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Abstract: After tooth loss, particularly in the posterior maxilla, the alveolar ridges undergo bone
resorption. Therefore, ensuring the appropriate quantity and quality of alveolar bone is crucial for
accurate implant positioning and achieving optimal esthetic and functional results. This study aimed
to evaluate biomechanical parameters (insertion torque: IT, removal torque: RT, and implant stability
quotient: ISQ) of distinct truncated cone implant designs (Sinus-plant and SLC) on polyurethane
blocks simulating type D3 and D4 bone. SLC implants exhibited significantly higher IT, RT, and ISQ
values compared to Sinus-plant implants, except in the 10 pounds per cubic foot (PCF) density block
with a cortical layer for the IT (24.01 ± 0.91 vs. 23.89 ± 1.66 Ncm). The IT values for SLC implants
ranged from 13.95 ± 0.19 Ncm in the lowest density block to 37.94 ± 0.45 Ncm in the highest density
block, consistently providing significantly higher primary stability with an ISQ of approximately
70 in the highest density block. Despite lower ISQ in the lowest density block (48.60 ± 0.52 and
48.80 ± 0.42 in buccolingual and mesiodistal directions), it was deemed acceptable considering
the inadequate bone densities in the maxillary region. These findings on SLC suggest potential
clinical advantages, including reduced procedure duration and costs, improved stability, and the
possibility of immediate implant placement following sinus augmentation, thereby streamlining the
rehabilitation process.

Keywords: dental implants; maxillary sinus lift; primary stability; polyurethane; truncated cone
implants; morse cone connection; healing chambers

1. Introduction

The long-term stability of dental implants hinges upon the establishment of a close
and dynamic relationship between the implant surface and the surrounding bone [1]. This
relationship is directly influenced by factors such as the initial stability of the implant,
the quality and quantity of the bone tissue, the macro- and micro-design of the implant,
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surface characteristics, and thread profile. These factors collectively play a pivotal role in
facilitating successful implant osseointegration [2,3]. Furthermore, a high level of primary
stability enables an immediate loading of the implants, thereby reducing the necessity for
multiple surgical interventions and mitigating patient discomfort [4].

Specifically, the ideal ratio between the cortical and trabecular components of bone
tissue is crucial for achieving the primary stability of implants. After tooth loss, especially
in the posterior maxillary region, the alveolar ridges undergo bone atrophy. Consequently,
ensuring the appropriate quantity and quality of alveolar bone is essential for accurate
tridimensional implant positioning and optimal esthetic and functional outcomes. A cross-
sectional study by Cavalcanti et al. [5] revealed that 41% of sites had a bone height (BH) of
less than 5 mm (2.82 ± 1.57 mm), 40% had a BH between 5 and 8 mm (6.20 ± 0.79 mm), and
19% had a BH greater than 8 mm (9.42 ± 1.26 mm). This indicates that in approximately
80% of cases, standard-length implants cannot be placed, suggesting the need for sinus
lift surgery for BH of less than 5 mm. Maxillary sinus augmentation procedures are a
reliable technique for restoring the correct vertical length for dental implant positioning.
When BH is less than or equal to 5 mm, a lateral antrostomy can be performed to ac-
cess the sinus cavity and perform bone grafting. However, for BH greater than 5 mm, a
transcrestal approach can reduce surgical morbidity by avoiding lateral osteotomy and
performing a more localized sinus floor elevation, often allowing for immediate dental
implant positioning without a second surgical step [6]. The approach to sinus grafting and
implant placement may involve either a one-stage or two-stage procedure, depending on
the BH. Generally, when the BH falls within the range of 1 to 3 mm, a delayed approach
involving a 6-month interval between lateral sinus augmentation and implant insertion is
generally recommended. Conversely, a BH measuring ≥4–6 mm is generally deemed ade-
quate to support simultaneous sinus elevation and implant placement, ensuring sufficient
mechanical stability [7].

