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Abstract: Stabilization of dental implants in the sinus region with a bone height below 4 mm gen-
erally requires a two-stage sinus floor elevation surgery. To improve this aspect, the aim of this
retrospective study was to demonstrate the feasibility of performing a one-stage maxillary sinus
augmentation using an innovative self-condensing implant design, even in case of a bone height
close to 2 mm. Clinical and radiological outcomes from 54 patients (26 females; 28 males; 69 total
implants positioned) were analyzed 3 years post-surgery. The three-dimensional grafts change was
evaluated by Cone-Beam Computed Tomography (CBCT) before surgery (T0), immediately after
surgery (T1), and 1-year post-surgery (T2). The sinus floor levels measured at the medial (M-W),
middle (MD-W), and lateral (L-W) walls reported: M-W of 1.9 + 2.4 mm (T1) and 1.7 + 2.6 mm (T2);
MD-W of -0.1 +2.7 mm (T1) and 0.7 + 2.4 mm (T2); L-W of 3.1 £ 3.0 mm (T1) and 3.1 + 3.0 mm (T2);
besides a bone crest height (C-F) of 4.6 + 2.0 mm (T1) and 12.1 + 1.4 mm (T2). Moreover, after 3 years
only 1 implant was lost, and so an implant survival rate of 98.55% was recorded. In conclusion,
these results suggest the efficacy of using this implant design for a one-stage sinus lift approach,
not only in terms of increased implant survival rate and decreased marginal bone loss, but also for
its potential applicability in case of reduced bone height.

Keywords: biomaterial; cone-beam computed tomography; maxillary sinus augmentation;
xenografts; one-stage sinus augmentation; self-condensing implants

1. Introduction

The implant placement in the posterior maxilla region could be considered clinically
challenging in case of severe atrophy of the edentulous crestal bone and pneumatization
of the maxillary sinus [1,2]. Indeed, the reduced amount and quality of the bone require
more technical, sensitive procedures that imply additional biological costs, treatment
time, and increased morbidity [3,4]. The bone augmentation of the atrophic maxilla can
be performed using a sinus lifting technique, as introduced by Tatum in 1986 [5], that
generally requires an healing time of 6-9 months before implant insertion [6].
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Different biomaterials are currently used for bone regeneration and, according to
their origin, they can be classified in: autologous, homologous, heterologous, and
alloplastic [7-10]. Many reviews assessed the significant advantages of using a
combination of different grafting materials during bone augmentation procedures for a
better new bone formation, and the scaffold origin seems to be not a determinant criterion
for this aim [7,8,11]. Rather, different anatomical factors may influence the new bone
formation, especially in the posterior upper maxilla. For example, the healing and
mineralization of the bone substitutes are negatively correlated with the width of the
bucco-palatal sinus, the width of the bony window during lateral sinus augmentation,
and with a reduced crestal height. Moreover, another critical factor that could influence
the bone formation and the grafting success is vascularization [12,13].

In the last years, many different surgical techniques have been developed to treat the
atrophic maxilla. Sinus grafting and implant placement can be performed simultaneously
(one-stage) or in a delayed approach (two-stage). The choice is determined by the amount
of the residual crestal bone height (RBH). In case of crestal bone height less than 3-4 mm,
a two-stage implant placement is generally indicated with a time interval of 6-8 months
between the bone augmentation and the implant insertion [13]. Conversely, crestal native
bone height more than 3-4 mm is usually considered sufficient to provide an adequate
mechanical stability (> 25 Ncm) for the simultaneous implant placement and the sinus
elevation [14]. However, several studies reported no statistically significant differences
between implants positioned simultaneously with sinus augmentation versus a two-stage
technique [12,13].

Primary stability has been recognized as a determinant criterion to achieve an
effective bone-implant osseointegration [15]. In fact, the one-stage approach requires a
sufficient fixture stability in order to ensure the organization of the bone clot, avoiding
micromovements of the implant and improving new bone formation and the graft
osseointegration [16].

