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Abstract: Restoring teeth with dental implants has become the gold standard in recent years, espe-
cially in the esthetic zone. However, limited amount of available bone as well as limited interdental
space in the anterior zone may create problems for implant treatment. Narrow diameter implants
(NDI) may be a treatment option to resolve the above-mentioned limitations and providing minimally
invasive implant therapy without additional regenerative procedures. In this retrospective study, a
comparison of clinical and radiographic outcomes between one-piece and two-piece titanium-made
NDIs was done with the follow-up of two years after loading. Twenty-three NDI cases were analyzed,
11 in the one-piece implant group (group one) and 12 in the two-piece implant group (group two).
The outcomes were implant and prosthetic failures, any complications occurred, peri-implant bone
level changes, and as well as the Pink Esthetic score. No implant or prosthetic failures, as well as, no
complications were reported at the two-year follow-up examination. At the same time the marginal
bone loss was 0.23 £ 0.11 in the group one and 0.18 + 0.12 in the group two. Difference was not
statistically significant (p = 0.3339). The Pink Esthetic Score, recorded two years after definitive
loading, was 12.6 & 0.97 in the group one and 12.2 £ 0.92 in the group two, with no statistically
significant difference between groups (p = 0.3554). With the limitations of the present study, including
the small sample size and short follow-up, it is possible to conclude that either one and two-piece
NDI can be successfully used to restore lateral incisors with comparable results within the two years
of follow-up.

Keywords: narrow diameter implants; one-piece implant; two-piece implants; NDI; esthetics;
PES; MBL

1. Introduction

The oral cavity is a limited area of the human body; however, oral health widely
influences the general health of people [1-3]. In addition, damaged dentition and /or lack of
teeth lead to functional, esthetic and social problems. Edentulism especially in the anterior
area or so called esthetic zone may lead to a decrease in self-confidence and even mental
problems [4,5]. In 2010, almost four billion people were affected by oral conditions, with
the burden increasing by 20.8% over the two previous decades [6]. Different bone defects,
caused by trauma, infections, parafunctions or cancer affecting individuals of all ages,
result in an enormous financial burden across the world. Globally, the direct annual costs
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of dental diseases reached $356.8 and the estimated productivity loss due to oral diseases
was $187.6 billion in 2015 [7]. Soft and hard tissue loss due to periodontitis and severe
edentulousness are the major contributors to this burden of disease [8], and regeneration of
the lost tissues is considered the ultimate treatment outcome. Congenital tooth agenesis is
also a dental anomaly affecting the esthetic zone, with reported incidences of 2.7% to 12.2%,
excluding the third molars [9,10]. In the permanent dentition, maxillary lateral incisors are
the most commonly affected, with a prevalence rate between 1% and 4% [8]. Treatment
options for missing lateral incisors include space opening, followed by the placement of a
conventional fixed bridge or a single-unit implant-supported crown, and orthodontic space
closure with anatomical recontouring of the canines [10]. However, treatment with dental
implants is today considered the gold standard approach in several situations, achieving
long-term survival and success rates [11,12]. Nevertheless, aesthetic rehabilitation, as well
as treatment of atrophic jaws, are classified as high-risk procedures [5,13]. To overcame
the risk of implant failure or aesthetic complications, guided bone regeneration may be
recommended to achieve successful long-term results [14-16]. For the latter, clinicians,
as well as patients, still consider as alternative treatment options, several procedures
including Maryland bridge, conventional teeth supported bridge, and short or narrow
implants [17-21].

In the last years, through the increased demand of minimally invasive approaches,
narrow diameter implants (NDIs) became more popular. According to a recent systematic
review with a meta-analysis of Eik Schiegnitz and Bilal Al-Nawas [21], narrow diameter
implants were classified into Category 1 (implant diameter < 3.0 mm, “mini-implants”),
Category 2 (implant diameter 3-3.25 mm) and Category 3 (implant diameters 3.3-3.5 mm).
Usually, NDIs are one-piece implants; however, two-piece NDIs were introduced recently,
with an aim to address some prosthetic problems and to provide more prosthetic options.
Both implants demonstrated effectiveness in the rehabilitation of patients requiring dental
implants to retain and implant-supported restoration [21]. Nevertheless, there are no data
that allows to compare one- versus two-piece narrow diameter implants for the treatment
of incisors

The aim of the present study is to retrospectively compare clinical and radiographic
data of patients treated with one-piece versus two pieces titanium-made narrow diameter
implants for the treatment of upper lateral and lower incisors with a follow-up period of at
least 2 years after loading.

2. Materials and Methods

This observational study was designed as a retrospective comparative evaluation,
aimed to understand whether is preferable to use one or two-piece narrow diameter
implants for the rehabilitation of the upper lateral and lower incisors.

