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Abstract

Background: The morphology of implant threads plays a crucial role in achieving primary
stability, which is essential for successful osseointegration and immediate loading of dental
implants. This study aimed to evaluate how different implant thread pitches and an under-
preparation drilling technique impact primary stability using an in vitro model. Methods:
The study was conducted on low-density polyurethane bone models with and without
cortical layers. The following three different implant thread profiles were tested: CYROTH
0.40 (0.40 mm), CYROTH 0.45 (0.45 mm), and CYROTH T (0.35 mm). Two different drilling
procedures were utilized, with diameters of 3.4 mm and 3.7 mm, at a low rotational speed
of 30 rpm. Primary stability was assessed by measuring insertion torque (IT), removal
torque (RT), and resonance frequency analysis (RFA). Results: The low rotational speed of
30 rpm was found to be effective for achieving favorable fixation parameters in all scenarios.
The 0.45 mm thread consistently exhibited higher implant stability quotient (ISQ) values
(from two to six points higher) compared to the 0.40 mm and standard 0.35 mm threads,
while also requiring lower IT. The highest ISQ values were recorded in the 20 pounds
per cubic foot (PCF) block with a cortical layer using the 0.45 mm thread and a 3.4 mm
drill. The under-preparation using the 3.4 mm drill resulted in higher IT and RT values
than the 3.7 mm drill. Conclusions: This study demonstrated that implant thread pitch
and drilling technique are critical factors influencing primary stability. Utilizing a wider
thread pitch (0.45 mm) along with an under-preparation drilling protocol can significantly
improve implant stability, even in low-density bone, without the need for excessive IT.
These findings suggest that selecting the appropriate implant macrogeometry and surgical
technique can optimize the primary stability of dental implants.

Keywords: primary stability; dental implant; drill osteotomy; osseointegration

1. Introduction
The morphology of implant threads significantly influences the primary stability of

dental implants. Primary stability refers to the mechanical fixation of the implant at the
time of placement and is essential for successful osseointegration and the possibility of
immediate loading [1]. Firstly, the depth of the threads plays a crucial role, as greater thread
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depth typically increases the bone–implant contact (BIC) surface and the compression
of the bone [2,3]. Implants with deeper coils generally achieve higher primary stability,
particularly in low-density bone types (D3, D4), as they provide better engagement with
the surrounding bone [4]. However, excessive thread depth can lead to stress and bone
resorption if the forces exerted are too high [5]. Regarding the pitch of the thread, which is
the distance between adjacent coils, a smaller pitch increases the contact surface and can
enhance primary stability by engaging more bone in the coils [6]. Conversely, a larger pitch
may reduce insertion torque (IT), which could compromise initial engagement, especially
in less dense bones [5]. Additionally, the shape of the coils, such as V-shaped, square,
buttress, and reverse buttress, affects stress distribution at the bone–implant interface and
the resistance to extraction [5]. V-shaped coils are common and strike a balance between
shear and compression forces, while square coils are effective at distributing stress and
reducing shear, making them stable, especially in dense bone [7]. Buttress coils are designed
to withstand axial forces, providing robust resistance to both push-in and pull-out forces. In
contrast, reverse buttress coils are beneficial for compacting bone in the apical direction [7].
Overall, the choice of coil shape should consider factors such as bone density and the
specific surgical strategy employed.

When it comes to the number of turns in multi-threading, implants can have single,
double, or triple turns [8]. Implants designed with double or triple coils allow for faster
insertion and can increase primary stability compared to those with single coils, as they
provide a greater contact surface and better engagement with the bone [9]. However, if the
helix angle is too steep in these designs, it may negatively affect their ability to support
axial loads. The helix angle, also known as the lead angle, determines the angle at which the
coil advances along the implant body. A reduced helix angle, which is typically associated
with a smaller pitch and deeper coils, tends to enhance primary stability [9].

When considering implant diameter and taper, it is important to note that while
they are not directly related to spiral morphology, they do interact with the design of
the spiral to influence primary stability [10]. In particular, conical implants with coils
that widen toward the coronal end can provide greater bone compression, leading to
improved primary stability, especially in low-density bone. This effect is often referred to
as “bone condensation” [11]. The morphology of the coils also plays a role in stability by
increasing the contact surface area. Deeper, shorter-pitch coils enhance the surface area
in contact with the bone, maximizing initial mechanical friction [9]. Moreover, the design
of the threads can promote bone compression during insertion, increasing the density of
peri-implant bone and improving mechanical engagement, which is particularly beneficial
in soft bone [12]. A well-designed coil morphology allows for a more even distribution
of stress along the bone–implant interface, minimizing stress concentrations that could
lead to bone resorption and excessive micromotion. Primary stability is characterized by
minimal micromotion, typically less than 50–150 µm, [13]. An optimized thread design
helps minimize micromovement, which is crucial for bone healing and osseointegration. In
summary, the morphology of the threads is a key factor in the macrogometry of the implant.
Clinicians can modulate this through their choice of implant to optimize primary stability
based on the quality and quantity of the patient’s bone and the surgical technique used [9].
Ensuring adequate primary stability is critical to prevent early implant failure and facilitate
accelerated or immediate loading protocols. The aim of the present investigation was to
evaluate how different implant thread pitches and an under-preparation drilling technique
impact primary stability using polyurethane blocks with different densities and presence
of a cortical layer.
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2. Materials and Methods
2.1. Study Design

