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Abstract: The present study was conducted to investigate whether a different implant neck design
could affect survival rate and peri-implant tissue health in a cohort of disease-free partially
edentulous patients in the molar—premolar region. The investigation was conducted on 122 dental
implants inserted in 97 patients divided into two groups: Group A (rough wide-neck implants) vs.
Group B (rough reduced-neck implants). All patients were monitored through clinical and
radiological checkups. Survival rate, probing depth, and marginal bone loss were assessed at 12-
and 24-month follow-ups. Patients assigned to Group A received 59 implants, while patients
assigned to Group B 63. Dental implants were placed by following a delayed loading protocol, and
cemented metal-ceramic crowns were delivered to the patients. The survival rates for both Group
A and B were acceptable and similar at the two-year follow-up (96.61% vs. 95.82%). Probing depth
and marginal bone loss tended to increase over time (follow-up: t1 = 12 vs. t2 = 24 months) in both
groups of patients. Probing depth (p = 0.015) and bone loss (p = 0.001) were significantly lower in
Group A (3.01 vs. 3.23 mm and .92 vs. 1.06 mm; Group A vs. Group B). Within the limitations of the
present study, patients with rough wide-neck implants showed less marginal bone loss and minor
probing depth, as compared to rough reduced-neck implants placed in the molar—premolar region.
These results might be further replicated through longer-term trials, as well as comparisons
between more collar configurations (e.g., straight vs. reduced vs. wide collars).

Keywords: dental implants; dental implant neck design; peri-implant bone loss; peri-implant
probing depth

1. Introduction

The scientific debate on dental implant macro-design is a well-known topic in the field of
implant dentistry. The ideal fixture design should bring together the most suitable and distinctive
characteristics for implant osseointegration, such as type of material (zirconium or titanium), body
shape (cylindrical or conical), neck geometry (straight, reduced, or wide), threads depth, width, and
pitch, as well as tapered or non-tapered apical portion, body length, and diameter. Although there is
no perfect implant design [1,2], nor a best surface treatment [3], scientific evidence has consistently
demonstrated that different dental implant macro-designs affect long-term implant success [4,5] and
also accelerate the healing process, to allow implant therapy in the population of patients who are
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more prone to failure [6,7]. Implant collar, being the portion of the implant that connects the fixture
with the oral cavity throughout a prosthetic device, is a very important feature related to the
peri-implant tissue’s health conditions.

Several studies about implant neck design and marginal bone loss can be found in the
literature, but the results are controversial. In vivo animal studies reported a greater crestal bone
height and thickness of surrounding implant tissue in dental implants with triangular neck designs
[8]; smaller crestal bone loss but similar peri-implant tissue thickness in narrow ring extra-shorts
implants [9]; and greater bone loss in dental implants with micro-rings on the neck, as compared to
open-thread implant collars [10]. Human model studies reported improved biomechanical behavior
for stress/strain distribution pattern in dental implants with divergent collar design [11]; no
additional bone loss in non-submerged dental implants with a short smooth collar compared to
similar but longer implant collar design [12].

Other clinical findings suggest that specific implant neck design might be suitable in anterior
areas, where bone loss, even if acceptable, can lead to adverse aesthetic results [13,14].

The purpose of the present study is to compare peri-implant hard- and soft-tissue health
conditions in partially edentulous patients who received the same dental implants but with two
different implant neck designs, at a two-year follow-up. In this study, the null hypothesis led to the
expectation of no differences in survival rate, probing depth, and marginal bone loss among patients
who received dental implants with wide or reduced collar morphology.

2. Materials and Methods

2.1. Patients

Study participants were selected from patients who attended the Dental Department of IRCCS
San Raffaele Hospital, Milan, Italy asking for partial fixed implant-prosthetic rehabilitation.
Recruitment occurred from February 2016 to November 2017, and the investigation was conducted
following all the ethical regulations related to the institution.

Patients had to meet the following inclusion criteria: (1) hopeless teeth to be extracted at least
four months prior to surgery in molar/premolar region; (2) no previous dental implants already in
place adjacent to surgical site; (3) natural antagonistic teeth (composite resin restorations allowed);
(4) absence of diabetes, periodontitis, bruxism, and smoking; (5) absence of chemotherapy or
radiation therapy of head and neck district, as well as anti-resorptive drug therapy (i.e.
bisphosphonates); and (6) neither mucosal lesions (lichen planus, epulis fissuratum) nor bone lesions
(i.e., simple bone cyst or odontomas). Eligible areas for surgery of edentulous maxilla or mandible
were selected to receive 1 to a maximum of 3 dental implants. Participants were verbally informed
about the purpose of the study but not assigned to a specific group, as they were randomly chosen
either to receive a wide-neck implant (Group A) or a reduced-neck implant (Group B).