According to Lundgren et al. [17], two sinus floor elevation approaches can be
considered, aiming at increasing the bone height in the posterior maxilla for the insertion
and integration of dental implants. A transcrestal sinus floor method is recommended in
situations with a sufficient width for the implant placement and a RBH > 5 mm, whereas
a lateral sinus floor elevation method is indicated when < 5-mm height of bone is available
and several teeth are to be replaced, with or without the use of grafting materials.
Moreover, a one-stage procedure is preferred since a high primary stability and a time-
saving in implant placement can be ensured. Recently, a novel self-condensing implant
design (Sinus-Plant, Oralplant Suisse, Mendrisio, Switzerland) has been proposed to
improve the primary stability of dental implants inserted in the posterior maxilla with a
limited residual native bone height [18]. As for other similar implants, this particular
tronco-conical morphology allows an optimal bone preservation by creating a compact
layer of bone along the surface of the osteotomy and providing a conical coupling between
the implant and the bone [19,20]. The narrow threading further increased the bone-
implant contact, helping to control the implant progression in low-height bone, limiting
peak stress and practicing a controlled lateral osseocondensation. Moreover, the rounded
apex with a lapping surface limits the impacting insertion of the implant towards the sinus
membrane. Additionally, through this conometric procedure coupling implant and bone,
it is possible to combine a safe barrier against bacterial infiltrations reaching an excellent
stability, and, at the same time, the Switching Platform connection reduces peri-implant
bone resorption cones and allows for the abutments to be easily removed, if necessary.

Based on this evidence, the aim of the present retrospective study was to evaluate the
3-year follow-up clinical and radiographical outcomes of an innovative dental implant
design, which could allow to obtain simultaneously (one-stage approach) an increase in
sinus maxilla and the implant insertion, even in challenging scenarios, such as with bone
heights close to 2 mm.
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2. Materials and Methods
2.1. Study Design

This study was conducted according to the guidelines of the Declaration of Helsinki
and the Good Clinical Practice Guidelines.

The present retrospective study included adult patients who spontaneously came to
the clinic in need of a partial restoration of the atrophic posterior maxilla. All of them
underwent maxillary sinus augmentation procedures, which required the use of different
bone grafts, depending on the case and the availability of the product, and implant sizes,
according to the position and the residual bone height. Subsequently, patients have been
followed for 3 years after implant placement, and data was recorded prior to the surgery
(T0), immediately after surgery (T1), after 1 year (T2), and at the end of the 3-year follow-
up. Inclusion and exclusion criteria were drawn up as follows:

- Inclusion criteria

e  Patients over 18 years of age;

e Patients undergoing a lateral or transcrestal approach of maxillary sinus floor
augmentation with simultaneous implant placement;

e Patients in general good health and with no history of systemic diseases or
medications that could interfere with the surgical treatment;

e  Patients compliant with a supportive maintenance therapy after maxillary sinus
floor augmentation procedures.

- Exclusion criteria

e  Patients with active infection or disease affecting bone metabolism and wound
healing;

e  Patients with active oral infection, such as untreated pockets on natural teeth or
periapical fistulas;

e  Patients who have undergone radiotherapy in the craniofacial region within the
past 12 months;

e  Patients with systemic diseases that could compromise osseointegration, such
as untreated diabetes;

e  Patients with a history of maxillary sinusitis or sinus surgery;

e  Patients who regularly used steroids or other drugs involved in bone turnover;

e Patients who were pregnant or breastfeeding;

e  Patients who smoked more than 10 cigarettes/day.

Surgeries were performed by a single clinical surgeon, Dr. Luca Comuzzi, the first
author of this work, in his private dental practice in Conegliano Veneto (TV), Italy.

Each surgery consisted of a one-stage implant placement and a sinus augmentation
via the lateral window technique or the transcrestal approach. The choice of the sinus
augmentation approach was made on the basis of the preoperative radiographic
evaluation that evidenced both the bone quality and quantity. If the RBH ranged from 1.0
to 5.0 mm, a lateral technique was performed. On the contrary, if the RBH was included
between 5.1 and 9.0 mm, a transcrestal protocol was applied.

