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Abstract: To evaluate the implant and prosthetic of two implants with different surfaces and neck
design. Enrolled patients received bone level, 12◦ conical connection implants (Nobel Parallel, Nobel
Biocare; NOBEL group) with anodized surface (TiUnite) and roughness of 1.35 µm, or transmucosal
implant system (Prama, Sweden and Martina; PRAMA group) with convergent collar, ZIrTi surface,
and roughness 1.4–1.7 µm. Both implants were made of pure grade IV titanium, with similar diameter
and length, chosen according to the dentistry department availability and patient’s request. After
early prosthesis delivery, patients were filled for at least one year. Outcome measures were: implant
and prosthetic survival and success rates, physiological marginal bone remodeling, periodontal
parameters and pink esthetic score (PES). Results: Fifteen patients were allocated and treated in each
group. At the one-year follow-up, three patients dropped out, one in the NOBEL group and two in
the PRAMA group. During the entire time of investigation, all implants survived and the prostheses
were successful. No statistically significant differences were found in term of marginal bone loss,
periodontal parameters, and aesthetics (p > 0.05). Conclusion: With the limitations of the present study,
both implant systems showed successful clinical results. Finally, many other clinical and surgical
variables may influenced marginal bone levels, implant survival, and periodontal parameters. More
homogenous clinical trials with larger samples are needed to confirm these preliminary conclusions.

Keywords: dental implants; implant surfaces; oxidized; transmucosal; bone level

1. Introduction

As the request for immediate loading of dental implants has increased, companies are
developing new dental implant surfaces with the purpose of shortening the time needed
for osseointegration, while maintaining a high success rate. The concept of osseointegration
was recently reassessed in view of the foreign body reaction theory. Following the latest
research, osseointegration is a dynamic process between the implant surface and the
healing capacity of the host [1]. Implant placement may activate a pattern of immune
response named, type 2 inflammation, characterized by high levels of immunoglobulin E
and eosinophils, and regulated by certain immune mediators [2]. Furthermore, regulatory
adjustment of the immune system (or immunomodulation) strategies of macrophages in
osseointegration is greater than expected [3,4]. Despite the high survival rates of titanium
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dental implants [5], it is necessary to further improve the implant-host relationship to
maintain the foreign body equilibrium. The new goal for long-term successful implant
therapy is to maintain unaltered the osseointegration process, in the form of unchanged
peri-implant bone remodeling. In fact, the bone remodeling process plays a major role in
evaluating implant success [6].

To achieve cell adhesion and speed up the osseointegration period, dental implant sur-
faces changed from smooth to rough. Several techniques that act to improve the roughness
of the implant surface have been utilized, including but not limited to blasting, blasting
plus acid-etching, and anodization [7]. Further, anodization may fast osseointegration
because it incorporates calcium and phosphate ions on the implant surface [8,9].

Marginal tissues may respond to early or late loading with a significant crestal bone
loss of about 1 to 2 mm in the first year, and then 0.2 mm yearly, respectively. Most of them
depend on surgical, implant-related, and prosthetic factors [10]. This value was considered
as clinically “normal” for the external hexagon implant-abutment interfaces, and it was
also considered a measure of successful long-term implant treatment as conceived by Al-
brektsson and colleagues in 1986 observing the original Brånemark implants [11]. Later, the
introduction of the conical internal connection of different degrees, in an attempt to over-
come the drawbacks of original external-hexagon (EH) implants, showed excellent clinical
results. This new interface design with built-in platform-switching, was demonstrate to
reduce crystal bone loss [12,13]. Nevertheless, in view of the novel implant designs and
more performant surfaces, the standard value should present a lower amounts of bone loss,
both at the biological width establishment, and during function [14–17]. Recently, prelimi-
nary evaluation of a novel concept of connection between implant and abutment, featuring
a vertical design, and named tissue development preparation technique, combined with
screw-retained anchorage, have been proposed [18]. Despite its tissue-level design, with
the implant-abutment interface placed coronally to the bone crest, the main differences
compared to existing tissue-level implants are the convergent profile of the transgingival
neck, inspired to the BOPT preparation, and the lack of a predetermined finishing line.

The aim of the present study was to compare marginal bone loss and survival rate
by radiographic analysis and clinical parameters, around internal connection implants or
intramucosal implant systems. The null hypothesis was that there were no differences in
clinical and radiographic outcomes between the groups. The null hypothesis was tested
against the hypothesis of difference. The present paper was written according to the
STROBE guidelines.