Patients were assigned to conditions according to a computer-generated random list,
prescribing the use of the reduced vs. wide implant. Clinical measures (i.e.,, survival rate,
peri-implant probing depth, and mean marginal bone loss) were taken at 12 and 24 months. Thus,
the design amounted to a 2 (implant: wide vs. reduced) X 2 (time: 12 vs. 24 month follow-up) mixed
factorial design, following the Consolidated Standards of Reporting Trials (CONSORT) guidelines
available as supplementary material to this manuscript and on http://www.consort-statement.org/.

Written informed consent was signed before the start of the study; patients were allowed to
leave the research at any time, without any consequence.

Implant macrogeometry regarding the two different collar designs used in the present study is
shown in Figure 1 (CSR, Sweden & Martina, Due Carrare, Italy).
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Figure 1. Image shows the CSR full-treatment ZirTi conical dental implant collar with different
macro-design. (a) Rough wide neck compared with rough reduced neck; (b), wide-neck and
reduced-neck designs with double conical implant-abutment connection with internal hexagon for
prosthetic repositioning; and (c¢) wide-neck and reduced-neck designs with same contact length and
tapered angles at the interface.

2.2. Implant Surgery

The study was based on a single blind design, with patients being unaware of which type of
implant neck design (wide or reduced) was used for the therapy.

Local anesthesia was induced with local infiltration of lidocaine 20 mg/mL with 1:50.000
adrenaline (Ecocain, Molteni Dental, Firenze, Italy). A crestal horizontal incision was made, with
buccal relieving incisions in the medial and distal portions of the main incision. A full-thickness flap
was raised, and dental implants were placed in edentulous sites of 0.5 mm, subcrestally, with a
minimum insertion torque of 35 Ncm. Cover screw was positioned, and a periosteal incision was
performed in order to allow flap passivation in search for primary intention healing of the wound.
Vertical mattress suturing technique was used with a 4-0 coated braided absorbable suture (Vicryl,
ETHICON, Johnson & Johnson). Sterile dry gauze compression was performed on the wound to
control post-operative bleeding. Ice packages were delivered to the patients immediately after
surgery, with instruction to apply cold to the surgical area for the following 24 hours. Semi-liquid
cold diet was recommended for the first 48 h.

At-home pharmacological therapy prescribed was amoxicillin 1 g, every 12 hours, for six days,
and non-steroid anti-inflammatory drug ibuprofen 400 mg, every 12 hours, for four days,
post-operatively. All implants were loaded after a 4-month healing period, through a delayed
loading protocol, with a composite resin temporary restoration, followed by metal-ceramic
cemented crowns. Definitive abutments used for both Group A and B were the same and had conical
connection with Double Action Tight (DAT), a system that presents a conical interface between the
abutment and the implant, plus one more conical interface between the screw and the abutment.

Clinically, abutment screws were tightened at 25 Ncm by using a dental torque wrench.

2.3. Parameters

Dental implant survival rate was defined as the fixtures being osseointegrated and staying in
situ; and capable to guarantee stability for prosthetic support along the 2-year observation period
following the surgical placement. Peri-implant probing depth was estimated through a CP12
University of North Carolina color-coded periodontal probe (Hu Friedy, Chicago, IL, USA), in the
mesial, distal, buccal, and lingual/palatal surfaces of the fixture. Distance in mm between the
mucosal margin and the tip of the probe was considered as pocket depth.

Intraoral radiographs were taken, using extension cone paralleling system (XCP, Dentsply
international, RINN), and mean marginal bone loss was calculated, using Digora Optime digital
intraoral imaging system (Soredex, Tuusula, Finland).

A line was traced parallel to the long axis of the implant in order to measure in mm the distance
between the crestal bone level at the margin of the implant neck and the top of the apical portion of
the implant.
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2.4. Statistical Analysis

All analyses were run at the implant level. Peri-implant probing depth and marginal bone loss
were submitted to separate 2 (follow-up: t1 = 12 vs. t2 = 24 months) X 2 (neck design: reduced vs. wide)
multivariate analyses of variance (MANOVAs), in order to distinguish the effects of follow-up time,
implant neck design, and additionally assess any interactive effect(s) of the two factors. Mean values
were complemented by standard errors of the mean (Se) and 95% confidence intervals (CI).

3. Results

A total of 97 patients (56 men and 41 women) aged between 33 and 75 years (mean 58.2+6.22
years) were selected for the present study. None of them withdrew from the research, and 122
fixtures were placed in the molar/premolar region.

Fixtures made of titanium grade 4 had a standard length (= 10 mm) and a diameter of 3.8 and
4.2 mm for wide-neck implants and 4.2 and 5.0 mm for reduced-neck ones. Dental implants received
the same subtraction procedure, according to the Zir-Ti full-surface treatment (Zirconium Oxide
Sand-Blasted and Acid Etched Titanium). The apical portion was tapered with 50° accentuated
triangular threads and four longitudinal incisions, to increase penetration ability and anti-rotation
features. Fifty patients formed Group A (rough wide-neck design) and received 59 implants. Group
B (rough reduced-neck design) was composed of forty-eight patients, who received 63 implants.