In this context, a variety of materials, including autogenous bone grafts and synthetic
and animal-derived biomaterials are employed to achieve volume stability [8]. While auto-
genous bone remains the standard for bone regeneration, collagenated porcine xenografts,
whether used alone or in combination with autologous bone, have exhibited notable bio-
compatibility and osteoconductivity, thereby facilitating new bone formation in sinus
augmentation procedures. These findings present collagenated biomaterials as a promising
alternative to autologous bone grafts [9–12]. However, the use of short- and ultrashort-
length implants has been implemented to reduce rehabilitative times and expenses while
demonstrating effective survival rates and primary implant stability [13–16].

Therefore, in extreme maxillary sinus rehabilitation with BH falling between 1 and
3 mm, a comprehensive three-step surgical procedure is conventionally executed. This
involves a vestibular sinus lift, subsequent implant insertion following a 6-month period of
bone healing, and healing abutment connection 6 months after implant placement. The
cumulative time frame for these procedures is approximately one year, with an additional
two to three months required to conclude the case [17,18]. On the other hand, retrospective
evaluations have demonstrated that simultaneous sinus lift and implant placement with
BH ranging from 1 to 3 mm yield a reported 92% cumulative survival rate after 5 years and
other reliable outcomes even up to 10 years [19–21]. Similarly, simultaneous transcrestal
sinus augmentation and immediate implant placement with a BH of ≥4 mm have exhibited
high predictability for up to 20 years of follow-up [22]. This simultaneous approach offers
diminished clinical morbidity and facilitates a notable reduction in the time necessary
for implant restoration, a reduction in the number of surgical phases, and an economic
cost-efficiency to rehabilitation.

In order to streamline the process of the majority of extreme maxillary sinus lifts, a new
self-condensing truncated cone implant design has been suggested [22–24]. This unique
macro-morphology is designed to improve the primary stability of dental implants when
placed in the posterior maxilla with limited remaining native bone, aiming to facilitate
a one-time surgery, minimize postoperative discomfort, and reduce the overall healing
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period to 6–8 months. However, it is crucial to verify the presence of a minimum of 1–3 mm
of residual native cortical bone, a vestibular-lingual bone thickness of at least 4.5 mm in
the upper premolar or moral regions, and allow for a healing period of 6 months when the
bucco-palatal sinus width is less than 12 mm and 9–10 months where the bucco-palatal
sinus width equals or exceeds 12 mm before implant loading [25–28].

Misch et al. [29,30] classified bone density into four different categories based on den-
sity and the cortical and trabecular microstructure: (i) D1 bone: dense cortical bone with
poor/absent trabecular bone (mandibular symphysis); (ii) D2 bone: thick cortical and dense
trabecular bone tissue (anterior mandible and anterior maxilla); (iii) D3 bone: thin cortical
and less dense trabecular bone (posterior mandible and maxilla); (iv) D4 bone: poor/absent
cortical bone with thin trabecular tissue (posterior maxilla); (v) D5 bone: immature bone
tissue. Various mathematical and biomechanical models have been developed to substitute
human bone for in vitro testing of implant-supported prostheses under loading [31–33]. In
the present context, polyurethane is regarded as an isotropic and homogeneous material. It
has been designated as a standard prototype by the American Society for Testing and Mate-
rials (ASTM) for the examination of force distribution around dental implants at various
anatomical sites [34]. The synthetic foam blocks, which mimic oral bone characteristics, are
categorized into four groups based on the Misch classification [35,36]: (i) 40 pounds per
cubic foot (PCF), corresponding to D1 bone; (ii) 30 PCF, representing D2 bone; (iii) 20 PCF,
simulating D3 bone; (iv) and 10 PCF, emulating D4 bone. Numerous in vivo and in vitro in-
vestigations have evaluated the primary stability of implants by quantifying the maximum
insertion torque (IT) during the process of implant placement [37–41]. In dental implantol-
ogy, the term IT is used to describe the force required for maximum clockwise movement
when removing material. Higher IT values have been found to be beneficial in achieving
primary stability by minimizing implant micromotion. Typically, forces of 30 Ncm or
higher are commonly employed for implant placement in both healed ridges and fresh
extraction sockets, particularly when immediate implant loading is part of the treatment
plan. Higher IT values, which are ≥50 Ncm, offer the advantage of reducing micromotion
without causing damage to the surrounding bone [42,43]. Conversely, removal torque (RT)
is clinically defined as the force required to extract the implant from the bone, providing
a reliable method for assessing primary stability. Importantly, it indirectly offers insights
into the degree of bone-to-implant contact (BIC) [44]. Resonance frequency analysis (RFA)
plays a crucial role in evaluating the implant stability quotient (ISQ) following implant
placement. This non-invasive technique is invaluable for assessing the risk of implant
failure and provides precious information regarding the predictability of dental implant
procedures [45].