The main characteristics of the study population are described in Table 1.
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Table 1. Characteristics of the study population.

Population N
Age (mean) 61.6 £11.2 years
Patients (Gender) 54 (26 female; 28 male)
RBH 451 +2.14 mm
Smokers (<10 cig/die) 6/54 patients
Surgical approach 23 Transcrestal
31 Lateral

Consequently, the lateral approach for the sinus augmentation was used to insert 46
implants in 31 patients, and the transcrestal one was performed in 23 patients for a total
of 23 implants. Specifically, the study comprehended a total of 69 dental implants named
Sinus-Plant (Oralplant Suisse, Mendrisio, Switzerland) with a width of 4.5 mm and a
length ranging from 9 to 11 mm, which were inserted in 54 adult patients (26 female; 28
male), according to the implant size and position (Table 2) and to the bone graft used
(Table 3).

Table 2. Implant distribution according to the implant size and position.

10 mm x 4.511 mm x 4.5

Implant Size and Position9 mm x 4.5 mm p Value
mm mm
Molars 1 (1.45%) 20 (28.98%) 43 (62.32%) p>0.05
Premolars - 2 (2.90%) 3 (4.34%) p>0.05
Total 1 (1.45%) 22 (31.88%) 46 (66.67%) -

Table 3. Implant distribution according to the bone graft.

Bone Graft Surgical Sites
Kyeron 15
Mix Tutobone, Skeligraft (50:50)
Mix Autologous graft, Tutobone, Bioresorb (20:40:40)
Putty Osteobiol
Autologous graft
Mix Tutobone, Bioresorb (70:30)
Antemi
Mix Putty Osteobiol, Tutobone, Skeligraft (60:20:20)
Fibrin sponge
Mix Apathos Osteobiol, Tutobone, Bioresorb (40:40:20)
Mix Bioresorb, Putty Osteobiol 30:70
Mix Autologous graft, Skeligraft 80:20
Mix Tutobone, Putty Osteobiol 50:50
Mix Autologous graft, Gel 40 Osteobiol, Bioresorb 20:40:40
Mix Autologous graft, Putty Osteobiol 10:90
Mix Apathos, Gel 40 Osteobiol
Mix Autologous graft, Bioresorb 50:50
Total

—_
o

_o = e = = =N W W WO N oo
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&

2.2. Implant Characteristics

The characteristics of the Sinus-Plant implants (Oralplant Suisse, Mendrisio, Switzer-
land) have been previously described [20]. Briefly, these implants were characterized by:
a tronco-conical shape macromorphology; a titanium lapping surface at the implant
rounded apex, able to preserve the Schneiderian membrane integrity; a thread design with
a narrow inter-thread distance of 0.4 mm, limiting stress and promoting progressive bone
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expansion and osseodensification; a Titanium Pull Spray Superficial (TPSS) implant sur-
face (Figure 1). Furthermore, the conometrical prosthetic joint with a switching platform
[21,22] helps limiting the marginal bone level alteration and offers a better sealing to re-
duce bacterial colonization in respect to other connections [18,23].

Figure 1. Detail of the Sinus-Plant implants with a troncoconical macro-morphology.

2.3. Surgical Procedure

All patients underwent the same pre- and post-surgical protocol. The local anesthesia
was induced by infiltration of 2 mL of Articaine 4% (40 mg/mL) and 1:100000 Adrenalin.
Full thickness mucoperiosteal flaps were raised by means of an intrasulcular and two ver-
tical incisions.

Figure 2 was chosen as representative of the lateral surgeries performed and to show
the only implant different from Sinus-Plant ones, which was inserted as part of a bridge.
In this particular case, where three contiguous implants with different RBH were present
and for which a different surgical approach should be suggested, the surgeon decided to
perform a lateral approach to insert all the implants.