The two groups were compared at one-year and two-year follow-ups. Survival rate, probing
depth, and marginal bone loss were recorded through clinical and radiological checkups.
Radiological records for different dental implants placed in Group A and B patients are shown in
Figures 2 and 3.

’ \
@ (b) (©)

Figure 2. Periapical X-rays showing marginal bone level of CSR dental implant with a reduced neck.
(a) Pre-operative X-ray; (b) post-operative follow-up at 12 months; and (c) post-operative follow-up
at 24 months.

(@ (b) (c)

Figure 3. Periapical X-rays showing marginal bone level of CSR dental implant with a wide neck. (a)

Pre-operative X-ray; (b) post-operative follow-up at 12 months; and (c) post-operative follow up at 24
months.

The overall survival rate of CSR dental implants at the two-year follow-up was 96.72% (four
implant failures out of 122 implants placed). Both groups showed similar outcomes: At 12 months,
survival rate was 98.30% for Group A and 98.41% for Group B, while it decreased at 96.61% for
Group A and 96.82% for Group B at the 24-month follow-up.
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Regarding peri-implant probing depth, a 2 (follow-up: t1 = 12 vs. t2 = 24 months) X 2 (neck design:
reduced vs. wide) multivariate analysis of variance (MANOVA) affirmed a main effect of follow-up,
F (1,116)=10.69, p <0.001, such that probing depth was generally lower at 12 months (3.06 mm * Se =
.046; 95% CI = 2.96, 3.15) than at 24 months (3.18 mm + Se = .050; 95% CI = 3.08, 3.28), independently
of type of neck design. Furthermore, the analysis also revealed a main effect of neck design, F (1, 116)
=6.28, p <.015, such that probing depth was generally lower for wide (Group A: 3.01 mm + Se = .063;
95% CI = 2.88, 3.13) than for reduced-neck implants (Group B: 3.23 mm * Se = .061; 95% CI = 3.11,
3.35), independently of time of follow-up. More specifically, the difference between the two groups,
considered at one and two years of follow-up were, respectively, as follows: Group A (one year): 2.93
mm * Se =.07; 95% CI =2.79, 3.07 vs. Group B (one year): 3.18 mm + Se = .05; 95% CI =3.07, 3.28 (p =
.007); and Group A (two years): 3.09 mm =+ Se = .07; 95% CI = 2.95, 3.24 vs. Group B (two years): 3.28
mm =+ Se =.06; 95% CI =3.15, 3.40 (p = .061). The interaction follow-up (t1 =12 vs. t2 = 24 months) X neck
design (reduced vs. wide) was not significant, F (1, 116) = .58, p = .45, n.s.

A 2 (follow-up: t1 =12 vs. t2= 24 months) X 2 (neck design: reduced vs. wide) multivariate analysis
of variance (MANOVA) was also conducted for marginal bone loss and revealed a main effect of
follow-up, F (1, 116) = 198.85, p < .001, such that marginal bone loss was generally lower at 12 months
(.89 mm = Se = .02; 95% CI = .86, .93) than at 24 months (1.08 mm =+ Se = .01; 95% CI = 1.06, 1.11),
independently of type of neck design. Furthermore, the analysis also revealed a main effect of neck
design, F (1, 116) = 34.04, p < .001, such that marginal bone loss was generally lower for wide (Group
A: .92 mm + Se =.02; 95% CI = .88, .95) than for reduced-neck implants (Group B: 1.06 mm =+ Se = .02;
95% CI = 1.03, 1.10), independently of time of follow-up. More specifically, the difference between
the two groups, considered at one and two years of follow-up, were, respectively, as follows: Group
A (one year): .84 mm + Se = .03; 95% CI = .78, .88 vs. Group B (one year): .95 mm * Se = .02; 95% CI =
91, .99 (p = .001); and Group A (two years): 1.00 mm + Se = .02; 95% CI = .97, 1.03 vs. Group B (two
years): 1.17 mm =+ Se = .02; 95% CI = 1.14, 1.20 (p = .001). Importantly, the two-way interaction
follow-up (t1 =12 vs. t2 = 24 months) X neck design (reduced vs. wide) was statistically significant, F (1,
116) = 3.91, p = .05, showing that the increase in bone loss for reduced-neck implants (Group B) was
steeper than the increase observed for wide-neck implants.