2.1. Patient Selection

A cohort of patients, aged at least 18 years, who received at least one NDI to support
a single crown in the maxillary lateral or mandible incisors, with at least two years of
follow-up and available peri-apical radiographs taken at implant placement, loading, one-
and two-year after, were considered for this study. The study was performed according
to the principles of the Helsinki Declaration published in 2013. Patients were informed
about all materials and clinical procedures, benefits, potential risks and complications.
Written informed consent was obtained for all performed procedures. All medical data
were anonymized so that patient cannot be identified. Ethics clearance was granted by
the Ethical Committee by the Medical University of Warsaw, Poland. Approval code:
AKBE/41/2023.

Exclusion criteria were as follows: no available radiographs and signed informed
consent, patients who underwent guided bone regeneration, immediate implants (the
socket sites had to heal for four months), heavy smokers (>11 cigarettes per day), local
acute or chronic infections at the time of implant placement, poor oral hygiene (bleeding
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on probing and/or plaque index > 25%), absence of teeth in the opposite jaw, and severe
bruxism or jaw clenching.

A retrospective chart review of data collected in two centers (Poland and Italy), in-
cluding documents, radiographs, and clinical pictures, was performed by an independent
examiner (MP). Patients were grouped based on their implant abutment interface and di-
ameter. In group 1, one-piece NDI of 2 or 2.5 mm of diameter (Category 1 or mini implants)
and 10 to 13 mm of length were positioned. In group 2, two-piece NDI of 3 or 3.5 mm
of diameter (Category 2 and 3) and 10 to 13 mm of length were placed. The rationale to
choose one- or two-piece implants as well the diameter size was to allow a prosthetically
driven position of the implants using a minimally invasive approach.

2.2. Surgical Protocol

All the implants came from the same manufacturer (Osstem Global Co., Ltd., Seoul,
Republic of Korea) and presented the same SA (sandblasted and acid-etched) surface. The
main difference is that in the one-piece implants (Osstem MS Implants, Osstem Global
Co., Ltd.), the fixture and the abutment portions consist of a single unit. On the contrary,
two-piece implants (Osstem TSIII, Osstem Global Co., Ltd.) consist in two separate portions.
Both TSIII implants of 3.0 and 3.5 mm of diameter, presented the same internal, conical,
implant abutment interface, with internal hex and the 11° taper connection. MS Implants
and TSIII of 3.0 mm diameter are made of titanium grade V, while TSIII implants of 3.5 mm
diameter are made of grade IV.

Narrow diameter implants were placed according to the manufacturer instructions.
All surgical and prosthetic procedures were performed by two experienced oral surgeons
(LZ and MT) using a computer-assisted, template-based approach. All the implants were
placed flapless or with a minimally invasive flap (without vertical incisions) depending
on the amount of keratinized tissue, using a computer-assisted, template-based approach.
Surgical templates were designed without metallic sleeves for surgical kits dedicated to
TSIII or MS implants (OneGuide Kit or OneMS Kit, Osstem Global Co., Ltd.) [22]. Implants
were placed in a prosthetically driven position, according to a pre-established wax-up. In
group one, the implants were placed slightly palatal in order to have the screw hole at the
cingulum of the restored teeth. In group 2, the implants position was planned in order to
have the abutment inside the volume of the teeth to be rehabilitated. Two-piece implants
were placed at a bone level of slightly deeper in order to have 4 mm for the emergence
profile of the crowns [23-30]. All the implants were planned maintaining at least 1.5-2 mm
of the buccal bone, without any bone and/or soft tissue augmentation procedures. The
maximum insertion torque was 30 N cm (according to the manufacturer instructions).
Immediate loading was performed if the insertion torque was at least 25 Ncm, measured
with the surgical micromotor (Surgical Pro, Nakanishi Inc., Kanuma, Japan). In order
to avoid any static and dynamic contacts, all of the implants received a non-functional
temporary restoration. In case of delayed loading, the temporary restoration was placed
after three months of healing.

2.3. Prosthetic Protocol

Three to four months after temporary restoration delivery, a definitive impression was
taken, and porcelain fused to zirconia restorations were delivered within four weeks. In
group 1, the definitive restorations were cement-retained (Ketac Cem, 3M ESPE AG, Seefeld,
Germany), while, in group 2, screw-retained restorations bonded on the base abutments
(Osstem Global Co., Ltd.) were delivered. Figures 1-5 present the whole protocol of
exemplary cases with two-piece implants, and Figures 6-10 present an exemplary case with
one-piece implants.
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Figure 2. Guided implant placement.

Figure 4. Final crown delivery.
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Figure 5. At two years of follow-up.

Figure 7. Guided implant placement of one-piece implant.
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Figure 9. Final crown delivery.

Figure 10. At two years of follow-up.

