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Abstract: Background/Objectives: The achievement of primary stability in low-density
bone represents a critical endpoint in clinical practice. The aim of the present investigation
was to evaluate the effectiveness of different drilling osteotomy techniques on polyurethane
bone substitutes in vitro. Methods: A total of 320 osteotomies have been conducted on
10 pound per cubic feet (PCF) and 20PCF, respectively, with and without cortical layer.
The simultaneous and progressive drilling protocol has been conducted at two different
rotational speeds considering two different implant profiles (TAC conical vs. NT cylindrical
implants). The study variables were insertion torque, removal torque, and resonance
frequency analysis (RFA). Results: A significantly higher insertion torque, removal torque,
and resonance frequency analysis RFA was detected at low speed with simultaneous
drilling protocol (RPM) (p < 0.05). A TAC implant produced an increased implant stability
compared to NT implants in all conditions tested (p < 0.05). Conclusions: The conical TAC
implant showed higher implant stability in low-density polyurethane, and it is strongly
recommended in critical bone quality. Simultaneous drilling osteotomy at low speed
could further improve torquing positioning and significantly achieve primary stability in
this condition.

Keywords: dental implant; primary stability; insertion torque; low-density bone

1. Introduction
A successful implant insertion is closely linked to several key factors, all of which

must be carefully considered and managed to ensure optimal outcomes. One of the most
important aspects is the anatomy of the bone site. The shape, size, and orientation of the
bone in the area where the implant is to be placed significantly influences how well the
implant will integrate with the bone. Equally important is the quantity of bone available
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for the implantation. Sufficient bone volume is essential to provide stability and proper
anchorage for the implant. Insufficient bone mass can lead to the implant lacking the
necessary primary stability, increasing the risk of implant movement or even failure. In
such cases, bone grafts or other augmentation procedures may be needed to ensure there
is enough bone for a secure insertion [1]. Rigid fixation is defined when the space and
relative movements between bone and implant do not exceed 100 microns [1,2]. The
healing period after surgery is essential for osseointegration [1]. The primary stability of
the fixture is a mechanical phenomenon, mainly related to different factors [3,4]: bone
quality (ratio of cortical bone to trabecular bone), bone quantity, implant geometry, and
surgical insertion technique.

Three parameters were considered for the primary stability of an endosseous implant:
insertion torque, removal torque, and resonance frequency analysis [3–6]. Both insertion
and removal torque are generated by the microfrictional interactions between the implant
surface and the surrounding bony interface during fixture positioning and unscrewing,
respectively [3–6]. These techniques are commonly considered as an indirect and reasonable
indicator of implant stability with significant limits. The resonance frequency analysis has
been purposed due to the repeteability of the scoring excluding any operator influence on
this assessment [7].

Frieberg et al. reported that in the case of high primary stability during implant
insertion in good-quality bone, a series of events occurring in the subsequent healing
period may have only a limited impact on the final stability of that implant. The secondary
stability is the result of osseointegration and the formation of new bone cells at the implant
site. Therefore, it does not occur immediately after placement, but becomes noticeable with
time [3]. The secondary stability is directly determined by the primary stability itself, by
neoformation, and by bone remodeling [3]. The surgical technique plays an important role
in implant stability.

The quality of the bone also plays a pivotal role in the success of the implant. Bone
quality refers to the density and overall health of the bone tissue. Higher-density bone
offers better support for the implant and more predictable healing, whereas lower-density
bone may result in reduced primary stability, making the healing process slower and prone
to complications. The bone quality is often assessed by the surgeon before the procedure,
and the treatment plan can be adapted accordingly to ensure the best possible results [7–9].

A successful preparation of the recipient bone can be obtained through several different
techniques and devices, e.g., osteotome, different types of lasers, piezosurgery, and use of
osseodensification burs [9].

The decalog for a safe implant insertion according to the primary bone healing concept
could comprise the following: mini-invasive approach, no bone overheating, very low rota-
tional velocity (30 rpm), no irrigation, no bone compression, no micromovements during
the healing phase, primary stability due to a very close and tight contact between the core
of the implant and the final bone site preparation, use of noncontaminated biocompatible
materials, no radiotrasparencies, due to the intimate contact and congruency between
implant and bone, and possible loading after 45 days.

High rotational speed of the drills could produce bone overheating and ovalization of
the bone site with loss of congruency between implant and bone.

Low rotational speed of the drills could produce no bone overheating, but a lower
possibility of directing the path of the drills in bone of different quality and density, with a
precision loss of the osteotomy profile.

Use of a single drill could be associated with a decrease in the possibility of a thermal
or mechanical trauma but removal of a higher quantity of bone all at once, as well as
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difficulty of moving the drill in the right direction, due to possible changes in its path in
different bone densities.

