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Abstract
Background  This split-mouth, double-masked, randomized clinical trial aimed at evaluating the impact of different 
macro geometries and nano topographical modifications on peri-implant bone repair in smokers.

Methods  Thirty-two patients who smoked at least ten cigarettes/day, with the need of a single maxillary or 
mandibular implant bilaterally, received two implants randomly assigned to DA - Dual Acid-Etched implants (n = 32); 
HCAN – healing chambers and activated nano surface (n = 32). Implant stability quotient (ISQ) was evaluated 07, 
30, 60, 90, and 120 days after implant placement. Levels of bone and angiogenic markers were quantified in the 
peri-implant fluid after 07, 15, 30, 90, and 120 days of implant insertion. HCAN implants have a higher ISQ than DA 
implants at 60 days (p < 0.05).

Results  PLGF levels were lower for HCAN implants than for DA implants at 07-day period (p < 0.05). Besides, HCAN 
implants presented higher levels of OPG at 30 days and OPN, BMP-9, FGF-1, PLGF, and VEGF at 90 days, compared 
to DA implants (p < 0.05). The levels of EGF were higher for HCAN implants at 15, 90, and 120 days compared with 
DA implants (p < 0.05). HCAN implants also showed lower levels of TNF-α at 07 days in comparison to DA implants 
(p < 0.05) but had higher levels of DKK1 at 30 days, while DA implants presented higher levels of this marker at 90 days 
(p < 0.05).

Conclusion  Macro geometry and nano topographical modifications positively modulated the bone and angiogenic 
factors, resulting in higher production of these markers during early peri-implant bone healing and having a positive 
effect on implant stabilization in smokers.

Trial Registration  RBR-10gjvcyt; date of registration: 06/12/2023 (Retrospectively registered).

Keywords  Dental implants, Surface treatment, Bone, Biological markers, Protein array, Biomarkers, Osseointegration, 
Nanostructures, Biomechanics
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Background
Smoking has been considered a risk factor for dental 
implant failure [1–4] and for peri-implantitis devel-
opment [5–7]. Moreover, it has been observed higher 
peri-implant marginal bone loss in smokers than in 
nonsmokers [8] and heavy smokers may have a higher 
incidence of implant failure [9–11]. Additionally, epi-
demiologic studies have reported that smoking reduces 
bone density and increases bone fracture occurrence, 
leading to delayed bone repair and altered bone metabo-
lism [12, 13].

Some pathophysiologic mechanisms could help to 
explain the negative impact of cigarette smoking on peri-
implant tissues, including alterations in important bone 
and angiogenic factors such as nuclear factor kappa-B 
(RANK), receptor activator of nuclear factor kappa-B 
ligand (RANKL), and osteoprotegerin (OPG) [RANK–
RANKL–OPG system], bone morphogenetic proteins 
(BMPs), transforming growth factor-β (TGF-β) and alka-
line phosphatase (ALP) [14, 15] and reduced the levels 
of IL-4, -8 TNF-α, and OPG [16]. Additionally, exposure 
to nicotine leads to a decrease in mRNA levels of OPN, 
COL-II, Bone morphogenetic protein 2 (BMP-2), bone 
sialoprotein (BSP), and Core-binding factor alpha-1 
(Cbfa-1) [17]. Furthermore, cigarette smoke itself is an 
exogenous and major source of reactive oxygen species 
(ROS) (108 organic free radicals per puff in the gas phase 
and 1019 free radicals per gram in the tar phase) [18–20] 
that cause cellular oxidative stress which can affect the 
expression of inflammatory signaling molecules and the 
differentiation of osteoblasts and osteoclasts [21, 22].