On these bases, upon conducting a comparison between Sinus-plant (Oralplant Suisse,
Mendrisio, Switzerland) and Sinus Lift Concept (SLC, AoN Implants Srl., Grisignano
di Zocco, Italy) implants, we aimed to ascertain which truncated cone macro-geometric
design performed better on polyurethane blocks artificially simulating type D3 and D4
bone. Specifically, the authors sought to determine the performance in achieving adequate
primary stability in the maxillary sinus area. The innovative truncated cone design may
have clinical utility by potentially reducing surgery time and costs, minimizing the number
of surgical phases, and enhancing the stabilizing effect on the graft and blood clot during
sinus rehabilitation. This design could allow for the immediate insertion of the implant
after the vestibular sinus lift.

2. Materials and Methods
2.1. Bone Models and Implants

Four different solid rigid polyurethane foams (Sawbones Europe AB, Malmö, Sweden)
with the same size (120 mm × 170 mm × 40 mm) were used to represent distinct bone
densities based on the Misch classification [35,36]:

• 10 PCF polyurethane block (cod. 1522-01) with a density of 0.16 g/cm3 simulates
extremely low-density bone with poor mechanical properties, typically found in the



Prosthesis 2024, 6 926

posterior maxilla or in patients with severe osteoporosis (D4 bone type). This type of
bone has sparse or absent cortical bone and thin trabecular tissue;

• 10 PCF polyurethane block laminated with an additional 1 mm, 30 PCF cortical layer
(cod. 1522-01 and 1522-102), representing densities of 0.16 g/cm3 and 0.48 g/cm3,
respectively. This configuration represents a condition where the inner trabecular bone
is extremely low-density but has a thin, denser cortical bone layer. This might be seen
in osteoporotic patients where the inner bone is compromised, but a thin cortical layer
remains intact (D4 bone type with a D2 cortical bone layer);

• 20 PCF polyurethane block (cod. 1522-03), corresponding to 0.32 g/cm3. It represents
low-density bone, often found in the posterior mandible and maxilla or in patients
with moderate osteoporosis. This bone type has a thin cortical bone and trabecular
bone that is somewhat better in quality compared to D4 bone (D3 bone type);

• 20 PCF polyurethane block and a 30 PCF cortical layer (cod. 1522-03 and 1522-102),
representing densities of 0.32 g/cm3 and 0.48 g/cm3, respectively. This configuration
mimics a condition where the inner trabecular bone is of moderate density, with a
preserved, denser cortical bone layer. This might be found in areas of localized low
bone density where cortical integrity is maintained, offering better overall bone quality
than the 10 PCF block with a 30 PCF layer (D3 bone type with a D2 cortical bone layer).

The artificial bone blocks utilized in this study are depicted in Figure 1.

Figure 1. Solid rigid polyurethane foams used in the present study. (a) 20 and 10 pounds per cubic
foot (PCF) density blocks without the cortical layer; (b) 20 and 10 PCF density blocks with the
additional 1 mm, 30 PCF cortical layer.