2. Materials and Methods

This research was designed as a nonrandomized controlled trial, aimed to evaluate
clinical and radiological data of partially edentulous patients, aged 18 years or older, able
to sign an informed consent, in needed of at least one single implant-supported restoration
to be placed in a healed site was asked to participate in this study. Principles stated in the
Declaration of Helsinki of 2013 were respected. The present publication was approved by
the ethics committee of Aldent University in Tirana (Protocol n◦1/2021). All subjects had
been informed about the protocol and signed informed consent. Enrolled patients, whose
medical and sensitive data were anonymized, were treated at the Department of Dentistry
“Fra G.B. Orsenigo” Ospedale San Pietro F.B.F., University of Rome “Tor Vergata”, Rome,
Italy, from March 2018 to May 2019. Surgical and prosthetic procedures were performed by
the same clinician (FMC). Preoperative cone beam computer tomography (CBCT) scan was
obtained for all the potentially eligible patients to quantify bone volumes at the planned
implant sites. Patients having sufficient bone volumes to receive a standard diameter
implant, of 10 mm of length were considered eligible for the study. Postextractive sites
must have been healing for at least three months before being treated. A complete list of
exclusion criteria is reported in the Table 1.
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Table 1. Exclusion criteria.

General contraindications to implant surgery (e.g., uncontrolled diabetes)
Patients irradiated in the head and neck area

Immunosuppresed or immunocompromised patients
Patients treated or under treatment with intravenous amino-biphosphonates

Patients with untreated periodontitis
Immediate, postextractive implants

Patients with poor oral hygiene and motivation
Pregnancy or nursing

Substance abuser, psychiatric problems or unrealistic expectations
Patients unable to be followed-up

Patients with infection in the area intended for implant placement

Surgical and prosthetic procedures: One to two weeks prior to implant surgery, all
the included patients underwent a professional oral hygiene therapy. Amoxicillin, or
Clyndamicin in patients allergic to penicillin, were administered one hour before the
surgical procedure. Immediately before implant placement, the patients rinsed with 0.2%
chlorhexidine mouthwash for sixty seconds. After that, patients received local anesthesia
(Articaine with adrenaline 1:100,000). Implant site was exposed with a crestal incision and
a full-thickness flap elevation, than it was prepared according to the bone density and the
manufacturer’s instructions. Patients were allocated to different groups using methods that
are not random. Bone level, conical connection implants (Nobel Parallel, Nobel Biocare,
Kloten, Swiss; NOBEL group) of 10 mm length and 4.3 mm diameter, or intramucosal
implants of 10 mm length and 4.25 mm diameter (Prama, Sweden and Martina, Due Carrare
(PD), Italy; PRAMA group) were placed according to dentistry department availability and
patient’s request. Main implants characteristics are reported in Table 2. The bone quality
was assessed by the surgeon during drilling and subjectively reported as hard, medium
and soft.

Table 2. Main implant characteristics.

NOBEL Biocare Parallel PRAMA

Pure grade IV titanium Pure grade IV titanium
TiUnite anodized surface Pure ZIrTi Surface

12◦ of conical connection Transmucosal with a convergent part of 2 mm and
a cylindrical part of 0.8 mm, without sharp edges

Roughness 1.35 µm Roughness 1.4–1.7 µm

All the implants were placed according to a one-stage protocol. In all the cases, healing
abutments were immediately used (Figure 1).



Materials 2022, 15, 511 4 of 11
Materials 2021, 14, x FOR PEER REVIEW 4 of 12 
 

 

  

(a) (b) 

Figure 1. Radiographs of the implants with the screw healing at the time of insertion (a) Nobel 
Parallel; (b) Prama Sweden & Martina. Radiograph when the screw-retained restoration was de-
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a single line should be centered. 

Finally, the flap was closed with a resorbable 4.0 sutures around the healing abut-
ment, and a periapical radiograph was taken. A soft diet was recommended for two 
weeks. Ibuprofen 400 mg were prescribed to be taken two to three times a day after 
meals. However, patients were instructed not to take them in absence of pain. In case of 
allergy, or of stomach diseases, one gram of paracetamol was prescribed instead. A 0.2% 
chlorhexidine mouthwash was prescribed to be use for one minute twice a day for 14 
days. After 7 to 10 days, sutures were removed. 

Eight weeks after implant placement, a screw-retained restoration was delivered. 
We checked the occlusal surface and kept it in light contact with the antagonist element. 
Periapical radiograph and clinical photos were taken (Figure 2). 

  

(a) (b) 

Figure 2. Radiographs when the screw-retained restoration was delivered (a) Nobel Parallel; (b) 
Prama Sweden & Martina. 

Professional hygiene maintenance was delivered every six months after initial 
loading. Radiographs were taken yearly. Dental occlusion was evaluated at each fol-
low-up visit (Figures 3 and 4). 