Considering this, the investigation of more predict-
able implant therapies in smokers could result in new 
approaches to overcome the harmful influence of smok-
ing on bone healing. Therefore, innovative implant macro 
geometries with strategic spaces between the implant 
surface and the surgical bed (“healing chambers”) have 
been suggested as an approach that can benefit the results 
related to peri-implant repair [23–25]. The biological 
plausibility of this modification on implant macro geom-
etry is founded on the fact that healing chambers are 
filled by blood clots immediately after implant installa-
tion, contributing to the healing process [25–27]. Healing 
chamber configurations have been reported as an impor-
tant aspect of secondary stability and may not affect pri-
mary stability [25, 28, 29]. The near contact between the 
implant surface and the bone bed is substantial for pri-
mary stability and subsequent osseointegration [30, 31], 
but evidence has indicated that this condition may pro-
mote impairment on peri-implant bone healing by the 
extensive bone resorption that occurs around the implant 
during healing [29, 32, 33]. It is important to highlight 
that bone formation in the presence of healing cham-
bers occurs through intramembranous ossification with 

new bone formation directly on the implant surface and 
at the surgically instrumented bone wall, which reduces 
appositional ossification and bone resorption due to the 
reduction of compression necrosis [34, 35]. In this type 
of bone formation, the healing chambers are rapidly filled 
by woven bone, which is subsequently replaced by lamel-
lar bone surrounding multiple primary osteogenic struc-
tures throughout the healing chamber volume [34, 35].

Additionally, chemical modifications on the implant 
surface, such as the presence of hydroxyapatite (HA), 
aim at accelerating the bone response and the possibil-
ity of functional rehabilitation in a shorter time by pro-
moting a faster osseointegration [36, 37] due to the 
osteoconductive impact of the surface [26]. In the past, 
the HA layer was thick and could be detached from the 
implants over time, leading to several clinical complica-
tions. However, the insertion technique in a manometric 
scale has been developed, promoting effective cell inte-
gration without signs of foreign body reaction. Thus, the 
nano topographical modifications of implants and their 
chemical composition have a synergistic role in accelerat-
ing osseointegration [38]. Nano-scale changes have pro-
moted pre-osteoblast differentiation, with higher levels 
of osteocalcin and osteoprotegerin expression in vitro 
[39]. Besides, an in vivo study showed that nanostructure 
implants presented higher bone-to-implant contact than 
polished implants [40].

In this regard, implants with optimized macro geom-
etry associated with nano topographical modifications 
could benefit the therapy with dental implants in the 
presence of smoking.

To our knowledge, this study evaluated for the first 
time the influence of an implant with modified macro 
design and nano topographical modifications based on 
the presence of a healing chamber and activated nano 
surface in the pattern of peri-implant repair under smok-
ing conditions. A better understanding of biomechani-
cal aspects and molecular mechanisms related to using 
modified implant macro designs on smokers could sup-
port the use of this strategy to favor the rehabilitation of 
dental implants in this condition.

Methods
Population screening
The prospective, randomized, double-masked, split-
mouth, and controlled clinical study population was 
recruited from patients seeking dental treatment at 
Paulista University, São Paulo, Brazil. The inclusion cri-
teria in this study consisted of smokers (> 10 cigarettes/
day) aged between 18 and 65 years; ASA classification 
II; healthy periodontal status; the presence of at least 20 
teeth in the oral cavity and, bilateral and homologous 
unitary prosthetic space. The exclusion criteria were: the 
presence of systemic diseases that could interfere with 
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bone regeneration (diabetes, arthritis, hypothyroidism, 
hyperparathyroidism, and osteoporosis); pregnancy or 
breastfeeding; use of medications that counter-indicated 
the performance of surgical procedures or that could 

alter bone regeneration around implants (e.g., anti-
inflammatory and bisphosphonate drugs).; absence of 
keratinized tissue at the implant insertion sites (< 2 mm; 
may interfere with hygiene around the implants) [41]; 
need for bone or tissue grafts.

Sample size calculation
The number of patients included in the present study 
was based on previous studies that had found signifi-
cant differences in the levels of bone, angiogenic, and 
inflammatory markers in peri-implant fluid [42, 43]. The 
calculation yielded a minimum sample size of 18 partici-
pants per group. Considering that several individuals and 
implants may be lost throughout follow-up, 32 individu-
als were included in each group.