Sequential drilling with three or more drills could produce a more predictable os-
teotomy bone profile, the removal of a lower quantity of bone with an increased risk of
thermal damage, and residual bone chips along the path of the drill.

Lower temperatures during the drilling procedure will produce a lower osteocyte
apoptosis in the peri-implant bone, with a lesser peri-implant bone resorption. Moreover,
irrigation with saline solution will determine a removal of the bone chips, stromal con-
nective tissue, stem cells, blood clot, and growth factors [10]. An absence of necrosis and
an increased bone cell viability has been reported to be directly correlated to a faster and
higher quantity of mineralized tissues at the bone implant interface [9,10].

Low-speed osteotomy as well as underpreparation procedure [11] have been reported
to improve the implant primary stability in low-density bone while an increase of insertion
torque has been documented for both procedures [9]. A more recent simultaneous drilling
has been purposed in the literature with a reduction in the drilling heat preserving bone
vitality [9].

The most obvious influencing factor is the drill diameter and the relationship with
the implant diameter, i.e., the extent of any underpreparation of the osteotomy performed.
Other factors are the depth of preparation and whether the site is tapped. Risk factors
mainly concern a traumatic surgical technique that can cause damage to the bone through
“compression bone necrosis” [3].

The aim of the present investigation was to evaluate the effectiveness of the interactions
between implant designs, low speed vs. high speed, and one- vs. three-step osteotomy in
polyurethane bone substitute and the impact on the insertion torque, the removal torque,
and the Implant Stability Quotient (ISQ).

2. Materials and Methods
2.1. Study Model

The experiment consisted in a total of 10 samples for each tested condition in crit-
ical and supercritical polyurethane bone substitute that differed in density and pres-
ence/absence of cortical layer (SawBones H, Pacific Research Laboratories Inc, Vashon,
WA, USA). The study groups were consequently planned according to the substitute char-
acteristics (Figure 1), consisting of the following: 10 pound-per-cubic-feet PCF with cortical
layer, 10 pound-per-cubic-feet PCF without cortical layer, 20 pound-per-cubic-feet PCF
with cortical layer, and 10 pound-per-cubic-feet PCF without cortical layer (Figure 1). Two
different implant profiles were tested: TAC vs. NT implants according to Single-Drill
Primary Healing Technique (SPHT) at low rotational speed (30 rpm), Single-Drill Primary
Healing Technique (SPHT) at standard rotational speed (1000 rpm), progressive three step
drilling procedure at low rotational speed (30 rpm), and progressive three-step drilling
procedure at standard rotational speed (1000 rpm).

2.2. Dental Implants

A total of two different implant groups were determined

- Implant A: TAC conical implant (AON Implant, Grisignano di Zocco, Vicenza, Italy)
- Implant B: NT (Nanotite) (Biomet 3i, Biomet Palm Beach Gardens, FL, USA)

The TAC implant has a conical profile and a smooth thread design. The apical portion
is rounded with V-shaped threads. The surface grooves are extended from the apex to two
thirds of the implant. The surface treatment was double acid-etched. The implant-abutment
connection is a Cone Morse connection. The Nanotite implant is characterized by a tapered
microgeometry and V-shaped threads. The apical potion is characterized by V-shape apex
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and apex grooves. The implant–abutment connection has an external hexagonal design
(Figure 2).

 

Figure 1. Summary of the study design of the present investigation.

 
Figure 2. Detail of the medical devices tested on polyurethane blocks.

2.3. Drilling Osteotomy

Two different drilling procedures were tested in the present investigation. The drilling
procedures observed were as follows: (1) Single-Drill Primary Healing Technique (SPHT)
(Figure 3), and (2) Three-Step Technique (Figure 4). Both of these techniques were evaluated
at low speed (30 rpm) and standard speed (1000 rpm). The single-drill primary healing



Osteology 2025, 5, 17 5 of 17

technique is a technique proposed to reduce the osteotomy sequence and duration of the
procedure (Figure 5). This procedure seemed to be able to reduce the duration of the surgical
procedure with higher patient comfort; specially designed to operate at low speed without
irrigation, the drill offers maximum control. Torque values generated via the instrument
guide surgical workflow, assist in bone evaluation, and provide early prediction of implant
stability. Moreover, this simplified drilling sequence consists in the use of the pilot drill
followed by the final shape of the osteotomy drill. Preparation after the pilot drill (diameter:
2 mm), which establishes the length of the preparation as well as position and direction,
is followed by the final drill which produces the osteotomy site at low speed (diameter:
3.4 mm). The aim this technique was to prepare the bone site corresponding exactly to
the size and shape of the implant to obtain a conical coupling without compressions that
would damage the viability of the cells. The three-step osteotomy technique is purposed
to produce, after the use of the pilot drill (diameter: 2 mm), a progressive preparation
of the bone in order to adapt the donor site to the final diameter and length of the size
chosen, achieving the optimal positioning torque of the fixture. The sequence was pilot drill
(diameter: 2 mm), 2.8 mm diameter drill, 3.4 diameter final drill for both implant groups.