Figure 1. Radiographs of the implants with the screw healing at the time of insertion (a) Nobel Parallel;
(b) Prama Sweden & Martina. Radiograph when the screw-retained restoration was delivered. Figures
should be placed in the main text near to the first time they are cited. A caption on a single line
should be centered.

Finally, the flap was closed with a resorbable 4.0 sutures around the healing abutment,
and a periapical radiograph was taken. A soft diet was recommended for two weeks.
Ibuprofen 400 mg were prescribed to be taken two to three times a day after meals. However,
patients were instructed not to take them in absence of pain. In case of allergy, or of
stomach diseases, one gram of paracetamol was prescribed instead. A 0.2% chlorhexidine
mouthwash was prescribed to be use for one minute twice a day for 14 days. After 7 to
10 days, sutures were removed.

Eight weeks after implant placement, a screw-retained restoration was delivered.
We checked the occlusal surface and kept it in light contact with the antagonist element.
Periapical radiograph and clinical photos were taken (Figure 2).
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Figure 2. Radiographs when the screw-retained restoration was delivered (a) Nobel Parallel;
(b) Prama Sweden & Martina.

Professional hygiene maintenance was delivered every six months after initial loading.
Radiographs were taken yearly. Dental occlusion was evaluated at each follow-up visit
(Figures 3 and 4).
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Figure 4. Photos when the screw restoration was delivered. (a) Nobel Parallel; (b) Prama Sweden
& Martina.

Patient allocation and statistical analysis: during the study period, two implant sys-
tems were available at the Department of Dentistry, “Fra G.B. Orsenigo” Ospedale San
Pietro F.B.F., University of Rome “Tor Vergata”. Participants chose which group they
wanted to be in. The researcher explained that both implants have similar characteristics.
In case of no preference, participants were assigned to the groups by the researcher in a
random draw, until there were two equal groups of 15 patients each.

Data were analyzed and compared with a pre-established analysis plan by a statistician
with competence in dentistry. Comparisons between each time points were made by
unpaired t-tests, to detect any changes in continuous outcomes. Dichotomous outcomes
were compared using the Fisher exact test. All statistical comparisons were conducted at
the 0.05 level of significance.

Primary outcome measures were the success rates implants and prostheses, and any
biological and technical complications experienced during the entire follow-up period.
Secondary outcomes measure were marginal bone loss, pink esthetic score (PES), and the
periodontal parameters (bleeding index [BI] and plaque index [PI]). A brief explanation of
all the outcome measures are reported in Table 3.

Implant and prosthetic failures, as well as, complications were assessed by the same
clinical that performed all the procedures. Marginal bone levels and PES were evaluated,
respectively by an independent radiologist and clinician, not previously involved in the
study. Periodontal parameters were evaluated by an independent dental hygienist, at the
hygiene maintenance visits.
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Table 3. Outcome measurements.

Primary Outcome

Implant failure

An implant was considered a failure if it presented any mobility, tested
by tapping or rocking the implant head with a hand instrument and/

or any signs of radiolucency and/or fracture on an intraoral
radiograph taken with a paralleling technique strictly perpendicular to

the implant bone interface. The implant stability were assessed at
initial loading and yearly without the prostheses removed.

Prosthetic failure A prosthesis is considered a failure if it needs to be replaced by an
alternative prosthesis.

Complication
Any biological (pain, swelling, suppuration, etc.) and/or mechanical

complication (fracture of the framework and/or the veneering material,
screw loosening, etc.) was considered.

Secondary Outcome

Marginal bone loss (MBL)

Marginal bone level changes were assessed using intraoral digital
periapical radiographs at implant placement (baseline), and at after one

year on function. Intraoral radiographs were taken with the parallel
technique with customized holder. All the radiographs were evaluated
under routine conditions. The software has been calibrated for every

single image using the known distance of the implant diameter or
length. The distance from the reference point at the implant neck to the

first bone to implant contact were taken as the horizontal marginal
bone level at both mesial and distal aspects. The average radiographic
values of mesial and distal measurements were taken for each implant.

Variation of the marginal bone levels at different time was taken as
marginal bone loss.

BI and PI

Soft tissue parameters (BI and PI) around the implant/abutment
interfaces were assessed yearly using a plastic periodontal probe

(Plast-o-Probe, Dentsply Maillefer, Ballaigues, Switzerland). The BI
were evaluated at four sites around each implant (mesial, distal, buccal
and lingual) according to the Mombelli Index. The bleeding elicited 20

s after the careful insertion of a periodontal probe 1 mm into the
mucosal sulcus, parallel to where the abutment wall will be assessed

(0 = no bleeding; 1 = spot bleeding, 2 = linear bleeding, and
3 = spontaneous bleeding). The PI, defined as the presence of plaque

(yes/no) on the abutment/restoration complex, was measured by
running the periodontal probe parallel to the abutment surfaces, and

scored at one site for implant. An independent blinded dental
hygienist performed all periodontal measurements.