Randomization
Patients were randomly assigned, using a computer-
generated list generated a priori (SAS 9.3 software; SAS 
Institute Inc., Cary, NC, USA). by a team member not 
involved in the clinical procedures, to one of the two 
treatment modalities: DA - Dual Acid-Etched implants 
– single thread design (SW - S.I.N. IMPLANT SYSTEM) 
(n = 32); HCAN – healing chambers + dual thread design 
[thread within thread profile] and activated nano surface 
- nano-sized HA according to the Promimic HAnano™ 
method [38] (UNITITE - S.I.N. IMPLANT SYSTEM) 
(n = 32).

Treatment protocol – implant placement
All the surgeries and post-operative follow-ups were per-
formed by the same surgeon (A. L. S. O.) at the Dentistry 
Clinic of Paulista University, São Paulo, Brazil. All the 
patients received two cone morse connection implants 
in one stage (S.I.N. IMPLANT SYSTEM, São Paulo, Bra-
zil), which had their prosthetic platform positioned 2 mm 
below the bone crest after the installation of the implants 
with insertion torque varying from 30 to 45 N. One side 
received a DA (Dual Acid-Etched implant), and the other, 
an HCAN (healing chambers and activated nano sur-
face). Hexagonal conical abutments and conical abut-
ment protectors (Implacil de Bortoli, São Paulo, Brazil) 
were installed (Fig. 1).

After anesthesia, a mid-crestal incision on the bone 
crest was performed, and a mucoperiosteal flap was 
shifted. The site was prepared following the manufac-
turer’s instructions, and the intermediate implants and 
abutment protectors were installed. Uninterrupted 
sutures were performed using 4.0 nylon (Nylon, Ethicon, 
Somerville, New Jersey, USA). Amoxicillin (2 g adminis-
tered one hour before the procedure), sodium dipyrone 
(500 mg every six hours for two post-operative days), and 
mouthwash with 0.12% chlorhexidine digluconate (every 

Fig. 1  Schematic illustration of DA and HCAN implants
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12 h for seven days) were indicated. All patients received 
single prostheses within 90 days of implant placement.

Dental implant stability assessment
The implant stability quotient (ISQ) was determined by 
resonance frequency measurements using Osstell® (Inte-
gration Diagnostics AB, Göteborg, DAeden) at implant 
placement and 30, 60, 90, and 120 days later. The mea-
surements were performed in triplicate by the same 
examiner (A.S.O).

Fluid collection and evaluation of osteoblastogenic and 
angiogenic markers
Peri-implant fluids collection was performed by a blinded 
examiner in each group, using filter paper strips (Peri-
opaper; Oraflow, Plainview, New York, USA) at base-
line, 15, 30, 90, and 120 days after implant installation. 
The levels of bone and angiogenic mediators (of Dick-
kopf-1 (DKK1), osteoprotegerin (OPG), osteopontin 
(OPN), vascular endothelial growth factor (VEGF), 
Sclerostin (SOST), epidermal growth factor (EGF), 
fibroblast growth factor (FGF), placental growth fac-
tor (PlGF), osteocalcin (OC), bone morphogenetic pro-
tein-9 (BMP-9), tumor necrosis factor (TNF) alpha and 
receptor activator of nuclear factor-κB ligand (RANKL) 
were determined using a specific kit (HAGP1MAG-12 K, 
HRNKL-51  K, HRNMAG-51  K, Millipore Corporation, 
Billerica, MA, USA), and measured with a multiplex 
instrument (MAGpixTM; MiraiBio, Alameda, CA, USA), 
following the manufacturer’s instructions. The samples 
were individually evaluated and adjusted for fluid vol-
ume, and the concentrations were estimated from the 
standard curve using a five-parameter polynomial equa-
tion and specific software (Xponent® Millipore Corpo-
ration, Billerica, MA, USA). The mean concentration of 
each biomarker was calculated and expressed as pg/ml.