2.4. Outcome Measures

Outcome measures were as follows: implant and prosthetic failures, any complications,
and marginal bone level changes.

e Implant failure was defined as mobility, infection, fracture, and/or any other mechani-
cal or biological problem that determined implant removal.
A prosthesis was considered a failure always if it had to be replaced;
Any biological complications (e.g., pain, swelling, mobility, suppuration) and/or techni-
cal issues (e.g., material fractures, screw loosening) were reported during follow-up;
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e  Esthetic evaluation of clinical pictures, including at least two adjacent teeth, taken at
two years after loading was done following the pink esthetic score (PES) proposed
by Fiirhauser et al., in 2005 [31]. In brief, the PES score evaluates seven variables:
mesial papilla, distal papilla, soft tissue level, soft tissue contour, alveolar process
deficiencies, soft tissue color and texture. A 0-1-2 scoring system was used, with a
maximum achievable score of 14 per site.

Peri-implant bone levels were measured at the mesial and distal margins of the implants.
In the one-piece implants, the marginal bone level was measured as the distance between
the most coronal point where the bone comes in contact with the implant (bone-to-implant
contact) and the underside of the gingival portion. In the two-piece implants, the marginal
bone level was measured as the distance between the most coronal point where the bone
comes in contact with the implant (bone-to-implant contact) and the most coronal portion of
the implant platform. Marginal bone loss was calculated as the differences between marginal
bone levels at different timepoints. All the measurements were made on digital periapical
radiographs, taken using the parallel technique with an extension cone paralleling instrument
(Rinn XCP, Dentsply, Elgin, IL, USA). All radiographs and measurements were analyzed with
DFW 2.8 software for MS Windows (Soredex, Tuuka, Finland), calibrated for each image
separately using the known implant length or diameter. A dental specialist (AIL), previously
not involved in this study, performed all radiographic measurements.

2.5. Statistical Analysis

Differences between groups were compared with the Fisher exact probability test
for dichotomous variables (for implant and prostheses failures and complications). The
Mann-Whitney U tests was used for continuous variables (for peri-implant bone levels). A
level of significance of 0.05 was applied to all conducted analyses. Implants were used as
the statistical unit, and statistical analyses were performed using SPSS for Mac OS X ver.
22.0 (IBM, Chicago, IL, USA).

3. Results

A total of 26 medical records of patients who received narrow diameter implants were
found. Of these, five patients were excluded. Two patients received two two-piece 3.0 mm
diameter implants in combination with guided bone regeneration. Other two received
3.5 mm implants combined with the socket shield procedure. The fifth patient receive a
one-piece 2.5 mm implant to support a single crown in the canine position. Data from
21 other patients (11 women, 10 men; range 19-81 years old; average age 55.6 years) were
selected according to the inclusion and exclusion criteria. Two patients, one in each group,
received two implants (bilateral agenesis of the upper lateral incisors). Finally, the data
from 23 (11 in group one and 12 in group two) implants were evaluated. All the implants
were placed flapless or with a mini flap without vertical incisions, subcrestally, according
to the manufacturer recommendations. Patient and implant characteristics are reported in
Table 1. There are no statistically significant differences between groups, except for a longer
follow-up in group 2. Nevertheless, data were reported at the same follow-up period of
2 years after definitive loading.

The pink esthetic score recorded two years after definitive loading was 12.6 & 0.97
in group 1 and 12.2 & 0.92 in group 2, with no statistically significant difference between
groups (p = 0.3554).

At the two years follow-up examination, the marginal bone loss was 0.23 £ 0.11 in group
1 and 0.18 & 0.12 in group 2. The difference was not statistically significant (p = 0.3339).

No implant or prosthodontic failure as well as other complication were reported at the
two-year follow-up.
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Table 1. Patient and implant characteristics between groups.

Data One-Piece Two-Piece p-Value
Number of patients/implants 10/11 11/12 1.0
Mean age + SD 1 (range) 36.5 +19.4 (19-81) 29.7 + 12.8 (19-85) 0.3437
Male/Female 4/6 7/4 0.3949
Total follow-up in months 28.5 + 3.4 (24-34) 38.7 £ 10.5 (24-60) 0.0095
Implant diameter 2 or 2.5 mm 3or3.5mm NA 2
Implant length 10 to 13 10to 13 NA 2
Crowns Cemented-retained Screw-retained NA 2
Maxillary/mandible implants 10/1 11/1 1.0
Immediately/delayed loaded 11/0 9/2 0.4762
Implant failure 0 0 1.0
Prosthetic failure 0 0 1.0
Complications 0 0 1.0
PES 3 at the 2-year follow-up 12.6 £ 0.97 12.2 +0.92 0.3554
MBL? at the 2-year follow-up 023 +0.11 0.18 £0.12 0.3339

1 SD = Standard deviation. 2 NA = Not applicable. 3 PES= Pink Esthetic Score. * MBL=Marginal Bone Loss.

4. Discussion

The one-piece implants were originally designed to address the structural weakness
issues that were part of the two-piece implants. Moreover, in order to improve the mechan-
ical proprieties, some companies manufacture narrow diameter implants using titanium
grade V, as in this research. In the last decade, patient preference for minimally invasive
treatment options that exclude bone augmentation is improved [31,32]. However, treat-
ment of missing incisors may be based on different possibilities including conventional or
adhesive bridges with good results even in almost ten years follow-up [20]. Nevertheless,
implant-based reconstructions especially in the esthetic area becoming a gold standard with
acceptable results in terms of both esthetic and function with follow-up reaching almost
twenty years [12].