4. Discussion

Our study focused on dental implants’” macro-design, particularly on the clinical performance
of the same type of fixture but with two different rough collar designs in partially edentulous
patients, using a delayed loading protocol. Examined parameters were peri-implant probing depth,
marginal bone loss, and survival rate at two-year follow-up. Both groups of patients showed an
acceptable but almost similar implant survival rate. However, patients who received implants with a
wide-neck design presented lower probing depth and minor marginal bone loss compared to
reduced neck; thus, the null hypothesis of no differences between dental implants with different
neck designs was partially rejected. From a clinical point of view, differences in probing depth and
marginal bone loss between Group A and B were not relevant at the two-year follow-up. Since the
absence of signs of soft-tissue inflammation and the absence of further additional bone loss
following initial healing were found, according to peri-implant health definition by Renvert et al.
[15], it can be affirmed that both groups of patients showed peri-implant tissue health conditions.

Implant therapy is a very helpful discipline when it comes to rehabilitating dental patients.
Even if bone loss around oral implants is described to be an unavoidable and physiologic
foreign-body reaction of bone against titanium [16-18], the key for success resides in the
neutralization of risk factors at multiple levels: patient level, implant level, and prosthetic level.

Risk factors such as diabetes, periodontitis, bruxism, smoking, antidepressants intake, bone
augmentation procedures, head and neck radiotherapy [19-22] play a principal role in long-term
implants” outcome. These factors are found at the patient level, meaning that they are poorly
controllable over time, as they can worsen along with local or systemic health conditions. Here, we
must recall that patients included in the present study where disease-free individuals.
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Other factors that are set at prosthesis level also interfere with the success of implant therapy
and should not be underestimated. According to Vazquez-Alvarez et al. [23], the distance between
the implant platform and the horizontal component of the prosthesis has a significant influence on
peri-implant bone loss, and to be adequate, it should range from 3.3 to 6 mm. According to Lemos et
al. [24], the retention system for implant-supported prostheses may lead to a different bone-loss
pattern, as cement-retained restorations showed less marginal bone loss than screw-retained
restorations, and implant survival rate was in favor of cement-retained prosthesis.

Restorations for the present study were cemented crowns where a minimum distance of 3.5 mm
was kept between implant-abutment junction and horizontal prosthetic component, and where
extreme attention was payed to remove any cement excess that could be found underneath them.

Accuracy of dental impression used, whether traditionally or digitally taken, may lead to
differences in the fit of the definitive restoration [25]. In our case, prosthetic rehabilitations were
performed by passing through light and putty consistency polyvinylsiloxane materials.

The type of prosthetic material itself is described to be capable of having an effect on the
peri-implant tissues [26]. In this study, the decision for metal-ceramic crowns was supported by
appropriate biomechanical properties, as it was demonstrated in the literature [27-29].

Occlusal forces were exerted against natural antagonistic teeth in the molar/premolar region, to
standardize the procedure and avoid contact with previously installed dental restorations made of
unknown or undefined material properties (e.g., a preexisting zirconium-based bridge in the
antagonistic region).

Finally, implant therapy risk factors are also found at the implant level, being the fixture
macro-design capable to affect the osseointegration process, as reported by several authors [4,5,30-
33]. Fixture micro- and macro-designs can be adequately selected before treatment, and with the
ideal concept design, implant success rate would be more predictable.

Starting from the type of material from which implants are manufactured, different
osseointegration processes (amount of bone attachment to the surface and strength of the
bone-surface interaction) may occur at the bone level.

Recently reported by Taek-Ka et al. [34], a qualitative different osseointegration was found
through higher bone-surface interaction in commercially pure titanium grade 2 implants compared
to grade 4. Apart from titanium, zirconia has also been proposed as an alternative material for oral
fixtures. At the moment, despite its optimal biocompatibility, no definitive decision is available on
the clinical performance of such implants [35,36].

Back to implant collar, the manner in which it is configured appears to be of relevant interest:
The maximum loading stress distribution in bone is localized at the neck of the implants, as
described by Anitua et al. [37] and Huang et al. [38]. Several studies are available in the literature,
but no consensus on which collar design is more suitable for osseointegration was agreed on by the
authors.

Our study would qualify rough wide-neck implants to reduce bone loss over time, being
conscious that a longer follow-up period is necessary to confirm these findings. This may be related
to the platform-switching concept, which has been described to be beneficial for osseointegration
[39-43]. In fact, even in the case that a platform-matched abutment is used in such implants, a
minimal effect of switching platform still exists, being that the neck of the implant is wider in
diameter with respect to the main body. Otherwise, reduced-neck implants are less likely to benefit
from the platform-switching effect because of their narrower platform.

According to Eshkol-Yogev et al. [44], round neck implants may significantly increase primary
stability when compared to triangular neck design. In a paper by Mendoca et al. [45], bone
remodeling showed to be of benefit around implants with rough collar design, in mandible but not
in maxilla, if compared to machined collar surface implants. In a review by Koodaryan et al. [46],
rough-surfaced micro-threaded neck implants appeared to lose less bone compared to polished and
rough-surfaced neck implants.