PES

The aesthetic evaluation was performed according to the pink esthetic
score (PES) on the vestibular and occlusal pictures taken including at
least one adjacent tooth per side. The values will be assessed annually

after definitive loading. Seven variabilities (mesial papilla, distal
papilla, soft tissue level, soft tissue contour, alveolar process deficiency,

soft tissue color and texture) were assessed at 0 to 2 score (0 being
poorest and 2 being the best) by a blind outcome assessor.

3. Results

Thirty-three patients were screened for eligibility, but three patients refused to partici-
pate in the study. Thirty patients were finally enrolled and consecutively treated. According
to the study design, two equally sized groups with 15 patients each, were obtained. How-
ever, one patient in the NOBEL group and two patients in the PRAMA group dropped-out
after implants placement. Both patients refused to attend the planned visits due to the
pandemic. A flow chart of the treated patient is reported in the Figure 5, and baseline
characteristics of the treated patients are reported in the Table 4.
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Table 4. Baseline characteristics between groups.

NOBEL Parallel PRAMA p Value

Mean age (SD) 49.4(10.6) 47.5(13.4) 0.6759
Sex (Male/Female) 6/9 8/7 0.7152

Smokers 2 1 1.0
Drop-Out 1 2 1.0

Maxilla/Mandible 9/6 7/9 0.4795
Molar implants 9 7 0.4795

Premolar implants 5 7 0.7160
Anterior implants 1 1 1.0

At the annual examination, all the implant-supported restorations were stable, without
any complications. The implant and prosthetic survival and success rates were 100% for
both groups.

At implant placement the mean marginal bone level was 0.04 ± 0.06 mm (0.00 to
0.07 mm) for the NOBEL group and 0.01 ± 0.02 mm (0.00 to 0.02 mm) for the PRAMA group.
At the one-year follow-up examination, the mean marginal bone level was 0.99 ± 0.71 mm
(0.61 to 1.36 mm) for the NOBEL group and 0.65 ± 0.48 mm (0.40 to 0.91 mm) for the
PRAMA group. The mean marginal bone loss measured one year after loading was
0.99 ± 0.71 mm (0.61 to 1.36 mm) for the NOBEL group and 0.65 ± 0.48 mm (0.40 to
0.90 mm) for the PRAMA group. In both groups the differences between baseline was
statistically significant (p < 0.05). Nevertheless, the difference in mean marginal bone
loss between groups were not statistically significant (p = 0.192). Data are summarized in
Table 5.
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Table 5. Mean marginal bone levels between groups.

NOBEL Parallel PRAMA p Value

Implant placement 0.04 ± 0.06 (0.00 to 0.07);
n = 15

0.01 ± 0.02 (0.00 to 0.02);
n = 15 0.128

One-year follow-up 0.99 ± 0.71 (0.61 to 1.36);
n = 14

0.65 ± 0.48 (0.40 to 0.91);
n = 13 0.166

Difference 0.96 ± 0.72 (0.58 to 1.34) 0.65 ± 0.48 (0.40 to 0.90) 0.192

Pink esthetic score (PES), and the periodontal parameters (bleeding index [BI] and
plaque index [PI]) were recorded in both groups at the one-year follow-up. No statistically
significant differences were experience between groups in any of the measured outcomes.
Data are reported in Table 6.

Table 6. Comparison of BI, PI and PES between groups.

NOBEL Parallel (n = 14) PRAMA (n = 13) p Value

BI 3 3 1.0
PI 4 3 1.0

PES 9.79 ± 2.61 (8.42 to 11.15) 10.46 ± 2.30 (9.26 to 11.66) 0.481
p Value 0.000 0.000

4. Discussion

The present prospective case series study was aimed to compare the clinical and
radiographic data of conical connection implants featured with oxidized surface and
conical connection, and intramucosal implant system with ZirTi surface, sand-blasted with
zirconium oxide and etched with mineral acids, inserted in partially edentulous patients.
One year after definitive prosthesis delivery, no statistically significant difference was
experience between groups, in each of the tested outcomes. The null hypothesis that there
are no differences between groups can be accepted.

The main limitation of the present study is inherent in the study design, namely, that
two different implant systems were compared. Nevertheless, the authors were willing to
compare implant systems available at the Department of Dentistry “Fra G.B. Orsenigo-
Ospedale San Pietro F.B.F.”, University of Rome “Tor Vergata”. Other limitations are the
small sample size and the short follow-up. This can be solved by continuing to enroll and
follow the patients. The last limitation is that the data on vertical alveolar mucosal height
have not been collected.