 

Figure 3. Detail of the drill used for SPHT protocol.

 

Figure 4. Detail of the drill used for 3-step drilling protocol.
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Figure 5. Detail of the preparation performed on polyurethane blocks.

2.4. Insertion Torque and Removal Measurements

The experimental implants were positioned recording the IT insertion torque, while
the tensile and removal resistance was performed by dynamometric analysis of the removal
of the implant from the block.

IT was evaluated using an OMEGA digital dynamometer (Arthur-Sauvé, St-Eustache,
QC, Canada) coupled with the implant insertion driver as per the implant system protocol.

2.5. Resonance Frequency Analysis (RFA)

The RFA (Osstell, Columbia, MD, USA) is an electromechanical assessment that is
performed by an electronic device that measures the micromovement of the implant for a
total of 16 times. The RFA device can self-eliminate the non-compliant pulse, offering a
reliable and reproducible measurement of the implant micro-mobility. For TAC implants,
the smartpeg no. 78 was used according to the manufacturing indications, while for the NT
system, smartpeg no. 1 for external hexagon systems was applied (Figure 5).

The measurements are classified according to the implant stability quotient score (ISQ),
in the range of 1–100:

- Good stability: >70 ISQ;
- Medium Stability: 60–69 ISQ;
- Low Stability: <60 ISQ.

2.6. Statistical Analysis

Descriptive statistics will be provided in summary tables by group based on the type
of measure of the summarized result. The general descriptive statistics for continuous
outcome measures included (number of observed values) mean with 95%CI, standard
deviation, median, minimum, and maximum values. The hypothesis will be tested with a
multivariate analysis of variance (MANOVA) with basal values of IT, RT, and RFA. The
implant design, drilling speed, osteotomy technique, the bone density and the cortical
component were considered independent variables, and the insertion torque, removal
torque, and ISQ were the dependent variables. The groups will be compared at the 5%
significance level. Data collection and statistical analysis will be performed using StatPlus
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6 software (AnalystSoft Inc., Walnut, CA, USA). The sample size computing was performed
considering an effect size of 0.032, alfa error: 0.05, power 0.80 for a total of 320 sites.

3. Results
TAC Implant Group

3.1. Insertion Torque

The mean insertion torque of SPHT ranged from 8.93 ± 0.08 Ncm (95%CI: 8.87–8.99)
recorded in 10 PCF polyurethane blocks with no cortical to 23.3± 0.3 Ncm (95%CI: 23.5–24), while
the 3-step drilling ranged from 8.61 ± 0.23 Ncm (95%CI: 8.44–8.78) and 20.5 ± 0.15 Ncm (95%CI:
20.4–20.6) in the respective conditions. In 20 PCF tests, SPHT ranged from 30.1 ± 0.08 Ncm
(95%CI: 30–30.2) recorded in no cortical blocks to 34.5 ± 0.08 Ncm (95%CI: 34.4–34.6), while the 3-
step drilling ranged from 28.2± 5 Ncm (95%CI: 28.1–28.3) in no cortical blocks to 33.0± 0.17 Ncm
(95%CI: 28.1–28.3) in the respective conditions. In 10 PCF bone substitutes, the insertion torque
percentage increased from 49.79% to 55.39% in presence of the cortical layer where the SPHT
performed at low speed recorded the higher performance in terms of implant torque in all
conditions tested (p < 0.05). Moreover, the SPHT vs. 3-step drilling produced 23.11–33.25%
increase of insertion torque in 10 PCF with no layer and 6.21–18.5% in 10 PCF with cortical layer
(p < 0.05). Testing 20 PCF polyurethane block, the insertion torque percentage increased from
0.58% to 3.99% in presence of the cortical layer where the SPHT performing at low speed recorded
the higher performance in terms of implant torque (p < 0.05). Moreover, the low-speed drilling
produced a 13.95–17.02% increase of insertion torque in 20 PCF with no layer and 10.22–11.92%
in 20 PCF with cortical layer (p < 0.05) (Table 1, Figure 6).

Table 1. Summary of the descriptive statistics concerning insertion torque.