Statistical analysis
The primary outcome variable was the biomarker lev-
els. The secondary outcome was ISQ. Initially, the data 
were submitted for normality tests (Shapiro-Wilk test). 
Once the data distribution was abnormal, ISQ data and 
immunoenzymatic markers were submitted to the Wil-
coxon and Friedman test (inter and intra-group analy-
sis, respectively). An experimental significance level was 
established at 5% for all statistical analyses. The biostat-
istician was blinded to the treatment allocation of the 
quadrants. The analyses were performed using SAS 9.3 
software (SAS Institute Inc., Cary, NC, USA).

Results
Thirty-two individuals were included in the present 
study, and no patients withdrew during the experimental 
stage (Fig. 2). Table 1 shows the data concerning sex, age, 

and implant distribution, and no statistically significant 
differences were observed (p > 0.05).

Resonance frequency analysis
In the resonance frequency analysis, the implant stabil-
ity quotient (ISQ) presented higher values for HCAN 
implants at a 60-day time-point (p < 0.05). Intragroup 
analysis showed higher ISQ values at a 120-day time-
point compared to 30-day periods in the HCAN group 
(p < 0.05). The DA group presented higher values at 90 
and 120 days than at 30-day periods (P < 0.05). The data 
regarding ISQ are summarized in Fig. 3.

Immunoenzymatic markers levels
The immunoenzymatic results are illustrated in Fig.  4. 
An immunoenzymatic assay for bone and angiogenic 
markers showed that, for intergroup analysis, HCAN 
implants demonstrated higher levels of DKK1 at a 30-day 
time point (p < 0.05). In comparison, DA implants pre-
sented higher levels of this marker at a 90-day time-point 
(p < 0.05). HCAN implants presented higher levels of 
OPG at 30 days and OPN, BMP-9, FGF-1, and VEGF at 
90 days, compared to DA implants (p < 0.05). The levels 
of EGF were higher for HCAN implants at 15-, 90- and 
120-day periods compared to DA implants (p < 0.05). 
HCAN implants also showed lower levels of PLGF and 
VEGF at the 07-day time-point and lower levels of SOST 
at the 30-day time-point in comparison to DA implants 
(p < 0.05). However, the levels of PLGF were higher for 
HCAN implants at a 90-day time-point (p < 0.05). HCAN 
implants had lower levels of TNF-α at 07 days’ time-
point (p < 0.05). No statistical difference intergroup exists 
for OC and RANKL (p > 0.05).

Regarding intragroup analysis of HCAN implants, 
higher levels of DKK1 were observed at 30- and 120-day 
time-points compared to 07 days and at 30 days com-
pared to 15-day period (p < 0.05). OPG, OPN, BMP-9, 
and VEGF at 30-, 90- and 120-days’ time-point compared 
to 07 days (p < 0.05). Besides, the levels of VEGF were 
higher at the 15-day time-point compared to the 07-day 
time-point (p < 0.05), and the period showed elevated 
levels of OPG when compared to the 15-day time-point 
(p < 0.05). HCAN implants presented higher levels of 
EGF and PLGF at 15, 30, and 90 days-period compared 
to the 07-day time-point (p < 0.05). The levels of FGF-1 
were higher at 30 and 90 days than at 15 days (p < 0.05). 
The levels of TNF-α were higher at the 30 and 90 periods 
when compared to the 07-day time-point and at 30 days 
compared to the 15-day time-point (p < 0.05). RANKL 
levels were higher at 90 days when compared to 15 days 
(p < 0.05). HCAN implants did not present intragroup 
differences for OC and SOST (p > 0.05).

Considering the intragroup analyses for DA implants, 
higher levels of DKK1 were observed at 90 days-period 
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when compared to 07 and to 15 days time-point 
(p < 0.05). DA implants also showed higher levels of OPG 
at 90 and 120 days compared to 15 days (p < 0.05). Higher 
levels of FGF-1 were observed at 30- and 90-day time 

points compared to 120-day periods (p < 0.05). Higher 
levels of SOST and PLGF were observed at 30 days’ 
time-period compared to the 07 and 120 days-period 
(p < 0.05). DA implants had higher levels of BMP-9 at 30 
days-period compared to 07 days (p < 0.05). The levels of 
EGF were higher at 30 and 90 days when compared to 
120 days-period (p < 0.05). It also showed elevated lev-
els of FGF-1 and RANKL at 30, 90, and 120 days com-
pared to the 07-day time-point (p < 0.05). The levels of 
RANKL were also higher at 30- and 120-day time-points 
compared to the 15-day (p < 0.05). DA implants did not 
present intragroup differences for TNF-α, OC, OPN, and 
VEGF (p > 0.05).