According to the results of a recent systematic reviews, narrow diameter implants
of less than 3.0 mm of diameter (Category 1) performed statistically significantly worse
compared with wider NDIs that were suggested for the rehabilitation of limited interdental
spaces in anterior single-tooth restorations [21].

In the present research, no differences were found between tested implants. A possible
explanation could be that all the used implants were placed in a prosthetically driven
positions, in the native bone, and with at least 1.5 mm of the buccal bone. Moreover, 2
to 3 mm of diameter implants were made of titanium grade V, with similar resistance to
implants with wider (3.5 mm) diameter. Finally, all the implants are the same modified
surface (sand-blasted and acid-etched)

Narrow diameter implants of 3.5 mm of diameter were described in all regions,
including posterior single-tooth restorations [33,34]. However, certain conditions must to
be respected, including stronger implant material as titanium grade V [35].

In the present study, all the implants were placed according to a minimally invasive
approach, using a surgical template and avoiding bone and soft tissue augmentation. The
NDIs can be used when guided bone regeneration is not indicated or in case patients
refused invasive surgical procedures.

When planning the treatment with one-piece NDIs, it is important to take into account
some prosthetic factors. One-piece implants only allow for cemented retained restorations,
and when used in narrow, mesio-distal, spaces, esthetics may be a challenge. Basing on the
available literature, it is well known that today computer-assisted, template-based surgery
is beneficial to place the implants in the correct position providing satisfied aesthetic
results [35-38]. The accuracy of guided surgery is well known [22,39,40], especially, in a
single tooth missing in the anterior area.
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Implant depth is another than position and angulation factor crucial for bone stability
around implants after prosthetic reconstruction. The depth of implant placement should
be carefully planned accordingly to the available bone and soft tissue thickness, the type
of the implant, implant-abutment interface and the type and design of further prosthetic
reconstruction. Particularly, not the depth of the implant placement but the distance
between the cervical margin of planned restoration and the implant platform is the key
factor providing a biological space, named the transitional zone, for peri-implant soft
tissues and biologic width establishment [24,25,27,28].

Considering all guided approach advantages, we cannot forget about planning phase
when all factors such as the implant type, implant-abutment interface, position, angula-
tion and distance between future prosthesis and implant platform can be evaluated and
backward planned to fill above mentioned dimensional biological requirements. The peri-
implant space, or in other words, the implant supra crestal complex may be important to
obtain successful long-term results for implant treatment [41]. Proper implant positioning
together with an appropriate implant supra crestal complex provide biological conditions to
prevent marginal bone loss, thus resulting in good esthetic results e.g., measured with PES.

Within two years of observation, we have not found differences between the tested groups
in all the tested outcomes; however, all cases were carefully planned by experienced clinicians.
Regarding the peri-implant soft tissue space, we planned to use about four-millimeter high
abutments to restore two-piece implants and four-millimeter distance between the margin of
the crown cemented on the one-piece implants and the implant thread.

Kraus et al., in a RCT with five years of follow-up, concluded that cemented restora-
tions on implants were associated with a higher biological and overall complication rate.
However, these authors found a relatively low survival rate for both tested prostheses as
well as cemented screws retained [42]. Moreover, they did not compare one- and two-piece
implants as we did in this study.

There is still no consensus in the literature if cemented or screw retained prostheses
have higher overall success rates. Different meta-analyses point out that the problem
is that no standardized criteria are available, making them difficult to compare [43,44].
Furthermore, standardized studies with long follow-up are needed to resolve this issue
and set clinically relevant conclusions for practitioners.

In the present research, patients with bruxism or severe clenching were excluded.
Although bruxism is quite common, it should be considered as a risk factor for any dental
treatment and may lead to implant failure, and mechanical complications for implant-
supported prosthesis as well to teeth supported prostheses chipping, or adhesive restora-
tions debonding [45].

The limitations of our study are the retrospective nature and a relatively small group.
Another limitation is that the patients were followed-up for only two years, giving the
presented results. However, the compared groups are even. These authors will continue the
observation of the collected group to obtain longer follow-up data. According to Tecco et al.,
patients will be monitored for periodontal indicators, such us plaque index, bleeding on
probing, and probing pocket depth, in order to further understand the role of different
behaviors of one- versus two-piece implants, and their role on secondary implant failure
due to peri-implantitis [46]. Another limitation is that this study design with completely
the same implant surface allowed for only two different collar designs to be compared.
However, from the literature we know that different implant collar designs as well as
different internal connections may influence the outcomes of implant treatment in terms of
bacterial microleakage and peri-implant bone stability [47—49]. Then, on the basis of these
results, we see the need for further studies comparing one-piece and two-piece implants
with different implant-abutment connections and different thread designs in terms of
esthetic and biological performance. Then, different implants restored with screws retained
and cemented prostheses performed with the respect of biologic dimensions (abutments
height) required for healthy peri implant tissues. Moreover, as we see advantages of proper
implant positioning with the guided approach according to prosthetic plan containing the
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implant position and angulation and depth, resulting in the need of using appropriate
heights of the prosthetic abutments.