All tested implants were inserted into 20 and 10 PCF density artificial bone blocks with
or without a 1 mm, 30 PCF cortical layer. Specifically, two distinct truncated cone implant
designs have been considered: Sinus-plant (Oralplant Suisse, Mendrisio, Switzerland) and
SLC (AoN Implants Srl., Grisignano di Zocco, Italy), with diameters of 4.5 and 4.2 mm,
respectively, and lengths of 10 mm. Although the dental implants possessed slightly dif-
ferent diameters, we selected the most closely matched dimensions for comparison, as
the manufacturers did not produce implants with identical diameters. The Sinus-plant
implants feature a straight head shape and a dome apex shape devoid of grooves, able to
maintain the integrity of the Schneiderian membrane and facilitate a controlled insertion
pressure. The V-shaped threads, characterized by a 0.4 mm pitch profile, mitigate stress
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while fostering gradual bone expansion and osseodensification. Furthermore, these im-
plants boasted a Titanium Pull Spray Superficial (TPSS) surface, achieved through precise
treatment with 0.5-micron aluminum oxide tips, resulting in the formation of rounded and
porous surface microcavities [24]. On the other hand, the technical features of SLC implants
encompass a machined surface and a lapped apex to ensure controlled and atraumatic im-
plant penetration, tailored explicitly for maxillary sinus lifts. A progressive and expansive
thread pitch from the apex to the platform also contributes to progressive bone expansion.
The self-tapping/self-drilling V-shaped threads exhibit a 1.17 mm pitch profile and an 11◦

thread angle, while helical drains along the body facilitate the collection and removal of
bone chips during implant insertion. This design minimizes debris accumulation at the
site, reducing the risk of interference with primary stability and proper implant osseoin-
tegration. Furthermore, it aids in collecting bone chips and defusing blood, fostering an
osteopromotive environment and enhancing bone integration.

Both grade IV titanium implants are equipped with an internal Morse cone connection
and a switching platform, which effectively minimize marginal bone level changes and
provide superior sealing to reduce bacterial colonization in comparison to alternative
connections (Figure 2) [46,47].

Figure 2. Representative images of the implants analyzed in this study. (a) Sinus-plant implant
design; (b) Sinus Lift Concept (SLC) implant design.

2.2. Drilling Protocol and Study Design

The study was performed by a single operator (LC), who standardized the protocol for
the placement of implants in different blocks, regardless of the implant type. The drilling
sequence involved a lance drill with a diameter of 2 mm, followed by a 2.2 mm drill and
then a 3.2 mm drill (AoN Implants Srl., Grisignano di Zocco, Italy) using a surgical implant
motor (Chiropro, Bien Air, Bienne, Switzerland) set at 100 rpm (Figure 3).

The final implant placement was achieved at the crest level, using a speed of 30 rpm
and a predetermined maximum torque of 45 Ncm. IT and RT values were recorded at the
final millimeter of the implant site using a calibrated torque meter (Figure 4).

Additionally, the RFA was measured using a dedicated device (Smartpeg n.78) and
a frequency response analyzer (Osstell Beacon, Ostell Inc., Göteborg, Sweden), capturing
the ISQ in two different orientations at 90 degrees (mesiodistal: MD and buccolingual: BL)
(Figure 5).
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Figure 3. Details of drills used for both implants in this in vitro study.

Figure 4. Representative picture of the SLC implant insertion into a block with 10 PCF density
without cortical layer.
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Figure 5. Representative picture of the Sinus-plant implant stability quotient (ISQ) measurements in
the buccolingual (BL) and mesiodistal (MD) directions, after insertion into a 20 PCF density block
with a cortical layer. A combined total of 104 osteotomies were conducted, with 13 performed for each
type of implant across the different polyurethane foam models (52 total osteotomies for each implant
type). Consequently, 26 drilling sites were established for each block, as illustrated in Figure 6.

Figure 6. Scheme of the study design.

2.3. Data Analysis

The G*Power 3.1.9.7 program (Heinrich Heine Universität Düsseldorf, Düsseldorf,
Germany) was used for the sample size calculation and power analysis. This was conducted
within the F tests family and an analysis of variance (ANOVA): fixed effects, special,
main effects, and interactions statistical test (effect size: 0.4; α err: 0.05; power (1-β): 0.8;
numerator df: 7; number of groups: 8). The dependent variables considered for the sample
size calculation were the IT, RT, and BL and MD RFA measurements, while the independent
variables were the implant type, the bone density, and the presence or absence of a cortical
layer. The minimum sample size required for statistical significance was determined to be
97 implants, with 12 samples per group.