Insertion Torque-TAC Implants

10 PCF Cortical 10 PCF No Cortical 20 PCF Cortical 20 PCF No Cortical

30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM

SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step

Mean 23.7 20.5 20.0 19.3 11.9 10.6 8.93 8.61 34.3 33.0 30.1 28.2 34.5 31.9 31.3 28.5

SD 0.3 0.15 0.16 0.33 0.22 0.31 0.08 0.23 0.16 0.17 0.08 0.15 0.08 0.25 0.50 0.13

Lower
95%CI 23.5 20.4 19.9 19.1 11.8 10.3 8.87 8.44 34.2 32.9 30 28.1 34.4 31.7 31 28.4

Upper
95%CI 24 20.6 20.1 19.6 12.1 10.8 8.99 8.78 34.4 33.1 30.2 28.3 34.6 32.1 31.7 28.6

Figure 6. Chart of the insertion torque measured in different conditions and polyurethane densities.
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3.2. Removal Torque

The mean insertion torque of SPHT technique ranged from 4.96 ± 0.05 Ncm (95%CI:
4.92–5) recorded in 10 PCF polyurethane blocks with no cortical to 12.8 ± 0.2 Ncm (95%CI:
12.6–12.9), while the 3-step drilling technique ranged from 4.13 ± 0.08 Ncm (95%CI:
4.07–4.19) to 10.6 ±0.23 Ncm (95%CI: 10.6–10.8) in the respective conditions. In 20 PCF
tests, SPHT technique ranged from 19.9 ± 0.30 Ncm (95%CI: 19.6–20.1) recorded in no
cortical blocks to 22.6 ± 0.08 Ncm (95%CI: 22.5–22.6), while the standard drilling technique
ranged from 20.4 ± 0.29 Ncm (95%CI: 20.1–20.6) to 18.2 ± 0.25 Ncm (95%CI: 18–18.3) in the
respective conditions. In 10 PCF bone substitutes, the removal torque percentage increased
from 53.21% to 56.93% in presence of the cortical layer, where SPHT performing at 30 RPM
rotational speed recorded the higher performance in terms of removal torque in all condi-
tions tested (p < 0.05). Moreover, the 30 RPM vs. 1000 RPM speed produced an increase of
removal torque in the range of 14.91–19.85% in 10 PCF with no layer and 10.53–20.75% in
10 PCF with cortical layer (p < 0.05). Testing 20 PCF bone substitutes, the removal torque
percentage increased from 0.44% to 2.93% in presence of the cortical layer, where the SPHT
at 30 RPM recorded the higher performance in terms of implant torque (p < 0.05). Moreover,
the 30 RPM vs. 1000 RPM drilling produced a 10.27–13.06% increase in insertion torque
in 20 PCF with no layer and 11.24–11.53% in 20 PCF with cortical layer (p < 0.05)) (Table 2,
Figure 7).

Table 2. Summary of the descriptive statistics concerning removal torque.

Removal Torque-TAC Implants

10 PCF Cortical 10 PCF No Cortical 20 PCF Cortical 20 PCF No Cortical

30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM

SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step

Mean 12.8 10.6 10.6 9.59 5.7 4.95 4.96 4.13 22.6 20.3 20.5 18.2 22.5 20.4 19.9 18.5

SD 0.20 0.23 0.23 0.20 0.23 0.05 0.05 0.08 0.08 0.37 0.18 0.25 0.12 0.29 0.30 0.10

Lower
95%CI 12.6 10.4 10.4 9.45 5.53 4.91 4.92 4.07 22.5 20 20.4 18 22.4 20.1 19.6 18.4

Upper
95%CI 12.9 10.8 10.7 9.73 5.87 4.99 5 4.19 22.6 20.5 20.6 18.3 22.6 20.6 20.1 18.6

Figure 7. Chart of the removal torque measured in different conditions and polyurethane densities.

3.3. Resonance Frequency Analysis

The mean RFA of SPHT ranged from 53.2 ± 1.84 ISQ (95%CI: 51.8–54.5) recorded
in 10 PCF polyurethane blocks with no cortical to 63.8 ± 0.48 ISQ (95%CI: 63.4–64.1),
while the 3-step drilling technique ranged from 48.4 ± 0.78 ISQ (95%CI: 47.8–48.9) to
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61.4 ± 0.62 Ncm (95%CI: 60.9–61.8) in the respective conditions. In 20 PCF tests,
SPHT ranged from 65.5 ±0.36 ISQ (95%CI: 65.2–65.7) recorded in no cortical blocks to
76.1 ± 0.76 Ncm (95%CI: 75.5–76.6), while the 3-step drilling technique ranged from
64.9 ± 0.33 Ncm (95%CI: 64.6 -65.1) to 72.9 ± 0.65 Ncm (95%CI: 72.4–73.4) in the respec-
tive conditions. In 10 PCF bone substitutes, the ISQ percentage increased from 11.29% to
15.38% in presence of the cortical layer, where the SPHT performing at low-speed Primary
Healing recorded the higher performance in terms of ISQ in all conditions tested (p < 0.05).
Moreover, the 30 RPM vs. 1000 RPM drilling produced an increase of ISQ in the range of
6.39–10.74% in 10 PCF with no layer and 3.90–6.11% in 10 PCF with cortical layer (p < 0.05).
Testing 20 PCF bone substitutes, the ISQ increased from 4.28% to 10.38% in presence of the
cortical layer, where the SPHT performing at low speed recorded the higher performance in
terms of implant torque (p < 0.05). Moreover, the 30 RPM vs. 1000 RPM drilling produced
an increase in ISQ range between 0.92–4.12% in 20 PCF with no layer and 6.58–7.52% in
20 PCF with cortical layer (p < 0.05) (Table 3, Figure 8).