5. Conclusions

With the limitations of our study, we can conclude that either one and two-piece
NDIs can be successfully used to restore upper and lower lateral incisors with comparable
results within the two years of follow-up. However, it was not based directly on the results
of this study, but all presented cases were performed considering the digital approach;
thus, we conclude that the proper planning and positioning of dental implants may be the
crucial factor for functional as well as the esthetic results of implant treatment. A longer
observational study may be beneficial to support these preliminary findings.
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dation, E.B., S.M.M. and M.P;; formal analysis, S.M.M.; investigation, L.Z. and M.T.; resources, M.T,;
data curation, A.IL.; writing—original draft preparation, M.T.; writing—review and editing, L..Z,;
visualization, L.Z.; supervision, S.M.M.; project administration, MT. and B.G.; funding acquisition,
B.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research was approved by the Ethical Committee by
the Medical University of Warsaw, Poland. Approval code: AKBE/41/2021 at the 6 February 2023.

Informed Consent Statement: This study was conducted according to the principles embodied in
the Helsinki Declaration of 2013. Patients were informed about clinical procedures, materials to be
used, bene-fits, potential risks and complications, and their written informed consent was obtained
for the performed procedures. Medical data were anonymized so that patient cannot be identified.

Data Availability Statement: Additional data are available on request through the corresponding author.

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

References

1. Rose, L.E; Steinberg, B.].; Minsk, L. The relationship between periodontal disease and systemic conditions. Compend. Contin.
Educ. Dent. 2000, 21, 870-877. [PubMed]

2. Bascones-Martinez, A.; Gonzalez-Febles, J.; Sanz-Esporrin, J. Diabetes and periodontal disease. Review of the literature. Am. J.
Dent. 2014, 27, 63-67. [CrossRef] [PubMed]

3.  Ivanovski, S. Periodontal treatment and systemic conditions. Ann. R. Australas. Coll. Dent. Surg. 2012, 21, 81-84.

4. Boardman, N.; Darby, I.; Chen, S. A retrospective evaluation of aesthetic outcomes for single-tooth implants in the anterior
maxilla. Clin. Oral Implant. Res. 2016, 27, 443-451. [CrossRef] [PubMed]

5. Chen, S.T; Buser, D. Esthetic outcomes following immediate and early implant placement in the anterior maxilla—A systematic
review. Int. |. Oral Maxillofac. Implant. 2014, 29, 186-215. [CrossRef]

6.  Marcenes, W.; Kassebaum, N.J.; Bernabé¢, E.; Flaxman, A.; Naghavi, M.; Lopez, A.; Murray, C.]. Global burden of oral conditions
in 1990-2010: A systematic analysis. J. Dent. Res. 2013, 92, 592-597. [CrossRef]

7. Righolt, A.J.; Jevdjevic, M.; Marcenes, W.; Listl, S. Global-, Regional-, and Country-Level Economic Impacts of Dental Diseases in
2015. J. Dent. Res. 2018, 97, 501-507. [CrossRef]

8.  Draenert, FEG.; Huetzen, D.; Neff, A.; Mueller, W.E. Vertical bone augmentation procedures: Basics and techniques in dental
implantology. J. Biomed. Mater. Res. A 2014, 102, 1605-1613. [CrossRef] [PubMed]

9. Kiliaridis, S.; Sidira, M.; Kirmanidou, Y.; Michalakis, K. Treatment options for congenitally missing lateral incisors. Eur. J. Oral
Implantol. 2016, 1, S5-S24.

10. Rakhshan, V. Meta-Analysis of Observational Studies on the Most Commonly Missing Permanent Dentition (Excluding the Third
Molars) in Non-Syndromic Dental Patients or Randomly-Selected Subjects, and the Factors Affecting the Observed Rates. J. Clin.
Pediatr. Dent. 2015, 39, 199-207. [CrossRef]

11.  Moraschini, V.; Poubel, L.d.C.; Ferreira, V.; dos Sp Barboza, E. Evaluation of survival and success rates of dental implants reported
in longitudinal studies with a follow-up period of at least 10 years: A systematic review. Int. . Oral Maxillofac. Surg. 2015, 44,
377-388. [CrossRef] [PubMed]

12.  Mijiritsky, E.; Barone, A.; Cinar, I.C.; Nagy, K.; Shacham, M. 3D Considerations and Outcomes of Immediate Single Implant