Figure 2. Clinical phases of the lateral sinus augmentation procedure performed. (A) Schneiderian
membrane detached from the sinusal walls and elevated. (B) Bone grafting and implant site drilling
preparation. (C) Two Sinus-Plant implants were positioned in very low basal bone height (about 2
mm), whereas one cylindrical implant (which is not part of the study) was inserted where the bone
height was higher than 5 mm. (D) Covering of the lateral bony wall by a resorbable collagen mem-
brane, before suturing of the flaps and the insertion of the healing abutments. (E) Soft tissue condi-
tioning and removal of the healing abutments. (F) Periapical RX scan performed after the implants'
healing period (the two Sinus-Plant implants on the right).
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The lateral window technique for the sinus augmentation was performed by using a
1:200000 rotary handpiece and a 2 mm round diamond bur [24]. Then, the bony window
was overturned into the sinus and the membrane was elevated. The integrity of the
Schneiderian membrane was ensured by covering it with a resorbable membrane (Cyto-
plast, RTM Collagen Membrane), and, later, the bone substitute was inserted into the si-
nus. As listed in Table 3, different grafting materials were used in this study, and another
resorbable membrane (Cytoplast) covered the lateral bony wall. At the end, the flaps were
sutured.

In both the sinus augmentation techniques, a 2 mm pilot drill was used to perforate
the alveolar crest and then, twist drills of increasing diameters of the Sinus Oralplant drill
kit were employed to enlarge the diameter of the osteotomy. Even the osteotomy drills
presented a bunt apex to preserve the Schneiderian membrane during the preparation
procedure. In performing the elevation techniques, the surgeon preferred to not involve
the use of osteotomes that can fracture the internal cortex, but he rather used techniques
that consumed the internal cortex, such as Ferdinando Cosci’s technique [25] or the
VERSAH osseodensifying approach, conceived in 2013 by Huwais S. [26].

The Insertion Torque values (IT) were measured during the implant placement with
a surgical dynamometric wrench ratchet, according to the implant system protocol [27,28].
In all surgeries, IT values >25 Ncm were found, and so a one-stage sinus augmentation
has been performed. As a result, 3-, 4-, 5- and 6-mm length prefabricated healing abut-
ments were placed. The dimension of such abutments was selected according to the thick-
ness of the keratinized mucosa. Figure 3 shows a Cone-Beam Computed Tomography
(CBCT) scan (NewTom Giano HR, Cefla, Imola, Italy) performed immediately post-sur-
gery. Sutures were removed 10 days after surgery.

Figure 3. Post-operative CBCT scan after the surgical procedure and implant positioning. Measure-
ments were taken on implants placed in 26 and 27 implant sites (Sinus-Plant implants).

All the patients were advised to follow a soft diet for at least 4 weeks and to undergo
antimicrobial prophylaxis with Amoxicillin 825 mg and Clavulanic Acid 125 mg (Aug-
mentin, GlaxoSmithKline, England) twice daily for 6 days, starting on the morning of the
surgery. Ketoprofen 80 mg (OKI, Dompé, Italy) was prescribed as analgesic, twice daily
for 3-4 days, as needed. Sixty days after surgery, periapical x-rays were taken only to
check if the osseointegration process has become established; then, provisional or defini-
tive crowns were placed 6 months after the procedure. 6 months after surgery, the
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technicians created temporary bridges, cemented in the case of 2 or more implants (24
patients and 25 bridges), with silicone impression material with pick-up abutments on
prefabricated cylindrical abutments screwed to 25 N. After 7 months from the procedure,
the abutments were tightened (40 N), and, finally, the dental impressions were recorded
using a custom trays and polyvinylsiloxane impression material. The definitive metal (co-
balt-chrome)/ceramic crowns were fixed with provisional cement (TempBond: Kerr Corp.
Orange, CA, USA) approximately 8 months after the implant insertion. For multiple con-
tiguous implants, the crowns were fabricated from metal-ceramic and then splinted. The
single prosthetic crowns were made in lithium-disilicate material. All final restorations
were placed in full occlusion and first checked with a 20-micron thickness articulated pa-
per and then, with an 8-micron thickness Shimstock foil (Almore International; Portland,
OR, USA). All the patients were recalled for a professional cleaning treatment by a dental
hygienist every 3 months.