Table 1  Data concerning by sex, age, and implant distribution
Age (Years) (mean – SD) 43,94 (9.07)
Gender (Female) (%) 53,13
Ethnicity (White) (%) 65,63
Cigarretes/day (mean – SD) 16,03 (5.49)
Smoker time (years) (mean – SD) 11 (4.06)
Implants distribution in Maxila (n) 34
Implants distribution in Mandibula (n) 30
Gender and race parameters were evaluated using Fisher’s exact test (α = 0.05). 
The other parameters were evaluated by Student’s t-test for 2 different samples 
(α = 0.05). There were no differences between groups in any parameter

Fig. 2  Flowchart of the study showing the patients enrolled in the pre-study phase and the selection of individuals for the study phase
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Discussion
Modifications of macro geometry and nano topography 
of implants, such as healing chambers and nano-activated 
changes, have been suggested as an approach to enhance 
peri-implant repair, to accelerate osseointegration, lead-
ing to higher bone-implant contact and implant stability, 
suggesting the possibility of faster prosthetic loading. In 
the face of that, this could be an interesting approach for 
patients with compromised bone quality and repair, such 
as smokers. Within the author’s knowledge, there is no 
clinical study evaluating peri-implant bone healing and 
stability using an implant with a modified macro design 
and activated nano surface under smoking conditions. 
The present study showed higher levels of bone and 
angiogenic factors and higher implant stability at early 
bone healing phases using geometric modifications.

In this trial, resonance frequency analysis demonstrated 
intergroup difference at 60  day period, with higher lev-
els of ISQ for HCAN implants; it can be suggested that 
the implant modifications on the macro geometry and 
nano topography could enable earlier implant stability 
in the presence of a factor such as smoking that leads to 
impaired bone repair. A recent trial comparing implant 
stability in smokers and nonsmokers showed a decrease 
in secondary stability with smoking habit, with a differ-
ence of 3.61 points in the mean variation of implant sta-
bility for smokers and nonsmokers [44]. In line, another 
study comparing implant stability between nonsmok-
ers and heavy smokers demonstrated that bone healing 
around dental implants was decreased due to a reduced 
healing speed, indicating that the time to apply implant 
loading in heavy smokers is important [45]. In our study, 
although the ISQ differed between groups only at 60 day 

period, the levels of implant stability in both groups were 
stable until 120 days, suggesting that the modifications 
on the macro geometry and nano topography could have 
helped contribute to increased bone healing, prevent-
ing ISQ levels decrease throughout the time and that 
the implant loading could be applied safely for HCAN 
group. Dual acid-etched implants have shown a higher 
success rate in lower-quality bone, reducing healing time 
and allowing earlier implant loading and rehabilitation 
[46]. Another study showed a higher success rate for dual 
acid-etched implants than machined implants in poor-
quality bone (12% difference) [47]. Although these stud-
ies did not compare the success rate of dual acid-etched 
implants between smoker and nonsmoker patients, it is 
known that smoking condition affects bone density [12, 
48] and bone quality [49], and these results could be 
extrapolated to a clinical situation where smoking is pres-
ent. These findings could help explain why ISQ levels dif-
fered only at the 60-day time point.