Despite these limitations, the results of the present research failed to find that one
implant system was better than the other, meaning that correct treatment plan and accurate
execution of all the surgical and prosthetic treatments are more important in the survival
and success of the implant-supported rehabilitations. However, it should be considered
that successful clinical and radiological results are found in both implant systems, and
these results are in line with other reports presenting such data on these specific types of
implant surfaces and interfaces [18].

The implant surface area can be modified by proper procedures, either by addition
or subtraction [19]. The tested implants include the following characteristics. PRAMA
implants are featured by ZirTi surface, sand-blasted with zirconium oxide and then etched
with mineral acids. Through this treatment, the mean roughness of the implant surface is of
about 1.4–1.7 µm. Furthermore, a recent histological study in humans showed an excellent
mineralization directly onto the ZirTi surface, at 8 weeks, also in the woven bone [20].
On the other hands, the TiUnite surface (NOBEL group) presents a mean roughness of
1.35 µm [21]. This surface is obtained through a spark anodization in an electrolytic solution
of phosphoric acid. The final result is a high crystallinity and phosphorus content (11% P)
in its oxide layer, organized in a duplex oxide structure. The first layer is an inner barrier
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without pores, while the second layer is an outer porous layer with diameters and depths
ranging between ≤4 microns and ≤10 microns [22,23].

Moderately rough implant surfaces are considered ideal to achieve osseointegration,
due to a surface morphology that aims for high osteoconductivity and fast anchorage to the
collagen matrix. Increase in dental implant surface roughness promotes the migration and
retention of osteogenic cells, from the human body to the implant surface [24,25]. Inoue and
co-workers have already showed that a surface roughness of 0.5 µm allows for fibroblast
adhesion, while a greater roughness ranging from 0.5 to 1.5 µm, is necessary for osteoblast
adhesion [26].

In the present study, two implant systems with different implant surface treatments
were tested. Both sand-blasted and acid etched surfaces [27] as well as anodization sur-
face [28] presented long term results, with at least 10 years of follow-up. History of
periodontitis, combined with not fully adhering to the supportive periodontal therapy
are the most important factor to influence the long-term results with sand-blasted and
acid-etched implants [27]. Furthermore, anodized surface demonstrated successful results
in case of immediate function [5,28–30].

In the present study, the tested implants also present different neck designs. The
PRAMA implant has a convergent part characterized by a hyperbolic portion with a height
of 2.00 mm and a cylindrical part of 0.80 mm, with no sharp edges [31]. Both portions
featured microthreading, named an ultrathin threaded microsurface (UTM). The absence
of sharp edges may allow the collagen fibers of the soft tissues to adhere to the titanium,
preventing the accumulation of plaque around the junction with the abutment. Moreover, it
facilitate the positioning of the prosthetic crown in any part of the transgingival section [32].
Controversially, NOBEL Biocare implants presents a 12-degree internal conical connection
designed to accommodate a smaller diameter connection size, according to the palter
switching concept [13,33]. NOBEL Biocare implants with internal conical connection are
featured with in-build platform switching, and can be used with both cemented- and
screw-retained implant-supported solutions. On the other hand, the transmucosal implant
system can be used for both cemented or screw-retained single crowns with no restrictions
in anterior sectors, while in posterior areas it is mandatory to close the prosthesis on the
neck of the implant.

Several systematic reviews confirmed that two-piece bone level implants may suf-
fer from microbiological colonization and inflammation at the implant–abutment inter-
face [34,35]. Nevertheless, the results of the present study are in agreement with the
conclusion of a recent systematic review by the Department of Stomatology of the Univer-
sity of Valenciano, which found no evidence of difference in marginal bone loss between
transmucosal and bone-level dental implants [36]. Further studies are needed to evaluate
the performance of the intramucosal implant system (PRAMA implant) compared with the
conventional tissue-level design.

In the present study, although no differences were found in any of the tested outcomes,
a mall trend of less marginal bone loss were found for the transmucosal implants. This
results are in agreement with a retrospective study by Canullo and coauthors, where
transmucosal implants demonstrated a suitable alternative to bone-level implants in the
anterior area, up to 5 years after loading [37]. According to the aforementioned results, it is
the authors’ opinion that, even if both implant systems presented successful clinical results,
transmucosal implants may be suggested in the anterior area or in case of periodontally
compromised patients, while bone level implants may be suggested in the middle, posterior
area of healed patients, particularly in case of immediate loading. Accordingly, ten-year
prospective and retrospective studies supported the use of bone level implants with TiUnite
surface in well maintained patients [5,30].
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5. Conclusions

With the limitations of the present study, the authors concluded that both implant
systems showed successful clinical results. Finally, many other clinical and surgical vari-
ables may influenced marginal bone levels, implant survival, and periodontal parame-
ters. More homogenous clinical trials with larger samples are needed to confirm these
preliminary conclusions.