Insertion and Provisionalization at the Maxillary Esthetic Zone: A Long-Term Retrospective Follow-Up Study of Up to 18 Years.
J. Clin. Med. 2021, 10, 4138. [CrossRef] [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/11908364
https://doi.org/10.4317/medoral.17032
https://www.ncbi.nlm.nih.gov/pubmed/25000662
https://doi.org/10.1111/clr.12593
https://www.ncbi.nlm.nih.gov/pubmed/25818351
https://doi.org/10.11607/jomi.2014suppl.g3.3
https://doi.org/10.1177/0022034513490168
https://doi.org/10.1177/0022034517750572
https://doi.org/10.1002/jbm.a.34812
https://www.ncbi.nlm.nih.gov/pubmed/23733418
https://doi.org/10.17796/1053-4628-39.3.198
https://doi.org/10.1016/j.ijom.2014.10.023
https://www.ncbi.nlm.nih.gov/pubmed/25467739
https://doi.org/10.3390/jcm10184138
https://www.ncbi.nlm.nih.gov/pubmed/34575248

J. Clin. Med. 2023, 12, 3711 11 0f12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Elnayef, B.; Monje, A.; Gargallo-Albiol, J.; Galindo-Moreno, P.; Wang, H.-L.; Hernandez-Alfaro, F. Vertical Ridge Augmentation in
the Atrophic Mandible: A Systematic Review and Meta-Analysis. Int. J. Oral Maxillofac. Implant. 2017, 32, 291-312. [CrossRef]
Meloni, S.M.; Jovanovic, S.A.; Pisano, M.; De Riu, G.; Baldoni, E.; Tallarico, M. One-stage horizontal guided bone regeneration
with autologous bone, anorganic bovine bone and collagen membranes: Follow-up of a prospective study 30 months after loading.
Eur. . Oral Implantol. 2018, 11, 89-95.

Tallarico, M.; Ceruso, EM.; 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] [PubMed]

Tallarico, M.; Park, C.J.; Lumbau, A.I.; Annucci, M.; Baldoni, E.; Koshovari, A.; Meloni, S.M. Customized 3D-Printed Titanium
Mesh Developed to Regenerate a Complex Bone Defect in the Aesthetic Zone: A Case Report Approached with a Fully Digital
Workflow. Materials 2020, 13, 3874. [CrossRef]

Gonzélez-Valls, G.; Roca-Millan, E.; Céspedes-Sanchez, ]. M.; Gonzélez-Navarro, B.; Torrejon-Moya, A.; Lépez-Lopez, ]. Narrow
Diameter Dental Implants as an Alternative Treatment for Atrophic Alveolar Ridges. Systematic Review and Meta-Analysis.
Materials 2021, 14, 3234. [CrossRef]

Apostolopoulos, P.; Darby, I. Retrospective success and survival rates of dental implants placed after a ridge preservation
procedure. Clin. Oral Implant. Res. 2017, 28, 461-468. [CrossRef]

Chen, S.T.; Darby, I.B.; Reynolds, E.C. A prospective clinical study of non-submerged immediate implants: Clinical outcomes and
esthetic results. Clin. Oral Implant. Res. 2007, 18, 552-562. [CrossRef]

Rafatowicz, B.; Wagner, L. Assessment of Hypodontia Treatment of Maxillary Lateral Incisors in Adult Patients After 9 Years of
Follow-up: A Retrospective Study. Int. ]. Prosthodont. 2019, 32, 9-13. [CrossRef]

Schiegnitz, E.; Al-Nawas, B. Narrow-diameter implants: A systematic review and meta-analysis. Clin. Oral Implant. Res. 2018, 29,
21-40. [CrossRef] [PubMed]

Tallarico, M.; Czajkowska, M.; Ciccit, M.; Giardina, F.; Minciarelli, A.; Zadrozny, L.; Park, C.-J.; Meloni, S.M. Accuracy of surgical
templates with and without metallic sleeves in case of partial arch restorations: A systematic review. J. Dent. 2021, 115, 103852.
[CrossRef] [PubMed]

Yi, Y,; Koo, K.T.; Schwarz, F; Ben Amara, H.; Heo, S.J. Association of prosthetic features and peri-implantitis: A cross-sectional
study. J. Clin. Periodontol. 2020, 47, 392-403. [CrossRef] [PubMed]

Judgar, R.; Giro, G.; Zenobio, E.; Coelho, P.G.; Feres, M.; Rodrigues, J.A.; Mangano, C.; lezzi, G.; Piattelli, A.; Shibli, ].A. Biological
width around one- and two-piece implants retrieved from human jaws. BioMed Res. Int. 2014, 2014, 850120. [CrossRef] [PubMed]
Spinato, S.; Galindo-Moreno, P.; Bernardello, F.; Zaffe, D. Minimum Abutment Height to Eliminate Bone Loss: Influence of
Implant Neck Design and Platform Switching. Int. ]. Oral Maxillofac. Implant. 2018, 33, 405-411. [CrossRef] [PubMed]