Study data were recorded before surgery, immediately after surgery, and after 12 and
36 months during the maintenance regimen, using the paralleling technique to take peri-
apical digital x-rays. The peri-implant bone level changes were considered as variation of
the distance between the implant-abutment junction and the highest coronal point of the
supporting bone. Measurements were recorded in the mesial and distal areas of the im-
plant and then, averaged.

2.4. Tomographic Examination

All measurements were performed in random order by two independent examiners,
according to a previously described technique by Kawakami et al. [29-34].

A Cone-Beam Computed Tomography (CBCT) scan was performed at TO (pre-sur-
gery), at T1 (immediately post-surgery), and at T2 (after 1 year). The distance between the
center of the bone crest and the base of the maxillary sinus floor (C-F) on the coronal view
were determined at TO and T2, using the NNT software package (NewTom, Cefla, Imola,
Italy). Furthermore, the distance between the highest position of the bone/xenograft tissue
and a horizontal reference line, drawn following the floor of the nose (X axis), was also
measured on the coronal view at T1 and T2, considering the following anatomical land-
marks (Figures 4 and 5) [29-34]:

(a) medial sinus floor level (M-W);
(b) middle sinus floor level (MD-W);
(c) lateral sinus floor level (L-W).

MD-W

A
v

MD-W | .y

M-W,

A
v

Figure 4. Detail of tomographic measurements before surgery (left) and after implant positioning
(right). In both images, measurements were taken at the medial (sinus floor level at M-W), middle
(sinus floor level at MD-W), and lateral (sinus floor level at L-W) level.
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Figure 5. Detail of the prosthetic finalization after the occlusion check.

2.5. Statistical Analysis

The sample size calculation has been performed by the One-Way Analysis of Vari-
ance (ANOVA)-repeated measures [effect size: 0.16, o err: 0.05; power (1-B): 80%, N:4].
The minimum number of implants needed for a statistically significant output was 56
units, whereas a total of 69 implants was considered for the present retrospective study.
Statistical analysis of the peri-implant bone level changes was performed by the ANOVA
test, followed by the Tukey HSD multiple comparison test for post hoc comparison. After
evaluating that the data for C-F were normally distributed (Kolmogorov-Smirnov test),
the mean values at TO and T2 were calculated and then, compared using a paired t-test. A
multiple linear regression approach was used to assess the significance of the study vari-
ables.

Data for the maxillary sinus floor level (at M-W, at MD-W and at L-W) were not nor-
mally distributed. Therefore, after averaging T1 and T2 values, the data sets were com-
pared using non-parametric Wilcoxon Signed Rank tests. Values were expressed as mean
+ SD. Statistical evaluation was performed by the SPSS software package (IBM, Armonk,
NY, USA). The « level was set at 0.05 for all tests and p-values < 0.05 were considered
statistically significant.

3. Results

The enrollment period of the patients lasted 22 months, from September 2016 to July
2018. 54 patients were enrolled and treated using 69 implants.

All the patients presented a type IV bone density, and all implants were characterized
by an IT value >25 Ncm, so it was possible to proceed with immediate prefabricated heal-
ing abutments, without the need for a submerged healing period.

3.1. Implant Survival Rate

One implant fixture was lost after 14 months in a smoker patient, owing to the im-
plant mobility after loading. The remaining implants (68) arrived at the end of the 3-year
follow-up. A total of 1 implant was lost (implant size 11 x 4.5 mm), with a cumulative
survival rate (CSR) of 98.55% after 36 months.