Table 3. Summary of the descriptive statistics concerning RFA.

RFA-TAC Implants

10 PCF Cortical 10 PCF No Cortical 20 PCF Cortical 20 PCF No Cortical

30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM

SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step

Mean 63.8 60.7 61.4 57.2 56.6 53.6 53.2 48.4 76.1 72.9 71.4 67.8 68.2 65.5 65.5 64.9

SD 0.48 0.41 0.62 0.75 0.51 0.45 1.84 0.78 0.76 0.65 0.45 0.75 0.74 0.43 0.36 0.33

Lower
95%CI 63.4 60.4 60.9 56.7 56.2 53.3 51.8 47.8 75.5 72.4 71.1 67.3 67.6 65.1 65.2 64.6

Upper
95%CI 64.1 60.9 61.8 57.7 57 53.9 54.5 48.9 76.6 73.4 71.7 68.3 68.7 65.8 65.7 65.1

Figure 8. Chart of the RFA measured in different conditions and polyurethane densities.

NT Implant Group

3.4. Insertion Torque

The mean insertion torque of SPHT technique ranged from 7.14 ± 0.19 Ncm (95%CI:
7–7.28) recorded in 10 PCF polyurethane blocks with no cortical to 17.4 ±0.149 Ncm
(95%CI: 17.3–17.5), while the 3-step drilling technique ranged from 4.5 ± 0.236 Ncm (95%CI:
4.33–4.67) and 16 ± 0.236 Ncm (95%CI: 15.8–16.1) in the respective conditions. In 20 PCF
tests, SPHT technique ranged from 27.1 ± 0.399 Ncm (95%CI: 26.8–27.4) recorded in no
cortical blocks to 40.9 ± 0.117 Ncm (95%CI: 40.9- 41), while the 3-step drilling technique
ranged from 35.2 ± 0.125 Ncm (95%CI: 35.1–35.3) and 4.5 ± 0.236 Ncm (95%CI: 4.33–4.67)
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in the respective conditions. In 10 PCF bone substitutes, the insertion torque percentage
increased from 49.56% to 69.59% in presence of the cortical layer, where the SPHT at low-
speed ROP recorded the higher performance in terms of implant torque in all conditions
tested (p < 0.05). Moreover, the 30 RPM vs. 1000 RPM drilling produced 29.27–78.2%
increase in insertion torque in 10 PCF with no layer and 7.43–8.65% in 10 PCF with cortical
layer (p < 0.05). Testing 20 PCF bone substitutes, the insertion torque percentage increased
from 9.66% to 26.76% in presence of the cortical layer, where the SPHT at low-speed ROP
recorded the higher performance in terms of implant torque (p < 0.05). Moreover, the
30 RPM vs. 1000 RPM drilling produced a 26.19–35.31% increase in insertion torque in
20 PCF with no layer and 10.54–14.65% in 20 PCF with cortical layer (p < 0.05) (Table 4;
Figure 9).

Table 4. Summary of the descriptive statistics concerning insertion torque.

Insertion Torque-NT Implants

10 PCF Cortical 10 PCF No Cortical 20 PCF Cortical 20 PCF No Cortical

30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM

SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step

Mean 17.4 15.9 16 14.8 9.23 8.02 7.14 4.5 40.9 35.2 37 30.7 34.2 31.8 27.1 23.5

SD 0.149 0.166 0.236 0.157 0.33 0.123 0.19 0.236 0.117 0.125 0.116 0.177 0.0876 0.576 0.399 0.0738

Lower
95%CI 17.3 15.8 15.8 14.7 8.99 7.93 7 4.33 40.9 35.1 36.9 30.5 34.1 31.3 26.8 23.5

Upper
95%CI 17.5 16 16.1 14.9 9.47 8.11 7.28 4.67 41 35.3 37.1 30.8 34.3 32.2 27.4 23.6

Figure 9. Chart of the insertion torque measured in different conditions and polyurethane densities.