Furthermore, the study employed a 2 × 2 × 2 factorial design, incorporating the
factors “implant type” (SLC and Sinus-plant implants), “artificial bone density” (10 and
20 PCF), and “cortical layer” (presence or absence). This design was analyzed using a three-
way ANOVA model and Tukey’s post hoc test. Descriptive statistics were presented as
means and corresponding standard deviations (SD). Statistical significance was determined
by considering p-values equal to or less than 0.05. All statistical analyses were conducted
using the GraphPad 9.0 software package (Prism, San Diego, CA, USA).
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3. Results
3.1. Insertion Torque (IT)

After the insertion of implants, the maximum IT value was recorded for each implant,
encompassing all polyurethane bone densities. Figure 7 depicts the average IT value
comparisons, while Table S1 (Supplementary Material S1) provides a comprehensive
overview of the significance of each intergroup comparison.

Figure 7. Mean insertion torque (IT) values recorded for Sinus-plant and SLC implants across various
artificial bone densities. ns: not significant.

It was observed that the IT exhibited a direct correlation with the polyurethane den-
sity, with the lowest IT values recorded in the 10 PCF density block without a cortical
layer (Sinus-plant: 11.23 ± 0.35 Ncm, SLC: 13.95 ± 0.19 Ncm), and the highest values
in the 20 PCF density block with the cortical sheet for both implant types (Sinus-plant:
33.03 ± 0.34 Ncm, SLC: 37.94 ± 0.45 Ncm). Furthermore, the presence of a cortical layer
notably influenced the IT, resulting in significantly higher values with implants inserted
in the 10 and 20 PCF blocks with the cortical sheet compared to the corresponding block
without cortical sheet (Sinus-plant: p < 0.0001 and p < 0.01, respectively; SLC: p < 0.0001
and p < 0.0001, respectively).

Overall, all multiple comparisons among polyurethane densities yielded statistically
significant differences with a p < 0.0001, with the exception of the Sinus-plant implants
comparing the 20 PCF block with the cortical layer to the 20 PCF density block without it,
which exhibited a p < 0.01.

Additionally, even all multiple comparisons between implant types inserted in the
same artificial bone density yielded statistically significant differences, except for the 10 PCF
density block with the cortical layer (Sinus-plant: 23.89 ± 1.66 Ncm, SLC: 24.01 ± 0.91 Ncm).
Specifically, the SLC implants exhibited higher IT values in every experimental condition.

3.2. Removal Torque (RT)

From Figure 8, it can be observed that the RT values for both Sinus-plant and SLC
implants exhibited similar trends to the IT ones across all polyurethane densities, except
for the 10 PCF density block with the cortical layer, in which Sinus-plant implants dis-
played significantly higher results (Sinus-plant: 22.17 ± 1.19 Ncm, SLC: 21.17 ± 0.38 Ncm,
p < 0.01).
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Figure 8. Mean removal torque (RT) values recorded for Sinus-plant and SLC implants across various
artificial bone densities.

The lowest RT values were recorded in the lowest density block (Sinus-plant:
9.22 ± 0.37 Ncm, SLC: 11.20 ± 0.46 Ncm), while the highest ones were observed in the
20 PCF density block with the cortical layer (Sinus-plant: 27.14 ± 0.63 Ncm, SLC:
35.01 ± 0.14 Ncm). Similar to IT measurements, all multiple comparisons among
polyurethane densities and between the implant types within each density demonstrated
statistically significant differences with a p < 0.0001. The SLC implants consistently exhib-
ited higher values, except in the 10 PCF density block with the cortical layer.

Moreover, it was noted that the RT values did not notably differ from the IT values.
Although the RT values were lower than the corresponding IT values in the same density
block, the differences ranged from approximately 2–3 Ncm for both implants inserted in
the 10 PCF density block to 3–6 Ncm in the 20 PCF density block with the cortical layer.

The multicomparison results and corresponding p-values can be found in Table S2 of
the Supplementary Materials (S2).