CSR implants placed in this study had roughened surface collars with no microthreads at the
bone cervical region. Presence or absence of microthreads, as well as the amount of surface
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roughness, may have an effect on bone preservation. Despite that an implant collar with a
microthread can help in the maintenance of peri-implant bone against prosthetic loading, [47] this
study was focused on conventional rough-surface dental implants, not to add confounding aspects
related to numerous available surface topography (e.g., smooth, polished neck vs. machined surface
vs. microthread design). Furthermore, CSR implants had a moderate degree of roughness, as no
beneficial effect seemed to be associated with an increase in surface roughness. In fact, a 20-year
follow-up clinical trial by Donati et al. [48] reported no peri-implant bone preservation related to
implants with an increased surface roughness.

Another relevant issue to consider is the implant-abutment connection system. Implants in the
present study were provided with DAT connection. Consisting of a double conical interface and
internal hexagon for prosthetic repositioning, this type of connection follows the recent literature’s
outcomes. According to Caricasulo et al. [49], internal connection, particularly conical interfaces
seem to better maintain crestal bone level around dental implants.

As stated by Kim et al. [50], transmission of the occlusal load from the restoration to the
implant, and then from the implant to the surrounding bone, is essential to stimulate osteoblasts
activity. This is to say, to avoid minimum but regular and continuous bone resorption, described to
be around 1 mm for the first year and of 0.2 mm per year thereafter [51], bone deposition must be
encouraged.

The concept of biocompatibility related to implant-prosthetic rehabilitation can be considered
as the ultimate key for success: proper design of the fixture, together with a correct function of the
implant-abutment connection, and optimal adaptation of the prosthetic restoration generates a
self-defensive mechanism that guarantees long-term survival rates.

Considering multiple and confounding aspects which affect implant failure, with risk factors
set at patient, implant, and prosthetic level, it is important to affirm that bone loss in not solely
determined by collar morphology. Further studies should be conducted on multiple heterogeneous
implant collar design in different populations (e.g., diabetic vs. nondiabetic) and with different
prosthetic restorations (e.g., screwed vs. cemented). Longer follow-up periods could highlight the
enhancement of the clinical performance of dental implants with specific neck configurations.

5. Conclusions

Within the limitations of the present prospective clinical comparative study, peri-implant
probing depth and marginal bone level around dental implants placed in edentulous sites in
molar/premolar region were affected by different neck designs. Patients who received implants with
rough wide-neck design presented lower probing depth and minor marginal bone loss compared to
patients with rough reduced-neck implants.

Reduced-neck implants showed a tendency to lose comparatively more bone over time if
compared with wide-neck implants.

However, dental implants’ survival rate was acceptable and satisfactory for both groups of
patients and showed no differences at the two-year follow-up.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Consort Statement
and 2010 Checklist

Author Contributions: P.M.: conceptualization, writing-original draft preparation; F.F.: investigation, data
curation; G.P.: study design, research methodology, statistical analysis, drafting and final approval of the
manuscript; E.G.: supervision, project administration; P.C.: conceptualization, investigation. All authors have
read and agreed to published version of the manuscript.

Funding: This research received no external funding

Conflicts of Interest: The authors declare no conflicts of interest



Materials 2020, 13, 1029 8 of 10

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Steigenga, J.T.; Al-Shammari, K.F.; Nociti, F.H.; Misch, C.E.; Wang, H.L. Dental implant design and its
relationship  to  long-term  implant  success.  Implant  Dent. 2003, 12,  306-317.
d0i:10.1097/01.id.0000091140.76130.al.

Ogle, O.E. Implant surface material, design, and osseointegration. Dent. Clin. N. Am. 2015, 59, 505-520.
doi:10.1016/j.cden.2014.12.003.

Rupp, F; Liang, L.; Geis-Gerstorfer, J.; Scheideler, L.; Huttig, F. Surface characteristics of dental implants:
A review. Dent. Mater. 2018, 34, 40-57. doi: 10.1016/j.dental.2017.09.007.

Spies, B.C.; Bateli, M.; Ben Rahal, G.; Christmann, M.; Vach, K.; Kohal, R.J. Does oral implant design affect
marginal bone loss? Results of a parallel group randomized controlled equivalence trial. BioMed Res. Int.
2018. doi:10.1155/2018/8436437.

Ormianer, Z.; Matalon, S.; Block, J.; Kohen, J. Dental implant thread design and the consequences on
long-term marginal bone loss. Implant Dent. 2016, 25, 471-477. doi:10.1097/ID.0000000000000441.

Lesmes, D.; Laster, Z. Innovations in dental implant design for current therapy. Oral. Maxillofac. Surg. Clin.
N. Am. 2011, 23, 193-200. d0i:10.1016/j.coms.2011.02.001.