Important bone-related factors such as DKK1 and 
OPG had elevated levels in the presence of macro and 
nano topographical modifications 30 days after implant 
installation. In contrast, DKK1 levels were higher in DA 
implants at 90 days. DKK1 is well-known for suppressing 
osteoblast differentiation and facilitating osteoclastogen-
esis [50]. However, DKK1 is also related to correct skel-
etal development and homeostasis [51–53]. Conversely, 
OPG inhibits the differentiation and function of osteo-
clasts [54], modulating bone maturation and resorption 
[55]. On the other hand, there is no difference between 
the groups regarding RANKL levels, but lower levels of 
TNF-α were found in HCAN implants at 07 days. Inter-
estingly, a previous study of our research group showed 

Fig. 3  Graphic illustrating means and standard deviations of Implant stability quotient at baseline, 30, 60, 90, and 120 days. Different letters indicate 
statistical significance. The uppercase letter compares the difference between groups (within the same time; Wilcoxon Test; p < 0.05); Lowercase letters 
compare longitudinal data within the same group; Friedman test; p < 0.05). Red letters refer to the HCAN group, while blue letters refer to the DA group
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higher levels of mRNA of RANKL/OPG in the bone tis-
sue around implants inserted in rats submitted to ciga-
rette smoking inhalation than in non-smoking animals 
[56]. An in vitro study showed that nano-scale changes 
enhanced pre-osteoblast differentiation, which showed 
significantly higher levels of OC and OPG expression 
[39]. However, the present study did not observe inter-
group differences in OC levels. Even though it is known 
some pathways through smoking negatively affect some 
bone factors, such as the RANKL/OPG system [57], no 
data is available about the modulation of DKK1 by ciga-
rette smoking. As regards TNF-α levels in smokers, it was 
verified higher levels in the gingival crevicular fluid when 
compared to nonsmokers [58], and it could be attributed 
to the potent inhibitors contained in the smoke of both 

gene expression and protein production for this marker 
[59].

In line, the concentration of OPN and EGF was higher 
at 90-day periods in the presence of macro and microge-
ometry modifications. OPN is related to binding basic 
elements to the extracellular bone matrix and bone min-
eralization [60] and regulates angiogenesis as a response 
to cell stress, cell adhesion, chemotaxis, and cell motility 
[61]. Interestingly, osteoblasts seeded onto HA-treated 
surfaces had higher expression of OPN when compared 
with the double acid-etched surface [62]. Convergently, 
EGF acts in differentiation and mineralization of osteo-
blast differentiation, DNA synthesis, growth and prolif-
eration of mesenchymal cells, angiogenesis, stimulation 
of vascular permeability, tissue proliferation, and faster 
tissue regeneration during the initial peri-implant bone 

Fig. 4  Levels (means and standard deviations) of bone and angiogenic factors in the peri-implant fluid in the HCAN and DA groups. A- Dickkopf-1 (DKK1); 
B- Osteoprotegrin (OPG); C- Osteopontin (OPN); D- Vascular endothelial growth factor (VEGF); E- Epidermal growth factor (EGF); F- fibroblast growth fac-
tor (FGF); G- Placental growth factor (PlGF); H- Osteocalcin (OC); I- Bone morphogenetic protein-9 (BMP-9); J- Tumor necrosis factor (TNF) alpha; L- Recep-
tor activator of nuclear factor-κB ligand (RANKL). Different letters indicate statistical significance. The uppercase letter compares the difference between 
groups (within the same time; Wilcoxon Test; p < 0.05); Lowercase letters compare longitudinal data within the same group; Friedman test; p < 0.05). Red 
letters refer to the HCAN group, while blue letters refer to the DA group
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regeneration phases [63–65]. This marker was also 
elevated for HCAN implants at 15 and 120 days after 
implant placement. These results are important findings 
of this trial once bone density in the presence of smoking 
is reduced [49], and this may favor both bone quality and 
anticipated implant loading time.