3.5. Removal Torque

The mean insertion torque of SPHT technique ranged from 4.98 ± 0.0789 Ncm (95%CI:
4.92–5.04) recorded in 10 PCF polyurethane blocks with no cortical to 10.2 ± 0.38 Ncm
(95%CI: 9.93–10.5), while the 3-step drilling ranged from 2.72 ± 0.0919 Ncm (95%CI:
2.65–2.79) to 8.81 ± 0.0994 Ncm (95%CI: 8.74–8.88) in the respective conditions. In 20 PCF
tests, SPHT technique ranged from 18.9 ± 0.384 Ncm (95%CI: 18.6–19.2) recorded in no
cortical blocks to 25.9 ± 0.117 Ncm (95%CI: 25.8–25.9), while the standard drilling technique
ranged from 16 ± 0.175 Ncm (95%CI: 15.9–16.1) to 22.4 ± 0.116 Ncm (95%CI: 22.3–22.5)
in the respective conditions. In 10 PCF bone substitutes, the removal torque percentage
increased from 51.18% to 57.55% in presence of the cortical layer, where the SPHT at low
speed recorded the higher performance in terms of removal torque in all conditions tested
(p < 0.05). Moreover, the 30 RPM vs. 1000 RPM drilling produced an increase in removal
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torque in the range of 10 PCF 25.75–37.5% with no layer and 15.46–19.71% in 10 PCF with
cortical layer (p < 0.05). Testing 20 PCF bone substitutes, the removal torque percentage in-
creased from 2.32% to 25.45% in presence of the cortical layer, where the SPHT at low-speed
ROP recorded the higher performance in terms of implant torque (p < 0.05). Moreover, the
30 RPM vs. 1000 RPM drilling produced a 4.37–33.86% increase in insertion torque in 20 PCF
with no layer and 15.46–15.6% in 20 PCF with cortical layer (p < 0.05) (Table 5; Figure 10).

Table 5. Summary of the descriptive statistics concerning removal torque.

Removal Torque-NT Implants

10 PCF Cortical 10 PCF No Cortical 20 PCF Cortical 20 PCF No Cortical

30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM

SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step

Mean 10.2 8.81 8.52 7.63 4.98 3.74 3.96 2.72 25.9 22.4 22.4 19.4 25.3 16.7 18.9 16

SD 0.38 0.0994 0.123 0.116 0.0789 0.126 0.0516 0.0919 0.117 0.123 0.116 0.246 0.134 4.88 0.384 0.175

Lower
95%CI 9.93 8.74 8.43 7.55 4.92 3.65 3.92 2.65 25.8 22.3 22.3 19.3 25.2 13.2 18.6 15.9

Upper
95%CI 10.5 8.88 8.61 7.71 5.04 3.83 4 2.79 25.9 22.5 22.5 19.6 25.4 20.2 19.2 16.1

Figure 10. Chart of the removal torque measured in different conditions and polyurethane densities.

3.6. Resonance Frequency Analysis

The mean RFA of SPHT ranged from 44.9± 0.669 isq (95%CI: 44.4–45.3) recorded in
10 PCF polyurethane blocks with no cortical to 53.4 ±0.316 isq (95%CI: 53.2–53.6), while
the 3-step technique ranged from 44.9 ± 0.669 isq (95%CI: 44.4–45.3) to 51.6 ±0.438 Ncm
(95%CI: 51.2–51.9) in the respective conditions. In 20 PCF tests, SPHT technique ranged
from 62.7± 0.483 (95%CI: 62.4–63) recorded in no cortical blocks to 73 ±0.643 Ncm (95%CI:
72.5–73.4), while the 3-step drill technique ranged from 61.4 ± 0.615 Ncm (95%CI: 61–61.8)
to 69.3 ±0.856 Ncm (95%CI: 68.7–69.9) in the respective conditions.

In 10 PCF bone substitutes, the ISQ percentage increased from 1.14% to 12.21% in
presence of the cortical layer, where the SPHT performing at low-speed ROP recorded
the higher performance in terms of ISQ in all conditions tested (p < 0.05). Moreover, the
30 RPM vs. 1000 RPM produced an increase in ISQ in the range of 6.58–18.93% in 10 PCF
with no layer and 3.52–14.9% in 10 PCF with cortical layer (p < 0.05). Testing 20 PCF bone
substitutes, the ISQ increased from 0.81% to 9.38% in presence of the cortical layer, where
the SPHT at low-speed ROP recorded the higher performance in terms of implant torque
(p < 0.05). Moreover, the 30 RPM vs. 1000 RPM speed drilling produced an increase in ISQ
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in the range of 2.28–6.69% in 20 PCF with no layer and 11.95–12.65% in 20 PCF with cortical
layer (p < 0.05) (Table 6; Figure 11).