Boyan, B.D.; Cheng, A.; Olivares-Navarrete, R.; Schwartz, Z. Implant surface design regulates
mesenchymal stem cell differentiation and maturation. Adv. Dent. Res. 2016, 28, 10-17.
doi:10.1177/0022034515624444.

Perez-Albacete, M.A.; Perez-Albacete, C., Mate-Sanchez de Val, J.E., Ramos-Oltra, M.L,;
Fernandez-Dominguez, M.; Calvo-Guirado, J.L. Evaluation of a new dental implant cervical design in
comparison with a conventional design in an experimental american foxhound model. Materials 2018, 11,
462. doi:10.3390/ma11040462.

Calvo-Guirado, J.L.; Morales-Melendez, H.; Perez-Martinez, C.; Morales-Schwarz, D.; Kolerman, R;
Fernandez-Dominguez, M.; Gehrke, S.A.; Mate-Sanchez de Val, J.E. Evaluation of the surrounding ring of
two different extra-short implant designs in crestal bone maintenance: A histologic study in dogs.
Materials 2018, 11, 1630. d0i:10.3390/ma11091630.

Calvo-Guirado, J.L.; Jimenez-Soto, R.; Perez-Martinez, C.; Fernandez-Dominguez, M.; Gehrke, S.A.;
Mate-Sanchez de Val, J.E. Influence of implant neck design on peri-implant tissue dimensions: A
comparative study in dogs. Materials 2018, 11, 2007. doi:10.3390/ma11102007.

Shen, W.L.; Chen, C.S.; Hsu, M.L. Influence of implant collar design on stress and strain distribution in the
crestal compacte bone: A three-dimensional finite element analysis. Int. ]. Oral. Maxillofac. Implants 2010,
25,901-910.

Hanggi, M.P.; Hanggi, D.C.; Schoolfield, ].D.; Meyer, J.; Cochran, D.L.; Hermann, J.S. Crestal bone changes
around titanium implants. Part I: A retrospective radiographics evaluation in humans comparing two
non-submerged implant designs with different machined collar lengths. J. Periodontol. 2005, 76, 791-802.
doi:10.1902/jop.2005.76.5.791.

Crespi, R.; Cappare, P.; Polizzi, E.; Gherlone, E. Fresh-Socket implants of different collar length: clinical
evaluation in the aesthetic zone. Clin. Implant. Dent. Relat. Res. 2015, 17, 871-878. d0i:10.1111/cid.12202.
Chappuis, V.; Bornstein, M.M.; Buser, D.; Belser, U. Influence of implant neck design on facial bone crest
dimensions in the esthetic zone analyzed by cone beam CT: A comparative study with a 5-to-9-year
follow-up. Clin. Oral. Implants Res. 2016, 27, 1055-1064. doi:10.111/clr.12692.

Renvert , S.; person, G.R.; Pirih, F.Q.; Camargo, P.M. Peri-implant health, peri implant mucositis, and
peri-implantitis: Case definitions and diagnostic considerations. ]. Periodontol. 2018, 1, s3014-s312.
doi:10.1002/JPER.17-0588.

Albrektsson, T.; Dahlin, C.; Jemt, T.; Sennerby, L.; Turri, A.; Wennerberg, A. Is marginal bone loss around
dental implants the result of a provoked foreign body reaction? Clin. Implant Dent. Relat. Res. 2014, 16, 155—
165. doi:10.1111/cid.12142.

Albrektsson, T.; Canullo, L.; Cochran, D.; De Bruyn, H. Peri-implantitis: A complication of a foreign body
or a man-made “Disease”. Facts and fiction. Clin. Implant Dent. Relat. Res. 2016, 18, 840-849. doi:
10.1111/cid.12427.

Buser, D.; Sennerby, L.; De Bruyn, H. Modern implant dentistry based on osseointegration: 50 years of
progress, current trends and open questions. Periodontol 2000, 73, 7-21. doi:10.1111/prd.12185.



Materials 2020, 13, 1029 9 of 10

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Tecco, S.; Grusovin, M.G,; Sciara, S.; Bova, F.; Pantaleo, G.; Cappare, P. The association between three
attitude-related indexes of oral hygiene and secondary implant failures: a retrospective longitudinal
study. Int. ]. Dent. Hyg. 2018, 16, 372-379. doi:10.1111/idh.12300.

Kandasamy, B.; Kaur, N.; Tomar, G.K; Bharadwaj, A.; Manual, L.; Chauhan, M. Long-term retrospective
study based on implant succes rate in patients with risk factor: 15-year follow-up. J. Contemp. Dent. Pract.
2018, 19, 90-93. doi:10.5005/jp-journals-10024-2217.

Chrcanovic, B.R.; Kisch, J.; Albrektsson, T.; Wennerberg, A. Factors influencing early dental implant
failures. J. Dent. Res. 2016, 95, 995-1002. d0i:10.1177/00220345166460.