3.3. Resonance Frequency Analysis (RFA)

ISQ values were obtained from two distinct orientations for each implant when mea-
suring implant stability. Tables S3 and S4 (Supplementary Materials S3 and S4) offer an
analysis of the statistical significance for each comparison between groups.

Similar to the IT and RT, the RFA was directly proportional to the density of the
artificial bone. The implants demonstrated the lowest ISQ values within the 10 PCF density
block, with the Sinus-plant registering 45.80 ± 0.78 ISQ in the BL direction and 46.20 ± 0.79
ISQ in the MD direction, and the SLC showing 48.60 ± 0.52 ISQ in the BL direction and
48.80 ± 0.42 ISQ in the MD direction. Conversely, the 20 PCF density block with the cortical
sheet exhibited the highest ISQ values, with the Sinus-plant recording 62.71 ± 0.48 ISQ
in the BL direction and 62.51 ± 0.53 ISQ in the MD direction and the SLC registering
69.41 ± 0.52 ISQ in the BL direction and 69.50 ± 0.52 ISQ in the MD direction.

ISQ values of 70 or higher represent high stability, values between 60 and 69 represent
medium stability, and values below 60 represent low stability [48]. A high primary stability
was achieved only with SLC implants in the highest-density block with ISQ values of
approximately 70 in both directions (BL: 69.40 ± 0.52 ISQ, MD: 69.51 ± 0.53 ISQ). The
primary stability was considered medium with both implants in all the other experimental
conditions, except for the lowest density block and Sinus-plant implants in the 10 PCF
density block with a cortical layer (BL: 56.32 ± 0.68, MD: 56.40 ± 0.07 ISQ). In these cases,
the ISQ was low.

Notably, statistically significant differences with a p < 0.0001 were evident for both
implants across all multiple comparisons within the experimental conditions (Figure 9).
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Figure 9. Mean ISQ values recorded in the BL and MD orientations for Sinus-plant and SLC implants
across various artificial bone densities.

4. Discussion

The primary objective of this study was to assess and compare the biomechanical
parameters (IT, RT, and RFA) of distinct truncated cone implant macro-morphologies (Sinus-
plant and SLC) on polyurethane blocks artificially simulating type D3 and D4 bone. The
potential clinical impact of identifying the most effective truncated cone implant design
includes the reduction in procedure duration, costs, and invasiveness associated with
extreme maxillary sinus rehabilitations. Furthermore, it may enable immediate implant
placement following sinus augmentation, allowing for a one-stage rehabilitation period of
6–8 months.