Author Contributions: F.M.C. had contributions to the conception and design of the work; the
acquisition analysis. M.T. gave the interpretation of the data, I.I. drafted the work and final approval
of the version to be published. S.M.M., A.I.L., A.M., A.Z. and M.G. had substantial contributions to
the acquisition of the data and final approval of the version to be published. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The present publication was approved by the ethics commit-
tee of Aldent University in Tirana (Protocol n◦1/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data are available upon request of the author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wennerberg, A.; Albrektsson, T. Current challenges in successful rehabilitation with oral implants. J. Oral Rehabil. 2011, 38,

286–294. [CrossRef] [PubMed]
2. Dunican, E.M.; Fahy, J.V. The role of Type 2 inflammation in the pathogenesis of asthma exacerbations. Ann. Am. Thorac. 2015, 12

(Suppl. 2), S144–S149.
3. Klopfleisch, R. Macrophage reaction against biomaterials in the mouse model—Phenotypes, functions and markers. Acta Biomater.

2019, 43, 3–13. [CrossRef]
4. Trindade, R.; Albrektsson, T.; Tengvall, P.; Wennerberg, A. Foreign body reaction to biomaterials: On mechanisms for buildup

and breakdown of osseointegration. Clin. Implant Dent. Relat. Res. 2016, 18, 192–203. [CrossRef] [PubMed]
5. Tallarico, M.; Meloni, S.M. Retrospective analysis on survival rate, template-related complications, and prevalence of peri-

implantitis of 694 anodized implants placed using computer-guided surgery: Results between 1 and 10 years of follow-up. Int. J.
Oral Maxillofa. Implant. 2017, 32, 1162–1171. [CrossRef] [PubMed]

6. Papaspyridakos, P.; Chen, C.J.; Singh, M.; Weber, H.P.; Gallucci, G.O. Success criteria in implant dentistry: A systematic review. J.
Dent. Res. 2012, 91, 242–248. [CrossRef]

7. Le Guehennec, L.; Goyenvalle, E.; Lopez-Heredia, M.A.; Weiss, P.; Amouriq, Y.; Layrolle, P. Histomorphometric analysis of the
osseointegration of four different implant surfaces in the femoral epiphyses of rabbits. Clin. Oral Implant Res. 2008, 19, 1103–1110.
[CrossRef]

8. Le Guéhennec, L.; Soueidan, A.; Layrolle, P.; Amouriq, Y. Surface treatments of titanium dental implants for rapid osseointegration.
Dent. Mater. 2007, 23, 844–854. [CrossRef]

9. Schliephake, H.; Scharnweber, D.; Roesseler, S.; Dard, M.; Sewing, A.; Aref, A. Biomimetic calcium phosphate composite coating
of dental implants. Int. J. Oral Maxillofac. Implant. 2006, 21, 738–746.

10. Hermann, J.S.; Schoolfield, J.D.; Schenk, R.K.; Buser, D.; Cochran, D.L. Influence of the size of the microgap on crestal bone
changes around titanium implants. A histometric evaluation of unloaded non-submerged implants in the canine mandible. J.
Periodontol. 2001, 72, 1372–1383. [CrossRef]

11. Albrektsson, T.; Zarb, G.; Worthington, P.; Eriksson, A.R. The long-term efficacy of currently used dental implants: A review and
proposed criteria of success. Int. J. Oral Maxillofac. Implant. 1986, 1, 11–25.

12. Meloni, S.M.; Lumbau, A.; Baldoni, E.; Pisano, M.; Spano, G.; Massarelli, O.; Tallarico, M. Platform switching versus regular
platform single implants: 5-year post-loading results from a randomised controlled trial. Int. J. Oral Maxillofac. Implant. 2020, 13,
43–52.