Gherlone, E.F.; Cappare, P.; Tecco, S.; Polizzi, E.; Pantaleo, G.; Gastaldi, G.; Grusovin, M.G. A prospective
longitudinal study on implant prosthetic rehabilitation in controlled HIV-positive patients with 1-year
follow-up: the role of CD4+ level, smoking habits, and oral hygiene. Clin. Implant. Dent. Relat. Res. 2016, 18,
955-964. doi:10.111/cid.12370.

Vazquez-Alvarez, R.; Perez-Sayans, M.; Gayoso-Diz, P.; Garcia-Garcia, A. Factors affecting peri-implant
bone loss: A post-five-year retrospective study. Clin. Oral. Implants Res. 2015, 26, 1006-1014.
doi:10.1111/clr.12416.

Lemos, C.A.; de Souza Batista, V.E.; Almeida, D.A.; Santiago Junior, ]J.F.; Verri, F.R.; Pellizzer, E.P.
Evaluation of cement-retained versus screw-retained implant-supported restorations for marginal bone
loss: A systematic review and meta-analysis. ]. Prosthet. Dent. 2016, 115, 419-427.
doi:10.1016/j.prosdent.2015.08.026.

Cappare, P.; Sannino, G.; Minoli, M.; Montemezzi, P.; Ferrini, F. Conventional versus digital impression
for full arch screw-retained maxillary rehabilitations: A randomized clinical trial. Int. |. Environ. Res. Public
Health 2019, 16, 829.d0i:10.3390/ijerph16050829.

Maminskas, J.; Puisys, A.; Kuoppala, R.; Raustia, A.; Juodzbalys, G. The prosthetic influence and
biomechanics on peri-implant strain: A systematic literature review of finite element studies. J. Oral.
Maxillofac. Res. 2016, 7, e4.

Augustin-Panadero, R.; Soriano-Valero, S.; Labaig-Rueds, C.; Fernandez-Estevan, L.; Sola-Ruiz, M.F.
Implant-supported metal-ceramic and resin.modified ceramic crowns: A 5-year prospective clinical study.
J. Prosthet. Dent. 2019. doi: 10.1016/j.prosdent.2019.07.002.

Schwartz, S.; Schroder, C.; Hassel, A.; Bomicke, W.; Rammelsber, P. Survival and chipping of
zirconia-based and metal-ceramic implant-supported single crowns. Clin. Oral. Implant Res. 2012, 14, e119—
e125. doi:10.1111/j.1708-8208.2011.00388.x.

Pjetursson, B.E.; Valente, N.A.; Strasding, M.; Zwahlen, M.; Liu, S.; Sailer, I. A systematic review of the
survival and complication rates of zirconia-ceramic and metal-ceramic single crowns. Clin. Oral. Implant
Res. 2018, 16, 199-214. d0i:10.1111/clr.13306.

Vivan-Cardoso, M.; Vandamme, K.; Chaudhari, A.; De Rycker, J.; Van Meerbeek, B.; Naert, I.; Duyck, J.
Dental implant macro-design features can impact the dynamics of osseointegration. Clin. Implant Dent.
Relat. Res. 2015, 17, 639-645. doi:10.1111/cid.121.

Lima de Andrade, C.; Carvalho, M.A.; Bordin, D.; da Silva, W.].; Del Bel Cury, A.A.; Sotto-Maior, B.S.
Biomechanical behavior of the dental implant macrodesign. Int. |. Oral. Maxillofac. Implants 2017, 32, 264—
270. doi:10.11607/jomi.4797.

Jimbo, R.; Tovar, N.; Marin, C.; Teixera, H.S.; Anchieta, R.B.; Silveira, L.M.; Janal, M.N.; SHibli, J.A.;
Coelho, P.G. The impact of a modified cutting flute implant design on osseointegration. Int. |. Oral.
Maxillofac. Surg. 2014, 43, 883-888. doi: 10.1016/j.ijom.2014.01.016.

Triplett, R.G.; Frohberg, U.; Sykaras, N.; Woody, R.D. Implant materials, design, and surface topographies:
The influence on osseointegration of dental implants. |. Long Term Eff. Med. Implants 2003, 13, 485-501.
doi:10.1615/jlongtermeffmedimplants.v13.i6.50.

Taek-Ka, K.; Jung-Yoo, C.; Jae-Il, P.; In-Sung, L.Y. A clue to the existence of bonding between bone and
implant surface: An in vivo study. Materials 2019, 12, 1187. d0i:10.3390/ma12071187.

Hashim, D.; Cionca, N.; Courvoisier, D.S.; Mombelli, A. A systematic review of the clinical survival of
zirconia implants. Clin. Oral. Investig. 2016, 20, 1403-1417. d0i:10.1007/s00784-016-1853-9.

