreover,
the success rate of the treatment was significantly lower in smokers when compared to
non-smokers (84.2% and 98.6%, respectively). Increased tobacco consumption resulted in
more pronounced differences, as the failure rate after 5 years rose to 30.76% among patients
who smoked more than 20 cigarettes a day [10]. Mesa et al. similarly found no differences
in Periotest values between smokers and non-smokers [9].

After 2 years of follow-up no implant failure was observed in both groups of patients.
The differences observed in the above-mentioned studies, which described implantations
performed in a healed alveolar crest, may be attributed to the different type of surgical
protocol, since our patients underwent immediate implantations involving intra-alveolar
augmentation with a xenogenic bone substitute.

It has been build up evidence that excessive mobility of implants, exceeding the
threshold of about 150 microns, inhibits the osseointegration process and may lead to
the formation of a connective tissue layer between the implant and the surrounding
bone [29]. Moreover, available clinical stability measurement methods, such as resonance
frequency analysis used in Osstell device, have been described as suitable to predict
the risk of implant failure, based on secondary stability measurements [30,31]. It is of a
great importance that RFA and Insertion Torque Value represent two different features of
primary stability. The RFA indicating the resistance to bending load, the ITV indicating
the resistance to shear forces [21]. The measurement of ITV or RFA may be significantly
overstated in the case of a thick cortical bone, that provides primary stabilization of the
implant only in its narrow section in contact with the cortical bone, while the implant may
not achieve stabilization in the part emerged in the cancellous bone. In these cases, dynamic
measurement methods such as VIW (Variable Torque Work) or IE (Insertion Energy)
are essential to establish the actual force, the implant is stabilized in the bone. In our
study all the cases were immediate implantation to the fresh alveolar sockets, that mean
the cortical bone was missing. The bone was III or even IV class by Lekholm and Zarb
classification [19]. This is why RFA seems to be reliable method of primary implant stability
assesment and correlated with VITW and IE in these bone conditions [32]. Our results show
the mean ISQ value at the time of surgery in the posterior area 60.4 & 0.4 for smokers
and 62.9 £ 0.6 for non-smokers and at the time of loading 64.0 & 0.5 and 67.2 & 0.6,
respectively. It could be noticed that at the time of surgery in posterior region of maxilla
the majority of smokers cases are on the verge of eligibility for immediate implantation,
while non-smokers exceed these requirements and can be easily recommended for two-
stage conventional loading implantation. After six months the loading of smokers’ implants
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should be performed in caution (may be with the use of temporary not fully loaded crown
for a few months), while non-smokers implants may be loaded with permanent crown.
Our results show the mean ISQ Value at the time of surgery in the aesthetic area 58.5 £+ 0.4
for smokers and 60.0 + 5.1 for non-smokers and at the time of loading 65.52 & 5.05 and
67.61 & 5.11, respectively. It could be noticed that at the time of surgery in aesthetic
region of maxilla the majority of smoker cases are below of eligibility for immediate
implantation, while non-smokers, in most cases, meet these requirements. After six months
the loading of smokers” implants should be always performed in caution (with the use
of temporary not fully loaded crown for a few months), while non-smokers seems to be
ready for permanent loading. Results from previous studies involving implant stability,
measured by resonance frequency analysis, are heterogenous. Most of the authors conclude
that tobacco consumption is not associated with differences in implant stability [8,11,12].
A recent study by Badenes et al. reported that primary implant stability was not affected
by smoking, while secondary stability may be lower among smokers. Moreover, during
the healing period, implant stability among smokers decreased by 0.91 ISQ points, while in
non-smokers it was increased by 2.69 ISQ points, during osseointegration [13]. On the
other hand, Sayardoust et al. showed that stability of implants in smokers was significantly
higher than in non-smokers on the day of implantation, and 1 day, 7 days, and 14 days after
surgery. However, at 28 days post-implantation the difference between these two groups
of patients was not significant [14]. Diverse research protocols and surgical procedures
hinder direct comparison of results obtained. Available results regarding the effects of
smoking on implant stability are significantly variable which indicates the need for further
exploration of the osseointegration process and clarification of the factors contributing to
the discrepancies observed.

A recent meta-analysis by Alfadda et al. indicates that smoking cigarettes increases
the marginal bone loss around implants by 0.11 mm per year on average [1]. Other meta-
analyses confirm increased marginal bone loss around implants in smokers [33,34]. In the
current study the marginal bone loss after 18 months was lower than most of the reported
results included in the above-mentioned meta-analyses. This may be attributed to different
surgical techniques. In our study, the marginal atrophy observed in the alveolar bone was
not significantly different between smokers and non-smokers, both in the aesthetic as well
as posterior regions of the maxilla, 18 months after prosthetic loading.