Following the insertion of implants, the highest recorded values for IT, RT, and RFA
were noted for each implant across different polyurethane bone densities. It is noteworthy
that these parameters were observed to be influenced by both the artificial bone density and
the presence of a cortical sheet. Specifically, the lowest values were consistently identified
within the 10 PCF density block, while the highest values within the 20 PCF block featuring
a cortical layer. This trend was reported for both types of implants across all cases, with
the addition of a cortical layer resulting in significantly higher values compared to the
corresponding block lacking a cortical layer. These findings are in alignment with the
existing literature, which underscores that a reduced primary stability is evidenced in
low-density bone and emphasizes that the thickness of the cortical layers significantly
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impacts the initial stability of implants [16,41,49–52]. The IT, RT, and ISQ are all indirectly
associated with the primary stability of implants. The IT method has demonstrated a higher
predictability of osseointegration and has been shown to be proportionally correlated with
implant primary stability by minimizing implant micromotion [42]. Furthermore, the ISQ
quantitative assessment, in conjunction with the RT technique, is considered an indirect
indicator of BIC [44,45]. The poor primary stability experienced in low-density bone may
result in micro-movements of the implant, hindering the process of osseointegration. Con-
sequently, this can lead to a longer healing period prior to loading and an elevated risk
of early implant failure. Considering that the ISQ encompasses a spectrum from 0 to 100,
with a threshold of 47 denoting favorable implant stability [53,54], the current assessment
revealed that an optimal level of primary stability was exclusively attained with SLC im-
plants within the highest density block, yielding ISQ values around 70 in both directions
(BL: 69.40 ± 0.52 ISQ, MD: 69.51 ± 0.53 ISQ). On the contrary, low primary stability has
been observed in the 10 PCF density block for both implants (Sinus-plant: 45.80 ± 0.78 ISQ
in the BL direction and 46.20 ± 0.79 ISQ in the MD direction; SLC: 48.60 ± 0.52 ISQ in the
BL direction and 48.80 ± 0.42 ISQ in the MD direction), as per Sennerby and Meredith [48].
Nevertheless, this was deemed acceptable when accounting for the insufficient bone den-
sities in the maxillary region. In summary, SLC implants always exhibited significantly
superior RFA as compared to Sinus-plant implants across all experimental conditions. Sim-
ilarly, SLC implants demonstrated significantly higher IT values compared to Sinus-plant
implants across all polyurethane densities, with the exception of the 10 PCF density block
with the cortical layer (Sinus-plant: 23.89 ± 1.66 Ncm, SLC: 24.01 ± 0.91 Ncm). The IT
values for this implant design ranged from 13.95 ± 0.19 Ncm in the lowest density block to
37.94 ± 0.45 Ncm in the highest density block, allowing for subsequent superior primary
stability across all artificial bone densities. Furthermore, it was noteworthy that the lower
the polyurethane density, the more pronounced the stabilizing effect of the cortical layer.
Indeed, in the 10 PCF density block, the cortical layer increased the IT by approximately
10–13 Ncm for both implants, whereas in the 20 PCF density block, the increase was approx-
imately 2–5 Ncm for both. It should be also highlighted that the RT values displayed similar
trends to the IT values across all polyurethane blocks, with only slight variations between
the two parameters, ranging from 2–3 Ncm for both implants inserted in the 10 PCF density
block to 3–6 Ncm in the 20 PCF density block with the cortical layer. However, in the 10 PCF
density block with the cortical sheet, Sinus-plant implants exhibited significantly higher RT
values compared to SLC implants (Sinus-plant: 22.17 ± 1.19 Ncm, SLC: 21.17 ± 0.38 Ncm,
p < 0.01). Similar to the IT measurements, all comparisons among polyurethane densities
and between implant types within each density yielded statistically significant differences
(p < 0.0001).

On these bases, it is crucial to emphasize the significance of bone quality, implant
design, and thread configuration as vital determinants impacting the primary stability of
dental implants [2,16,38,55,56]. While previous studies have presented differing outcomes
regarding the impact of these factors on primary stability, it appears that implant length
and diameter mainly affect the ISQ in low-density bone, with shorter and narrower im-
plants yielding significantly lower results [41,57]. Furthermore, studies investigating the
influence of implant and thread shape on primary stability have demonstrated that conical
or truncated-shaped implants exhibit higher ISQ values and superior clinical outcomes
compared to cylindrical ones in low-density bone. Additionally, it was found that implants
without apical modifications or innovative designs, such as the Blossom cutting design of
the threads, displayed the highest ISQ in comparison to cutting flute-shaped implants in
low-density bone [56,58,59].

The truncated cone shape of implants offers distinct advantages, particularly in low-
density bone and various clinical scenarios, such as the posterior maxilla, where the cortical
compartment is reduced, and the cancellous/medullary spaces are wider [22–24], and
maxillary sinus pneumatization in posterior edentulous areas within bone augmentation
procedures [60]. Specifically, these implants are characterized by a cylindrical shape