3.2. Surgical Complications

A total of 2 surgical complications were reported, one with sinus lateral approach
and the other with the transcrestal approach. Both the small membrane perforations were
treated by covering them with a bioresorbable membrane (Cytoplast, RTM Collagen
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Membrane). Subsequently, at a follow-up of 36 months, no implant failures were reported
for either patient.

No fractures or loosening of abutments or prosthetic screws were reported during
the study.

3.3. Marginal Bone Level Changes

Readable periapical radiographs were obtained for 54 patients after 36 months. At
the end of the observational period, the bone level was, on average, 0.78 + 1.06 mm below
the implant apex (Table 4). A total of four implants showed bone levels exceeding 3 mm.

Table 4. Changing levels of the marginal bone around the implant positioned in the grafted sinus.

6 Months 12 Months 36 Months
Minimum 0.22 0.31 1.01
Maximum 0.90 0.93 3.06
Mean 0.53 0.78 1.70
Std. Deviation 0.06 0.06 0.16

p>0.05 ANOVA and Tukey’s post-hoc test.

3.4. Cone-Beam Computed Tomography Assessment

The CBCT scans were obtained at T0, immediately post-surgery (T1), and at the 1-
year follow-up (T2). The mean bone crest height (C-F) was 4.6 £ 2.0 at TO and 12.1+ 1.4 at
T2 (p < 0.001). The sinus floor levels at M-W were 1.9 + 2.4 at T1 and 1.7 £ 2.6 at T2 (p >
0.05). The measurements for the sinus floor level at MD-W were -0.1 £ 2.7 at T1 and 0.7 +
2.4 at T2 (p = 0.004), whereas the sinus floor levels at L-W were 3.1 + 3.0 at T1 and 3.1 £ 3.0
at T2 (p > 0.05) (Figure 6, Tables 5 and 6).
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Figure 6. (A) Data of the bone crest height (C-F) collected at TO and T1, and (B) data of the sinus
floor level at medial (M-W), (C) middle (MD-W), and (D) lateral (L-W) aspects collected at T1 and
T2, graphically summarized in boxplots. The central line in the boxes represents the median, and
the boxes represent the middle distribution of values (ranging from the 25th to the 75th percentile).
The whiskers show the extent of the data. Empty circles represent outliers.

Table 5. Mean values and standard deviations (SD) of the distances between the bony crest center
and sinus floor base (C-F) calculated at TO and T2.

Bone Crest Height (C-F)

Ti .

imepoints (mm) + SD
T0 46°+20

T2 1212+14

b Same superscript letters indicate not statistically significant differences.

Table 6. Mean values and standard deviations (SD) for the sinus floor levels at the medial (M-W),
middle (MD-W), and lateral (L-W) aspects calculated at T1 and T2.

Sinus Floor Level at Sinus Floor Level at  Sinus Floor Level at
Medial Aspect (M-W) Middle Aspect (MD-W) Lateral Aspect (L-W)
(mm) £ SD (mm) £ SD (mm) + SD
T1 1.92+24 -01b+27 3.12+3.0
T2 1.72+£2.6 072424 3.12+3.0

b Same superscript letters indicate not statistically significant differences.
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4. Discussion

The decision workflow for the implant rehabilitation of the atrophic maxillary region
depends on anatomic factors, such as bone quality and quantity [12]. Traditional ap-
proaches for inserting an implant of at least 10 mm in length include the use of the tran-
screstal sinus lift, in cases of 5-8 mm of RBH, and the lateral wall technique, in cases of
less than 5 mm of RBH. From the literature, it has been shown that the simultaneous im-
plant insertion (one-stage protocol) is only possible with a RBH of at least 3 mm, whereas,
in cases of lower values, a second surgery is required to insert the implant after the end of
a healing period, so it is compatible with the bone formation [17]. However, Mardinger et
al. in 2007 suggested that it was possible to proceed with the one-stage protocol also with
1-3 mm of RBH by carefully planning the case and the clinical procedure [35].