Cionca, N.; Hashim, D.; Mombelli, A. Zirconia dental implants: Where are we now, and where are we
heading? Periodontol 2000, 73, 241-258. doi:10.1111/prd.12180.

Anitua, E.; Tapia, R.; Luzuriaga, F.; Orive, G. Influence of implant length, diameter, and geometry on
stress distribution: A finite element analysis. Int. ]. Periodontics Restor. Dent. 2010, 30, 89-95.



Materials 2020, 13, 1029 10 of 10

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Huang, Y.M.; Chou, I.C,; Jiang, C.P.; Wu, Y.S; Lee, S.Y. Finite element analysis of dental implant neck
effects on primary stability and osseointegration in a type IV bone mandible. Bio Med. Mater. Eng. 2014, 24,
1407-1415. doi:10.3233/BME-130945.

Salamanca, E.; Lin, J.C,; Tsai, C.Y.; Hsu, Y.S,; Huang, HM.; Teng, N.C.; Wang, P.D.; Feng, S.W.; Chen,
M.S.; Chang, W.]. Dental implant surrounding marginal bone level evaluation: Platform switching versus
platform matching-one-year retrospective study. BioMed Res. Int. 2017. doi:10.1155/2017/7191534.
Santiago, J.J.F.; Batista, V.E.; Verri, F.R.; Honorio, HM.; de Mello, C.C.; Almeida, D.A.; Pellizzer, E.P.
Platform-switching implants and bone preservation: A systematic review and meta-analysis. Int. ]. Oral.
Maxillofac. Surg. 2016, 45, 332-345. d0i:10.1016/j.ijom.2015.11.009.

Rocha, S.; Wagner, W.; Wiltfang, J.; Nicolau, P.; Moergel, M.; Messias, A.; Behrens, E.; Guerra, F. Effect of
platform switching on crestal bone levels around implants in the posterior mandible: 3 years results from a
multicentre randomized clinical trial. J. Clin. Periodontol. 2016, 43, 374-382. doi:10.1111/jcpe.12522.
Strietzel, F.P.; Neumann, K.; Hertel, M. Impact of platform switching on marginal peri-implant bone-level
changes. Asystematic review and meta-analysis. Clin. Oral. Implants Res. 2015, 26, 342-358.
doi:10.1111/cir.12339.

Bouazza-Juanes, K.; Martinez-Gonzalez, A.; Peiro, G.; Rodenas, ].J.; Lopez-Molla, M.V. Effect of platform
switching on the peri-implant bone: A finite element study. J. Clin. Exp. Dent. 2015, 7, e483-e488.
doi:10.4317/jced.52539.

Eshkol-Yogev, I; Tandlich, M.; Shapira, L. Effect of implant neck design on primary and secondary
implant stability in the posterior maxilla: A prospective randomized controlled study. Clin. Oral. Implants
Res. 2019. d0i:10.1111/clr.13535.

Mendoca, J.A.; Senna, P.M.; Francischone, C.E.; Francischone Junior, C.E.; de Souza Picorelli Assis, N.M.;
Sotto-Maior,B. Retrospective evaluation of the influence of the collar surface topography on peri-implant
bone preservation. Int. . Oral. Maxillofac. Implants 2017, 32, 858-863. doi: 10.11607/jomi.4094.

Koodaryan, R.; Hafezeqoran, A. Evaluation of implant collar surfaces for marginal bone loss: A systematic
review and meta-analysis. BioMed Res. Int. 2016. doi:10.1155/2016/4987526.

Lee, D.W.; Choi, Y.S.; Park, K.H.; Kim, C.S.; Moon, 1.S. Effect of microthread on the maintenance of
marginal bone level: A 3-year prospective study. Clin. Oral. Implants Res. 2007, 18, 465-470.
doi:10.1111/j.1600-0501.2007.01302.x.

Donati, M.; Ekestubbe, A.; Lindhe, J.; Wennstrom, J.L. Marginal bone loss at implants with different
surface characteristics: A 20-year follow-up of a randomized controlled clinical trial. Clin. Oral. Implants
Res. 2018, 29, 480-487. doi:10.1111/clr.13145.

Caricasulo, R.; Malchiodi, L.; Ghensi, P.; Fantozzi, G.; Cucchi, A. The influence of implant-abutment
connection to peri-implant bone loss: A systematic review and meta-analysis. Clin. Implant Dent. Relat. Res.
2018, 20, 653-664. doi:10.1111/cid.12620.

Kim, ].J.; Lee, ].H.; Kim, J.C.; Lee, ].B.; Yeo, L.L. Biological responses to the transitional area of dental
implants: Material and structure dependent responses of peri-implant tissue to abutments. Materials 2019,
13, 72. d0i:10.3390/ma13010072.

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. |. Oral. Maxillofac. Implant 1986, 1, 11-25.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open
@ ® | access article distributed under the terms and conditions of the Creative Commons

Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