Blanco, J.; Pico, A.; Caneiro, L.; N6voa, L.; Batalla, P.; Martin-Lancharro, P. Effect of abutment height on interproximal implant
bone level in the early healing: A randomized clinical trial. Clin. Oral Implant. Res. 2018, 29, 108-117. [CrossRef] [PubMed]
Guo, T.; Gulati, K.; Arora, H.; Han, P.; Fournier, B.; Ivanovski, S. Race to invade: Understanding soft tissue integration at the
transmucosal region of titanium dental implants. Dent. Mater. 2021, 37, 816-831. [CrossRef]

Ivanovski, S.; Lee, R. Comparison of peri-implant and periodontal marginal soft tissues in health and disease. Periodontol 2000
2018, 76, 116-130. [CrossRef]

Khzam, N.; Arora, H.; Kim, P.; Fisher, A.; Mattheos, N.; Ivanovski, S. Systematic Review of Soft Tissue Alterations and Esthetic
Outcomes Following Immediate Implant Placement and Restoration of Single Implants in the Anterior Maxilla. J. Periodontol.
2015, 86, 1321-1330. [CrossRef]

Salvi, G.E.; Bosshardt, D.D.; Lang, N.P.; Abrahamsson, L; Berglundh, T.; Lindhe, ].; Ivanovski, S.; Donos, N. Temporal sequence of
hard and soft tissue healing around titanium dental implants. Periodontol 2000 2015, 68, 135-152. [CrossRef]

Pommer, B.; Mailath-Pokorny, G.; Haas, R.; Busenlechner, D.; Fiirhauser, R.; Watzek, G. Patients’ preferences towards minimally
invasive treatment alternatives for implant rehabilitation of edentulous jaws. Eur. J. Oral Implantol. 2014, 7, S91-5109. [PubMed]
Zadrozny, L.; Czajkowska, M.; Tallarico, M. Multi goal, guided approach as a minimally invasive treatment: A case report. J. Dent.
2022, 121, 104012. [CrossRef]

Assaf, A.; Saad, M.; Daas, M.; Abdallah, J.; Abdallah, R. Use of narrow-diameter implants in the posterior jaw: A systematic
review. Implant. Dent. 2015, 24, 294-306. [CrossRef]

de Souza, A.B.; Sukekava, F,; Tolentino, L.; César-Neto, ].B.; Garcez-Filho, ].; Aratjo, M.G. Narrow-and regular-diameter implants
in the posterior region of the jaws to support single crowns: A 3-year split-mouth randomized clinical trial. Clin. Oral Implant.
Res. 2018, 29, 100-107. [CrossRef] [PubMed]

Mouhyi, J.; Salama, M.A.; Mangano, F.G.; Mangano, C.; Margiani, B.; Admakin, O. A novel guided surgery system with a
sleeveless open frame structure: A retrospective clinical study on 38 partially edentulous patients with 1 year of follow-up. BMC
Oral Health 2019, 19, 253. [CrossRef]

Zhou, W.; Liu, Z.; Song, L.; Kuo, C.-1.; Shafer, D.M. Clinical Factors Affecting the Accuracy of Guided Implant Surgery—A
Systematic Review and Meta-analysis. J. Evid. Based Dent. Pract. 2018, 18, 28-40. [CrossRef]

Pozzi, A.; Tallarico, M.; Marchetti, M.; Scarfo, B.; Esposito, M. Computer-guided versus free-hand placement of immediately
loaded dental implants: 1-year post-loading results of a multicentre randomised controlled trial. Eur. J. Oral Implantol. 2014, 7,
229-242. [PubMed]


https://doi.org/10.11607/jomi.4861
https://doi.org/10.3390/ma12101710
https://www.ncbi.nlm.nih.gov/pubmed/31130717
https://doi.org/10.3390/ma13173874
https://doi.org/10.3390/ma14123234
https://doi.org/10.1111/clr.12820
https://doi.org/10.1111/j.1600-0501.2007.01388.x
https://doi.org/10.11607/ijp.5822
https://doi.org/10.1111/clr.13272
https://www.ncbi.nlm.nih.gov/pubmed/30328192
https://doi.org/10.1016/j.jdent.2021.103852
https://www.ncbi.nlm.nih.gov/pubmed/34656660
https://doi.org/10.1111/jcpe.13251
https://www.ncbi.nlm.nih.gov/pubmed/31912511
https://doi.org/10.1155/2014/850120
https://www.ncbi.nlm.nih.gov/pubmed/25050375
https://doi.org/10.11607/jomi.5604
https://www.ncbi.nlm.nih.gov/pubmed/28817742
https://doi.org/10.1111/clr.13108
https://www.ncbi.nlm.nih.gov/pubmed/29222809
https://doi.org/10.1016/j.dental.2021.02.005
https://doi.org/10.1111/prd.12150
https://doi.org/10.1902/jop.2015.150287
https://doi.org/10.1111/prd.12054
https://www.ncbi.nlm.nih.gov/pubmed/24977244
https://doi.org/10.1016/j.jdent.2022.104012
https://doi.org/10.1097/ID.0000000000000238
https://doi.org/10.1111/clr.13076
https://www.ncbi.nlm.nih.gov/pubmed/28994192
https://doi.org/10.1186/s12903-019-0940-0
https://doi.org/10.1016/j.jebdp.2017.07.007
https://www.ncbi.nlm.nih.gov/pubmed/25237668