On these bases, the objective of the present retrospective study was to evaluate the 3-
year follow-up clinical and radiographic results of the use of an innovative reverse tronco-
conical implant design [18], which could allow to obtain at the same time (one-stage ap-
proach) a maxillary sinus augmentation procedure through transcrestal or lateral ap-
proaches and the implant insertion, even in challenging scenarios, such as with bone
heights close to 2 mm. All sites included in this study were classified as type IV, according
to Lekholm & Zarb [36]. Triches et al. recently evidenced the importance of preoperative
identification of bone type IV in order to avoid the risk of early implant failures due to the
sub-preparation of the implant site, the bicortical anchorage, the submerged positioning
of the fixture, the need of a two-stage protocol, the immediate or early loading, and the
use of implants with surface treatments [37].

All implants included in this retrospective study were characterized by IT values >
25 Ncm, and, therefore, despite the poor bone quality of the residual bone, the immediate
insertion of the healing screw was allowed. The IT value is a key element for the achieve-
ment of osseointegration, and it influences the decision workflow of the implant loading
protocols [38,39]. Indeed, the presence of an adequate primary stability enables to avoid
micromovements >150 pum, which have a detrimental effect on bone formation around the
implant surface [40]. Furthermore, the IT value is a mechanical parameter that is mainly
influenced by the surgical procedure, the implant design, and the bone quality at the im-
plant site [41]. Considering that all sites were characterized by a low quality of the bone,
the good primary stability of these implants was a direct consequence of the Sinus-Plant
implant design [18] that led to the osseodensification of the bone during the insertion pro-
cedure protocol [27,28]. In addition to the use of this type of implants, the one-stage ap-
proach allowed to stabilize the implant up to bone heights close to 2 mm, reducing the
morbidity and giving the main advantage of reducing the total time for the final resolution
of the case. In fact, the sinus lift procedure, the implant insertion, and the healing screw
connection could be completed in a single time.

One major limitation of this study is that one implant, different from Sinus-Plant in
shape and in the type of bone where inserted, was included to hold a bridge in place to-
gether with other two Sinus-Plant implants. Given the retrospective nature of the present
study, unfortunately, it is not possible to consider and discuss the relative importance of
this implant in the long-term implant stability results, even though it is plausible that it
could contribute to the stability of the bridge.

The heterogenicity of the biomaterials and bone grafts used represented another lim-
itation of the present study, although the key rationale of the study was to investigate the
effect of the self-condensing dental implant design, simultaneously associated with a re-
generative sinus lift surgical approach. However, the different bone substitutes did not
affect the implant success parameters or produce significant differences in marginal bone
loss over time. In particular, the height of the bone crest at the end of the surgeries signif-
icantly increased, with a mean of 12.1 + 1.4 mm , when a first average of 4.6 + 2.0 mm was
measured before the surgical procedures. Consequently, the average bone height gained
was 7.5 mm. The calculated bone gain, associated to the sinus augmentation procedure
and achieved through the transcrestal and lateral sinus lift procedures, was comparable
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to data from studies that considered only the lateral approach (Sanchez-Recio et al. [42]
measured an average bone gain of 7.2 mm).

In addition, in literature it was showed that the traditional transcrestal approach al-
lowed a sinus floor elevation up to 5 mm in order to preserve the membrane integrity [43].
Accordingly, another important advantage of the Sinus-Plant design is the titanium lap-
ping surface at the rounded apex, which allowed to preserve the Schneiderian membrane
integrity, despite the great sinus elevation. Only two cases (2.89%) of small membrane
perforations occurred, but they were immediately covered with a resorbable membrane.
In this regard, it is important to highlight that membrane perforations have been reported
in literature as a very frequent occurrence that can happen in the 25% of sinus lift proce-
dures. These data are significantly higher in respect to our percentages [17]. Despite the
literature supporting more bone formation when a collagen membrane was applied on a
sinus mucosal perforation, it should be taken into account that there are also some re-
searchers opposing the absolute need of such a procedure to enhance new bone formation
and speculating that it could jeopardize the healing of the mucosal rupture [44,45].