13. Pozzi, A.; Tallarico, M.; Moy, P.K. Immediate loading with a novel implant featured by variable-threaded geometry, internal
conical connection and platform shifting: Three-year results from a prospective cohort study. Eur. J. Oral Implantol. 2015, 8, 51–63.
[PubMed]

14. Qian, J.; Wennerberg, A.; Albrektsson, T. Reasons for marginal bone loss around oral implants. Clin. Implant Dent. Relat. Res. 2012,
14, 792–807. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1365-2842.2010.02170.x
http://www.ncbi.nlm.nih.gov/pubmed/20969613
http://doi.org/10.1016/j.actbio.2016.07.003
http://doi.org/10.1111/cid.12274
http://www.ncbi.nlm.nih.gov/pubmed/25257971
http://doi.org/10.11607/jomi.5930
http://www.ncbi.nlm.nih.gov/pubmed/28906510
http://doi.org/10.1177/0022034511431252
http://doi.org/10.1111/j.1600-0501.2008.01547.x
http://doi.org/10.1016/j.dental.2006.06.025
http://doi.org/10.1902/jop.2001.72.10.1372
http://www.ncbi.nlm.nih.gov/pubmed/25738179
http://doi.org/10.1111/cid.12014
http://www.ncbi.nlm.nih.gov/pubmed/23198697


Materials 2022, 15, 511 11 of 11

15. Pozzi, A.; Agliardi, E.; Tallarico, M.; Barlattani, A. Clinical and radiological outcomes of two implants with different prosthetic
interfaces and neck configurations: Randomized, controlled, split-mouth clinical trial. Clin. Implant Dent. Relat. 2014, 16, 96–106.
[CrossRef] [PubMed]

16. Norton, M.R. Marginal bone levels at single tooth implants with a conical fixture design. The influence of surface macro- and
microstructure. Clin. Oral Implant. Res. 1998, 9, 91–99. [CrossRef]

17. Galindo-Moreno, P.; León-Cano, A.; Ortega-Oller, I.; Monje, A.; O’Valle, F.; Catena, A. Marginal bone loss as success criterion in
implant dentistry: Beyond 2 mm. Clin. Oral Implant. Res. 2015, 26, e28–e34. [CrossRef]

18. Ceruso, F.M.; Ieria, I.; Martelli, M.; Lumbau, A.I.; Xhanari, E.; Gargari, M. New generation of fixture–Abutment connection
combining soft tissue design and vertical screw-retained restoration: 1-Year clinical, aesthetics and radiographic preliminary
evaluation. Dent. J. 2021, 9, 35. [CrossRef]

19. Özcan, M.; Hämmerle, C. Titanium as a reconstruction and implant material in dentistry: Advantages and pitfalls. Materials 2012,
5, 1528–1545. [CrossRef]

20. Amari, Y.; Piattelli, A.; Alccayhuaman KA, A.; Mesa, N.F.; Ferri, M.; Iezzi, G.; Botticelli, D. Bone healing at non-submerged
implants installed with different insertion torques: A split-mouth histomorphometric randomized controlled trial. Int. J. Implant
Dent. 2019, 5, 39. [CrossRef]

21. Sul, Y.T.; Byon, E.; Wennerberg, A. Surface characteristics of electrochemically oxidized implants and acid-etched implants:
Surface chemistry, morphology, pore configurations, oxide thickness, crystal structure, and roughness. Int. J. Oral Maxillofac.
Implant. 2008, 23, 631–640.

22. Hall, J.; Lausmaa, J. Properties of a new porous oxide surface on titanium implants. J. Ossetointegr. 2000, 1, 5–8.
23. Schüpbach, P.; Glauser, R.; Rocci, A.; Martignoni, M.; Sennerby, L.; Lundgren, A.; Gottlow, J. The human bone-oxidized titanium

implant interface: A light microscopic, scanning electron microscopic, back-scatter scanning electron microscopic, and energy-
dispersive X-ray study of clinically retrieved dental implantsn. Clin. Implant Dent. Relat. Res. 2005, 7, S36–S43. [CrossRef]
[PubMed]

24. Esposito, M.; Coulthard, P.; Thomsen, P.; Worthington, H.V. The role of implant surface modifications, shape and material on
the success of osseointegrated dental implants. A Cochrane systematic review. Eur. J. Prosthodont. Restor. Dent. 2005, 13, 15–31.
[PubMed]

25. Davies, J.E. Mechanisms of endosseous integration. Int. J. Prosthodont. 1998, 11, 391–401.
26. Inoue, T.; Cox, J.E.; Pilliar, R.M.; Melcher, A.H. Effect of the surface geometry of smooth and porous-coated titanium alloy on the

orientation of fibroblasts in vitro. J. Biomed. Mater. Res. 1987, 21, 107–126. [CrossRef]
27. Roccuzzo, M.; Bonino, L.; Dalmasso, P.; Aglietta, M. Long-term results of a three arms prospective cohort study on implants in

periodontally compromised patients: 10-year data around sandblasted and acid-etched (SLA) surface. Clin. Oral Implant. Res.
2014, 25, 1105–1112. [CrossRef]