The differences in implant stability between smokers and non-smokers in the current
study were similar at all time points. Statistical analysis of the implant stability growth
dynamics based on the ISQ value increase did not reveal significant differences between
the two groups (aesthetic area p = 0.124, posterior area p = 0.188). It can be concluded that
smoking did not noticeably affect the osseointegration process itself, during the 6-month
post-implantation period.

A study by Sun et al., comparing the process of osseointegration between heavy
smokers and non-smokers showed that the healing process after implantation may be
slower in smokers. The results indicated initially prolonged period of acquiring secondary
stability of the implants in the first weeks after implantation. However, at 12 weeks post-
surgery, the differences between smokers and non-smokers were not significant, which is
consistent with our observations [11]. Sayardoust on the other hand showed that the
stability of implants in smokers was significantly higher than in non-smokers on the day of
implantation, and 1 day, 7 days, and 14 days after surgery. However, 28 days post-surgery
the difference between these two groups of patients was not significant [14]. Smoking
has a negative effect on bone metabolism, it impedes normal function and proliferation
of the alveolar bone marrow mesenchymal stem cells. A study by Zhao et al. revealed
that these changes were also correlated with disturbances in osseointegration and lower
stability of the implants among smokers from the 3rd to the 6th week after surgery [12].
Due to the different surgical techniques (closed healing) used in our study, the implants
were unavailable for examination due to the ongoing healing process during the first few
weeks after surgery. Upon measuring the implant stability 6 months post-implantation,
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we found no significant differences in implant stability growth dynamics, which is in line
with the abovementioned research.

One of the limitations of the current study involves the use of indirect methods of
stability assessment. ISQ index, despite a strong correlation to the magnitude of implant
micro-mobility, is not in complete agreement with it [35]. Measurement of the absolute
micro-mobility value may have provided more precise information regarding the quality of
the bone-implant interface and might have given a broader image of the osseointegration
process in smokers. To date there are no devices available that could be used in a clinical
setting to assess actual micro-mobility.

Implant stability is affected by a multitude of factors of biological, mechanical,
and technical nature. In our study, parameters including age, implant diameter, implant
length, angulation of implant in mesio-distal and bucco-palatal dimensions, torque and
marginal bone loss were recorded. In the aesthetic area, the depth of the alveolar socket,
drilling depth, and level of implant embedment in the bone were additionally assessed.
Each of the parameters was separately evaluated for correlation to results of stability
measurements to control for potential confounding of the research outcome.

The study by Baltayan et al. proved that implant stability measurement by means
of resonance frequency analysis is suitable for predicting the risk of implantoprosthetic
treatment—the survival rate was correlated with ISQ measurements. Additionally, all of
the failures that were recorded occurred when ISQ was less than 67 at the time of implant
loading [36]. In our study, the mean implant stability in smokers on the day of implant
loading was below that level in both the posterior and anterior regions. Although a survival
rate of 100% was achieved over a 2-year observation period, the significantly lower implant
stability observed in smokers may be viewed as a factor affecting the long-term prognosis
of the implants in that group of patients, thus procedures with a higher failure risk,
such as immediate or early implant loading should be used with caution, especially in the
presence of other risk factors [36,37]. Implant stability measurements performed before
implant loading may help avoid this condition, where the threshold implant stability level,
necessary for a proper osseointegration process, would be exceeded. Many of implants
were inserted in angulation forced by alveolar native bone presence. This is why in lots of
cases the technological hole for screwing on superstructure projected onto the labial wall
of the crown. It was unacceptable especially in aesthetic region. This is why cemented
superstructures were administered to all patients to avoid variation in results. The proposed
procedure made it impossible to measure ISQ 24 months after implantation. We were able
only to use Periotest in this time point of the study. Some newest research considers PT
value as a very predictable implant stability measurement option even correlated with
marginal bone loss in a time. Routine stability measurements may contribute to predictable
long-term success of implantoprosthetic treatment [38].

5. Conclusions

The differences in primary and secondary stability between smokers and non-smoker
are not huge in numbers but may decide about the disqualification for the procedure or
postponement of final crown delivery at 6 months post op and the extension of the occlusaly
temporary crowns use in smokers’ cases. Primary stability of immediate implants may
be lower in the posterior area of the maxilla in smokers when compared to non-smokers.
Secondary stability of immediate implants may be lower in both the aesthetic and posterior
areas of the maxilla in smokers compared to non-smokers. Further studies on a larger
group of participants and deeper insights into the field of periodontal analysis (e.g., pocked
depth, bleeding on probing) and bone biology (e.g., bone density analysis, influence of
bone augmentation on implants healing and stability) during immediate implantation in
smokers are still needed.
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