J. Clin. Med. 2023, 12, 3711 12 0of 12

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Park, J.-Y.; Song, YW.; Park, S.-H.; Kim, J.-H.; Park, ].-M.; Lee, J.-S. Clinical factors influencing implant positioning by guided
surgery using a nonmetal sleeve template in the partially edentulous ridge: Multiple regression analysis of a prospective cohort.
Clin. Oral Implant. Res. 2020, 31, 1187-1198. [CrossRef]

Zadrozny, L.; Czajkowska, M.; Mijiritsky, E.; Wagner, L. Repeatability of Freehand Implantations Supported with Universal
Plastic Sleeves-In Vitro Study. Int. ]. Environ. Res. Public Health 2020, 17, 4453. [CrossRef] [PubMed]

Tallarico, M.; Kim, Y.J.; Cocchi, F.; Martinolli, M.; Meloni, S.M. Accuracy of newly developed sleeve-designed templates for
insertion of dental implants: A prospective multicenters clinical trial. Clin. Implant. Dent. Relat. Res. 2019, 21, 108-113. [CrossRef]
Mattheos, N.; Vergoullis, I.; Janda, M.; Miseli, A. The Implant Supracrestal Complex and Its Significance for Long-Term Successful
Clinical Outcomes. Int. . Prosthodont. 2021, 34, 88-100. [CrossRef]

Kraus, R.D.; Espuelas, C.; Himmerle, C.H.E; Jung, R.E,; Sailer, I.; Thoma, D.S. Five-year randomized controlled clinical study
comparing cemented and screw-retained zirconia-based implant-supported single crowns. Clin. Oral Implant. Res. 2022, 33,
537-547. [CrossRef] [PubMed]

Ma, S.; Fenton, A. Screw- versus cement-retained implant prostheses: A systematic review of prosthodontic maintenance and
complications. Int. J. Prosthodont. 2015, 28, 127-145. [CrossRef] [PubMed]

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

Youssef, A.; Hobeiche, ].; El Zoghbi, A.; Mortada, R.; Salameh, Z. Bruxism and implant: Where are we? A systematic review. Bull.
Natl. Res. Cent. 2022, 46, 172. [CrossRef]

Tecco, S.; Grusovin, M.G; Sciara, S.; Bova, F; Pantaleo, G.; Capparé, P. The association between three attitude-related indexes of
oral hygiene and secondary implant failures: A retrospective longitudinal study. Int. J. Dent. Hyg. 2018, 16, 372-379. [CrossRef]
[PubMed]

Montemezzi, P; Ferrini, F.; Pantaleo, G.; Gherlone, E.; Cappare, P. Dental Implants with Different Neck Design: A Prospective
Clinical Comparative Study with 2-Year Follow-Up. Materials 2020, 13, 1029. [CrossRef]

Tallarico, M.; Caneva, M.; Meloni, S.M.; Xhanari, E.; Omori, Y.; Canullo, L. Survival and Success Rates of Different Shoulder
Designs: A Systematic Review of the Literature. Int. ]. Dent. 2018, 2018, 6812875. [CrossRef]

Gherlone, E.F,; Capparé, P; Pasciuta, R.; Grusovin, M.G.; Mancini, N.; Burioni, R. Evaluation of resistance against bacterial
microleakage of a new conical implant-abutment connection versus conventional connections: An in vitro study. New Microbiol.
2016, 39, 49-56.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/clr.13664
https://doi.org/10.3390/ijerph17124453
https://www.ncbi.nlm.nih.gov/pubmed/32575839
https://doi.org/10.1111/cid.12704
https://doi.org/10.11607/ijp.7201
https://doi.org/10.1111/clr.13913
https://www.ncbi.nlm.nih.gov/pubmed/35224774
https://doi.org/10.11607/ijp.3947
https://www.ncbi.nlm.nih.gov/pubmed/25822297
https://doi.org/10.1016/j.prosdent.2015.08.026
https://doi.org/10.1186/s42269-022-00852-7
https://doi.org/10.1111/idh.12300
https://www.ncbi.nlm.nih.gov/pubmed/28696070
https://doi.org/10.3390/ma13051029
https://doi.org/10.1155/2018/6812875

	Introduction 
	Materials and Methods 
	Patient Selection 
	Surgical Protocol 
	Prosthetic Protocol 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