Prosthesis 2024, 6 934

that extends from the apex to a few millimeters towards the coronal region, where it
undergoes a transition into a tapered form. The design under consideration facilitated the
stabilization of implants by enabling progressive fixation into the polyurethane material,
ultimately achieving maximum torque near the platform engagement. Notably, while
both implants exhibited similar mechanical friction characteristics, the SLC implant may
offer superior clinical advantages. Firstly, the SLC’s smaller final hole diameter enhances
its versatility, especially in narrow bone platform situations. Additionally, the specific
self-condensing truncated cone shape of this implant supports progressive bone expansion
without inducing stress [16]. The threads on the SLC implant allowed controlled and
gradual advancement, minimizing bone stress, while the less pronounced thread design
of the Sinus-plant impeded its progression, favoring external chip expulsion and partially
stripping the hole’s threading. In contrast, the SLC’s advanced thread design, with three
bone decompression niches, accumulated polyurethane debris into the niches, resembling
clinical conditions where bone chips promote osseointegration, thereby enabling constant
and progressive implant advancement, keeping the osteotomy clean [61–63]. The 1-mm
under-preparation provided by the final drill for the SLC appeared optimal across all bone
density conditions. Furthermore, the rounded tip shape of the SLC allowed advancement
in the osteotomy hole despite not being designed for that purpose. It was intended to
maintain the integrity of the Schneiderian membrane and facilitate controlled insertion
pressure. Moreover, the self-condensing nature of this screw eliminates the need for the
osteotome technique for implant bed preparation.

The sinus augmentation procedures are generally focused on the amount of remaining
vertical bone tissue, with either a two-stage or single-stage surgery [6,7]. Achieving success-
ful primary stability with 1–3 mm of residual bone can lead to a substantial reduction in
the recovery period, fewer surgical interventions, and cost-effective procedures [64]. This
implant macro-morphology may allow for combined sinus lift, implant placement, and
insertion of the healing screw in a single surgery over a period of 6–8 months. However,
condensing an extreme lateral sinus augmentation into a single procedure is recommended
when utilizing the characteristics design of SLC only with the presence of a minimum of
1–3 mm of residual native cortical bone and a BL bone thickness of at least 4.5 mm in the
upper premolar or moral regions. Prior to implant loading, a healing period of 6 months is
recommended if the bucco-palatal sinus width is less than 12 mm, whereas 9–10 months
are advisable if the width equals or exceeds 12 mm [25–28]. However, it is imperative
to exercise caution and refrain from employing this technique in instances of any poorly
healed bone or post-extraction sockets lacking a well-represented septum, particularly
in areas outside the upper posterior maxilla and when it is unnecessary, such as when
8–10 mm of bone is present.

The outcomes of this study are subject to certain limitations given the use of an
artificial bone model, making it evident that the results may not be directly applied to
clinical scenarios. It is crucial to recognize that while polyurethane foam blocks serve as
a reliable in vitro model for implant research as alternatives to cadaver or animal bones
due to their consistent and reproducible testing properties, they are unable to completely
replicate the intricate features of natural bone [65,66]. Various considerations should be
taken into account for comprehensive data analysis, including the absence of individual
human variability, natural bone response, and the complex microenvironment of healthy
or pathological bone. Furthermore, factors related to surgical technique should be con-
sidered to facilitate a more accurate interpretation of these results. Consequently, it is
imperative to validate these findings through animal and clinical studies for their future
utilization and implementation. To enhance the use of polyurethane blocks as a human
bone model for studying implant behavior, conducting biomechanical assessments us-
ing finite element analysis (FEA) studies could be contemplated [67–69]. In conclusion,
despite the limitations of an in vitro study using non-human bone tissue, the authors sug-
gest that these preliminary results may provide valuable insights into the biomechanical
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behavior of these implants, aiming to assist clinicians in enhancing their surgical sinus
rehabilitation planning.

5. Conclusions

Upon comparative analysis of the truncated cone Sinus-plant (Oralplant Suisse, Men-
drisio, Switzerland) and SLC (AoN Implants Srl., Grisignano di Zocco, Italy) implants, the
superior performance of the innovative SLC design in achieving primary stability within
polyurethane blocks simulating type D3 or D4 bone in the maxillary sinus region offers
potential clinical advantages. Specifically, they include the reduction of surgical duration
and costs, the streamlining of surgical phases, and the enhancement of graft and blood clot
stabilization during sinus rehabilitation. Notably, this design could potentially facilitate
immediate implant insertion after an extreme vestibular sinus augmentation procedure.
Furthermore, despite the limitations of this study, further validations are recommended to
confirm these preliminary findings and enhance their applicability in clinical practice.
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