28. Malò, P.; Araújo Nobre, M.; Gonçalves, Y.; Lopes, A.; Ferro, A. Immediate function of anodically oxidized surface implants
(TiUnite™) for fixed prosthetic rehabilitation: Retrospective study with 10 years of follow-up. BioMed. Res. Int. 2016, 2061237.
[CrossRef] [PubMed]

29. Tallarico, M.; Ceruso, F.M.; Muzzi, L.; Meloni, S.M.; Kim, Y.J.; Gargari, M.; Martinolli, M. Effect of simultaneous immediate
implant placement and guided bone reconstruction with ultra-fine titanium mesh membranes on radiographic and clinical
parameters after 18 months of loading. Materials 2019, 12, 1710. [CrossRef]

30. French, D.; Larjava, H.; Tallarico, M. Retrospective study of 1087 anodized implants placed in private practice: Risk indicators
associated with implant failure and relationship between bone levels and soft tissue health. Implant Dent. 2018, 27, 177–187.
[CrossRef]

31. Ceruso, F.M.; Ottria, L.; Martelli, M.; Gargari, M.; Barlattani, A. Transgingival Implants with a convergent collar (Prama). Surgical
and screwed prosthetic approach. A case report. J. Biol. Regul. Homeost. Agents 2020, 34 (Suppl. 1), 71–77.

32. Canullo, L.; Tallarico, M.; Pradies, G.; Marinotti, F.; Loi, I.; Cocchetto, R. Soft and hard tissue response to an implant with a
convergent collar in the esthetic area: Preliminary report at 18 months. Int. J. Esthet. Dent. 2017, 12, 306–323.

33. Ceruso, F.M.; Barnaba, P.; Mazzoleni, S.; Ottria, L.; Gargari, M.; Zuccon, A.; Bruno, G.; Di Fiore, A. Implant-abutment connections
on single crowns: A systematic review. Oral Implantol. 2017, 10, 349–353. [CrossRef] [PubMed]

34. Tallarico, M.; Canullo, L.; Caneva, M.; Ozcan, M. Microbial colonization at the implant-abutment interface and its possible
influence on periimplantitis: A systematic review and meta-analysis. J. Prosthodont. Res. 2017, 61, 233–241. [CrossRef]

35. Tallarico, M.; Caneva, M.; Meloni, S.M.; Xhanari, E.; Covani, U.; Canullo, L. Definitive abutments placed at implant insertion
and never removed: Is it an effective approach? a systematic review and meta-analysis of randomized controlled trials. J. Oral
Maxillofac. Surg. 2018, 76, 316–324. [CrossRef] [PubMed]

36. Cosola, S.; Marconcini, S.; Boccuzzi, M.; Menchini Fabris, G.B.; Covani, U.; Peñarrocha-Diago, M.; Peñarrocha-Oltra, D. Radiologi-
cal outcomes of bone-level and tissue-level dental implants: Systematic review. Int. J. Environ. Res. Public Health 2020, 17, 6920.
[CrossRef] [PubMed]

37. Canullo, L.; Menini, M.; Bagnasco, F.; Di Tullio, N.; Pesce, P. Tissue-level versus bone-level single implants in the anterior area
rehabilitated with feather-edge crowns on conical implant abutments: An up to 5-year retrospective study. J. Prosthet. Dent. 2021,
in press. [CrossRef]

http://doi.org/10.1111/j.1708-8208.2012.00465.x
http://www.ncbi.nlm.nih.gov/pubmed/22672713
http://doi.org/10.1034/j.1600-0501.1998.090204.x
http://doi.org/10.1111/clr.12324
http://doi.org/10.3390/dj9040035
http://doi.org/10.3390/ma5091528
http://doi.org/10.1186/s40729-019-0194-2
http://doi.org/10.1111/j.1708-8208.2005.tb00073.x
http://www.ncbi.nlm.nih.gov/pubmed/16137086
http://www.ncbi.nlm.nih.gov/pubmed/15819145
http://doi.org/10.1002/jbm.820210114
http://doi.org/10.1111/clr.12227
http://doi.org/10.1155/2016/2061237
http://www.ncbi.nlm.nih.gov/pubmed/28119922
http://doi.org/10.3390/ma12101710
http://doi.org/10.1097/ID.0000000000000743
http://doi.org/10.11138/orl/2017.10.4.349
http://www.ncbi.nlm.nih.gov/pubmed/29682251
http://doi.org/10.1016/j.jpor.2017.03.001
http://doi.org/10.1016/j.joms.2017.08.025
http://www.ncbi.nlm.nih.gov/pubmed/28923270
http://doi.org/10.3390/ijerph17186920
http://www.ncbi.nlm.nih.gov/pubmed/32971869
http://doi.org/10.1016/j.prosdent.2021.01.031

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