Table 6. Summary of the descriptive statistics concerning RFA.

RFA-NT Implants

10 PCF Cortical 10 PCF No Cortical 20 PCF Cortical 20 PCF No Cortical

30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM 30 RPM 1000 RPM

SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step SPHT 3 Step

Mean 52.8 51.6 51 44.9 53.4 45.3 44.9 42.5 73 69.3 64.8 61.9 66.9 62.8 62.7 61.4

SD 0.791 0.438 0.624 0.615 0.316 0.54 0.669 0.408 0.643 0.856 0.587 0.658 0.747 0.54 0.483 0.615

Lower
95%CI 52.2 51.2 50.6 44.5 53.2 44.9 44.4 42.2 72.5 68.7 64.4 61.4 66.3 62.4 62.4 61

Upper
95%CI 53.3 51.9 51.4 45.3 53.6 45.6 45.3 42.8 73.4 69.9 65.2 62.4 67.4 63.1 63 61.8

Figure 11. Chart of the RFA measured in different conditions and polyurethane densities.

4. Discussion
One of the most important features of bone tissue is its healing capability, with no scar

formation and complete reconstitution of the architecture, after a trauma. Direct or primary
healing of bone, without a formation of fibrocartilage, after a fracture needs a precise
reduction in the fracture ends, with a stable fixation and no micromovements, due probably
to the press fit, good vascularization, and no gaps [9,10]. This direct type of healing occurs
by direct remodeling of lamellar bone, Haversian canals, and blood vessels [12]. Professor
Robert Schenk and his coworkers, in a series of experimental and clinical studies found that,
using the Primary or Direct bone healing technique or concept, an orthopedic prosthesis
was strongly embedded in the bone tissue, with newly formed bone in direct, close, and
tight contact with the metal surface [13–17]. In the early 1990s, our laboratory had the
opportunity to perform some animal experiment studies and some human clinical and
histological evaluations on retrieved implants that were inserted according to the primary
bone healing concept (PHI, San Vittore Olona, Milano, Italy). In all these animal and human
specimens, a very high bone-to-implant contact percentage was always found, and the
newly formed mineralized bone was always in close and direct contact with the titanium
surface [6,18–20].

There are three types of shape-based endosseous implant bodies: cylindrical, screw-
shaped, and combined. Cylindrical implants are distinguished by the fact that their surfaces
are parallel and do not narrow towards the end, unlike conical implants. Both these shapes
can have smooth or grooved outer surfaces [21]. Implants with a smooth surface must
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achieve stability in the bone tissue mainly through a specific coating or surface treatment,
as they lack visible anchoring elements. Usually, the surface is roughened or provided with
macroscopic anchoring structures through a specific coating or treatment [21]. Cylindrical
implants are usually placed by pressure or placed at a previously prepared bone site,
offering significant advantages, especially in situations where access is difficult. Threaded
implants, on the other hand, are placed at a bone site with a slightly smaller preparation [22].
The tapered apical portion allowed one to obtain good primary stability with high torques
without histological evidence of pressure necrosis (from 65 to 100 Ncm) and good secondary
stability with a mean BIC of 56.34% [23]. The geometry of the coils can also affect bone
healing. The first evidence of the present investigation was that the conical implant primary
stability is significantly affected by the thread’s morphology and capability to create a stable
interface with the peripheral bone tissue. In fact, the insertion torque, removal torque, and
RFA values were higher in all conditions tested compared to NT implants (p < 0.05). The
most advanced microgeometry shape of implants, conical TAC implants, favored implant
stabilization as seen in other studies of our group. They stabilize in the polyurethane
progressively until they reach maximum torque near the engagement of the platform with
the polyurethane.