BMP-9 and FGF-1 presented higher concentrations 
using macro and nano topographical modification at a 
90-day time-point. BMP-9 has the highest osteogenic 
activity among bone morphogenetic proteins, which dif-
ferentiate mesenchymal cells into osteoblasts [66, 67]. 
The higher levels of the marker FGF-1 probably contrib-
uted to faster bone healing around HCAN implants since 
its function includes fibroblasts, endothelial cells, and 
osteoblasts proliferation [68, 69], induction of angiogen-
esis, and the expression of proteases, growth factors, and 
integrins involved in angiogenesis [70]. The elevated con-
centration of both markers at early phases of healing may 
accelerate bone healing due to their action on regenera-
tion, chemical attraction, proliferation, and cell differen-
tiation into osteoblasts [71].

Interestingly, the levels of VEGF and PLGF were ele-
vated in the presence of implant design modifications 
at 90 90-day periods. Both are angiogenic factors linked 
to osteoclasts, osteoblasts, and chondroblasts differen-
tiation [72], and proliferation, migration, and survival of 
endothelial cells [73]. These results indicate pronounced 
angiogenic activity with modifications of the macro and 
micro geometry of implants. However, this result did not 
favor the healing process around the implants, once ISQ 
levels did not differ between groups at this point.

In line, the results concerning bone and angiogenic 
markers show, in a general way, higher concentration of 
most of the studied markers at 30- and 90-day periods, 
which can help to explain the results regarding ISQ level 
(higher values for HCAN implants at 60 days). In this 
study, bone and angiogenic markers were not measured 
at the 60-day time point, and maybe if the measurement 
had been done, a higher concentration of the markers 
could also have been observed at this point. Another 
interesting point to be highlighted is the reduction in 
most of the markers studied from 90- to 120 days, which 
could be associated with implant loading at the 90-day 
time point. In line, Prati et al. [74] evaluated the pattern 
of bone markers released during peri-implant bone repair 
of immediately loaded and unloaded implants, observing 
earlier peaks of TGF, OPG, OPN, and parathyroid hor-
mone in loaded implants.

The benefits of implant design with modified macro 
geometry have been reported in some investigations [28, 
75]. Recently, a preclinical trial demonstrated histological 
and clinical evidence supporting the safety and efficacy of 
an implant design with modified macro geometry capable 
of obtaining promising primary and secondary stability 

in alveoli after immediate extraction, without the use of 
bone grafts [75]. Studies were also carried out to point 
out the interference of the use of chemical agents on the 
implant surface and showed promising results concern-
ing the macro geometry of the implants, regardless of the 
surface treatment given to the implants [28]. Recent ani-
mal studies have proven the effectiveness of a modified 
macro geometry after a short initial repair period using a 
counter-torque method [28].

It has been shown the positive effect of nano topog-
raphy in cell activity due to the interactions among cell, 
matrix, and substrate associated with cell signaling hap-
pen at the nanometer stage [76], which results in the 
regulation of cell migration, proliferation, adhesion, 
spreading, and differentiation and both gene and protein 
expression [77, 78]. This results in a biological response 
to the material and accelerated healing and osseointegra-
tion [79, 80].

The results of this trial are important to elucidate the 
molecular mechanisms in early phases of bone heal-
ing around implants with macro geometry and nonto-
pographical modifications, showing the possibility of a 
faster healing process and implant loading and allowing 
a faster rehabilitation process in smokers patients. How-
ever, further studies are necessary to verify the behavior 
of tissues after implant loading in terms of clinical behav-
ior, verifying clinical parameters, the release of inflam-
matory markers through immuno-enzymatic assays, and 
bacterial colonization throughout the time. Additionally, 
diversifying assessment methodologies could provide 
a more comprehensive understanding of bone repair 
processes.

Taken together, the results of the present study showed 
that macro design modification and nonactivated sur-
face could enhance bone repair during the early phases 
of osseointegration, contributing to lower bone resorp-
tion due to the positive modulation of bone and angio-
genic factors resulting in higher production of these 
markers during early peri-implant and higher implant 
stability in early phases of repair in the presence of the 
adverse effects of cigarette smoking. Thus, in conclusion, 
the implant macro geometry modification associated 
with nonactivated surface positively modulated bone 
and angiogenic factors, resulting in higher production of 
these markers during early peri-implant bone healing and 
positively affecting implant stabilization in smokers.
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