A recent review of Lundgren et al. evidenced that the first year of function after sinus
floor elevation is crucial for implant survival, because the failure rate is higher during this
period [17]. In this case, only one implant was lost for early osseointegration failure within
the sixth month. After 14 months, a second implant was lost due to the implant mobility
starting from the fourth month after loading. Even though both implants failed within the
third year of follow-up, they reached an optimal primary stability (IT > 30 Ncm) after be-
ing placed in concomitance with lateral sinus elevation. Interestingly, they were both in-
serted in smoker patients (<10 cigarettes/day) who also referred bruxism and clenching
parafunctions. These factors turned out to be crucial because smoking, as also reported by
other authors [18], is claimed to be the main significant risk factor for early implant fail-
ures; additionally, bruxism favors mechanical complications without increasing the risk
for biological ones [46,47]. However, there are also other factors affecting implant or sinus
augmentation failures, such as the appropriate experience and training of the operator
[48]. In this retrospective study, the cumulative survival rate of the implants reached the
100% and the 98.55% at baseline and after 3 years of follow-up, respectively, with only
one implant failure. These values were significantly higher in respect to that reported by
Mordenfeld et al. [49] (91.7%, 90.7%, 86.1%, and 86.1% at the placement, at 1 year post-
loading, after 1-2 years, and 2-3 years, respectively), and by Pjetursson et al. [50], who
reported an annual implant failure rate of 3.48% by using the lateral approach, and a 3-
year survival rate of 90.1%, but reached 98.3% with the use of treated surface implants
and a membrane to cover the lateral window. In a more recent retrospective study, Park
et al. [2] reported an acceptable survival (95% and 85% at 10- and 20-year follow-up, re-
spectively) of implants placed in residual bone height <3 mm using a similar lateral sinus
lift approach. Although the follow-up period was longer than 3 years, the insertion of
Sinus-Plant implants with a one-stage technique reported a higher cumulative survival
rate just after 36 months, confirming the advantage to reach a good primary stability, even
in challenging bone height conditions.

As regards the Sinus-Plant implants inserted through the transcrestal approach, no
losses were reported in the 3 years. These results seemed noteworthy, because they were
higher in respect to the 98% (95% CI 96% to 100%) survival rate reported by Yan et al. in
2017 [51]. In addition, the marginal bone loss rates recorded by the same authors were
higher than these levels found after 6, 12, and 36 months. Furthermore, the changing levels
of the marginal bone after 3 years of follow-up (0.78 + 1.06 mm) showed results that were
almost halved if compared to that of Si et al. [52] in a transcrestal sinus lift with and with-
out bone graft (1.33 + 0.46 and 1.38 + 0.23, respectively). Similarly, the values reported in
the present study were also lower in respect to those of Mordenfeld et al. [49], who per-
formed the sinus augmentation through the lateral wall technique. The low marginal bone
loss values could be attributed to the conometric switching platform connection of this
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type of implants that ensured a better antibacterial sealing, which is a well-known key
factor in bone loss, in respect to other connections [23,53].

5. Conclusions

The process of osseodensification occurring with the insertion of Sinus-Plant im-
plants was related to the self-condensing tronco-conical implant design, which also en-
sured a sufficient clinical primary stability for an immediate positioning of the fixture in
sinus grafting procedures (one-stage approach), even with a bone height close to 2 mm
and a low bone quality, as an alternative to a two-stage approach. The implants macro-
morphology allowed to reach a higher amount of sinus elevation, without increasing the
risk of membrane perforations. Moreover, the marginal bone loss was minimized, thanks
to the conometric prosthetic connection, in order to ensure a better gingival maintenance
and a reduced patient morbidity.

Within the limitations of this retrospective study, the association of this novel im-
plant design with a one-stage sinus lift approach showed a high survival rate and also a
low marginal bone loss after 3 years of follow-up. Further experimental studies with a
higher number of cases and a longer follow-up time will be necessary in the future in
order to confirm the findings of the present investigation.
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