A recent histological and biomechanical study on an animal model at 2 months
compared three different types of implants for the morphology of the coils, “V” coils,
rectangular coils, and long coils with healing chambers, finding on histomorphometrical
analysis a greater amount of newly formed interthread bone in the third group, while
the BIC and torque removal value were unchanged. This suggests that creating healing
chambers at the level of implant macrogeometry can promote better bone response than
conventional designs [24–26]. A design with a self-threading in the apical portions can help
in obtaining better primary stability even in areas with poor-quality bone or in the presence
of buccal defects. By modifying the implant morphology, it is therefore possible to increase
primary stability in the apical areas and create compartments for healing, i.e., to give
adequate space to the clot in order to promote bone neoformation and try to compensate for
the physiological post-extraction alveolar resorption. The second focus could be oriented to
the drilling procedure and the risk of overheating. The present study tested both techniques
at high and low rotational speed in low-density bone. The limit of the present study model
is that it could mask the frictional over-stress that a high-speed simultaneous preparation
could produce on bone tissue, which, hypothetically, could be observed in >D3 density [27].
Another issue could be determined by the control difficulties of the osteotomy direction
that could create problems regarding the correct final position of the implant. For this
purpose, the use of surgical guides could ensure the respect of the planned prosthetic axis,
limiting any bias connected to the augmented frictional forces on the drill [27]. In addition,
the reduced sample size could represent another significant limit that should be taken
into account for the validation of the study outcomes. The osteotomy at very low rpm
avoids the risk of overheating (but with high milling torque), no irrigation and no cooling
is needed, and the introduction of variables is avoided with the use of exogenous liquids;
at the same time, there is the very useful possibility of recovering bone chips to be reused
during surgery [28]. According to several studies by Schenk et al., an osteotomy must
be a fracture that leaves intact the architecture of the bone surface and osteocytes, which
remain viable [19,20,28–31]. The primary bone healing presents a complex event that could
be realized according to different forms: by direct contact or by “healing gap”. If the gap
between fragments is <0.01 mm and the interfragmentary stresses are <2%, the fracture
joins by “direct contact” through a process of intramembranous ossification [32]. Under
these conditions, perforating wedges form at the ends of the osteons closest to the fracture
site [14,15,33]. Recent studies seem to suggest that the increase in depth and drilling speed
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seems to affect the bone cells’ viability and potentially interferes with the osseointegration
process [34,35]. On the other hand, no difference in BIC and BAFO has been reported
comparing simultaneous drilling technique vs. standard protocol [34,35]. A recent study
by Jang et al. suggested that 50 rpm with no irrigation drilling seems to produce a stable
thermal generation with no evidence of overheating on D1 bone [36]. Similar evidence has
been detected by Gil et al. comparing both techniques with a 400 rpm drilling speed on
a 4.2 diameter implant [37]. On humans, Tabassum et al. reported that no difference in
marginal bone resorption was detected in implants positioned after 12 months of follow-
up [38,39]. The drill technique tested in the present investigation aimed to preserve the
osteogenic cells’ viability, decreasing the osteotomy trauma and the tissue overheating due
to the cutting flutes’ design efficiency and the reduced drilling speed [10].

The most appropriate speed to increase the fixity parameters seems to be the low
one (30 rpm) in all situations. In the highest consistency with cortical (PCF + cort), the
conical implants 3i reach the highest torque compared to all the others, but the ISQ values
are always to the advantage of the TACs in all the situations proposed. In the 10PCF
consistency block, the same results are repeated as in the 20PCF block with lower but
proportionate values. There is also a progressive increase in insertion torque starting
from the 10PCF cortical-free block for the high-speed transition to 3 drills, then slightly
improving for implants by switching to low speed, improving again by switching to 1 low-
speed drill, and following this trend by increasing the consistency of polyurethane by
adding cortical, and then moving to the 20PCF cortical-free consistency to finally reach
the maximum for the 20PCF consistency with cortical. At the level of RFA (Implant
Resonance Frequency Analysis) the ISQ (Implant Stability Quotient) values, it is noted
that the maximum parameter is obtained when the 20PCF block with a thickness of 1 mm
of cortical is present and the best value is obtained by the CT implant inserted at low
speed with 1 single pass (76/76) followed by the 3i (73/74) always at a single pass at low
speed. The main influence of a high cortical/medullary ratio is an increase in insertion
torque [40]; this leads to higher temperatures during the insertion phase, as demonstrated
by Markovic et al. [41] and confirmed, in the orthopedic field, by Wikenheiser et al. [42].
Despite this, a torque value between 30 and 40 Ncm is considered safe in terms of thermal
effect on bone [43]. The torque value depends on the following parameters: bone quantity
and quality, implant geometry [43], and osteotomy diameter: the execution of undersized
osteotomies is associated with a higher bone heating at the time of implant insertion
than normal-sized osteotomies [44]. In this research, the insertion torque value was not
significantly different between narrow and regular implants, although there was a trend
whereby the values of the “narrow” group are lower than those of the “regular” group; this
confirms the results obtained by Barikani et al. [45].

5. Conclusions
The conical macrogeometric shape of the new-generation implants (TAC) favors the

stabilization of the implants that fit into the polyurethane in a progressive manner until
they reach the maximum T-IN and ISQ near the platform. The best results are with a single
drill at low speed for all situations.

The NT conical macrogeometric shape is less performing both in insertion and removal
torque and in the RFA (ISQ). Considering the low density of polyurethane in cortical-free
10PCF blocks, the T-IN was not elevated for any implant, but the worsening influence is
given not only by the polyurethane density, but also and above all by the 3 passes of cutters
and at high speed. The insertion torque values in the non-cortical block are lowered for all
implants, which suggests that the presence of at least 1 mm of cortical is important to help
increase the investigated values.
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