The test involved a total of ten samples for each condition, specifically low-density
polyurethane bone with and without cortical layers (SawBones H, Pacific Research Lab-
oratories Inc., Vashon, WA, USA). The groups were allocated based on bone density:
(i) 10 pounds per cubic foot (PCF) with 1 mm cortical layer (30 PCF), (ii) 10 PCF without a
cortical layer, (iii) 20 PCF with a 1 mm cortical layer (30 PCF), and (iv) 20 PCF without a
cortical layer.

A total of three implant thread profiles were tested: (i) CYROTH 0.40 (0.40 mm),
(ii) CYROTH 0.45 (0.45 mm), and (iii) CYROTH T (0.35 mm) (AoN Implants Srl, Grisignano
di Zocco, Vicenza, Italy). The site’s sample size was considered for a total of 240 units.

The drilling technique for primary osseous healing (ROP) [14–16] was performed at a
low rotational speed of 30 rpm, using two different drill diameters of 3.4 mm and 3.7 mm.
CYROTH 0.40 and 0.45 fixtures shared the same dimensions, measuring 4 mm in diameter
and 10 mm in length. CYROTH T fixtures were 4 mm in diameter and 8 mm in length.
Each CYROTH implant featured a tapered profile and a smooth thread design. The apical
portion was rounded, and the threads were V-shaped. Surface grooves extended from
the apex to two-thirds of the length of the implant, and the surface treatment consisted of
double acid-etching. The implant–abutment connection utilized a Cone Morse connection
(Figures 1 and 2).

Figure 1. Summary of the study design and the various testing conditions applied to the three groups
of implants threads.

 

Figure 2. Implants positioned in different consistencies of polyurethane blocks.
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2.2. Drilling Procedure

In this investigation, two different drilling procedures were tested. The procedures
included ROP using a 3.4 mm drill (R3.4) and ROP using a 3.7 mm drill (R3.7). The
technique rationale was to decrease the time of the procedure while increasing patient
comfort and tolerance. The drills operated at low rotational speeds without irrigation,
allowing for maximum control during the osteotomy.

2.3. Insertion Torque (IT) and Removal Torque (RT) Assessment

All positioned fixtures were evaluated for IT during the insertion process. The tensile
and removal torque (RT) were measured through a dynamometric analysis. Both measure-
ments were taken using an OMEGA digital dynamometer (Arthur-Sauvé, St-Eustache, QC,
Canada), which was connected to the implant insertion driver according to the implant
system protocol.

2.4. Resonance Frequency Analysis (RFA)

The resonance frequency analysis (RFA) (Osstell, Columbia, MD, USA) is an electrome-
chanical device that assesses implant resonance. This device can eliminate non-compliant
pulses, providing reliable and reproducible measurements of implant micro-mobility. The
device is able to eliminate the non-compliant pulse, offering a reproducible assessment of
the implant micro-movement. For this purpose, the smartpeg no. 78 was used according to
the producer’s indications. A total of 2 measurements for each site with an angle of 90◦

between them were recorded and calculated.

2.5. Statistical Analysis

The sample size calculation has been considered using an ANOVA F test through
GPower software (version 3.1.9.6, Franz Faul, University of Stuttgart): effect size 0.32;
alfa error 0.05; 1-beta error: 0.80. A total of 240 sites has been considered (10 units for
each group).

Data analysis and elaboration were conducted using GraphPad Prism 9 (San Diego,
CA, USA). Descriptive statistics were calculated to determine the mean, median, standard
deviation, and 95% confidence intervals for all variables. Inferential statistics were per-
formed using the D’Agostino & Pearson normality test and Levene’s test for homogeneity
variances. The Kruskal–Wallis followed by Dunn’s post hoc test was employed to assess
the level of significance for all study variables under the testing conditions. A significance
level of p < 0.05 was considered statistically significant.

3. Results
3.1. IT Values

For the ‘10 PCF’ group, the CYROTH 0.40 subgroup with R3.4 had a mean of 5.72 Ncm,
a median of 5.7 Ncm, and a standard deviation of 0.155. The 95% confidence interval for
the mean ranged from 5.61 to 5.83. In the same group, the CYROTH 0.45 subgroup with
R3.7 had a mean of 3.86 Ncm, a median of 3.9 Ncm, and a standard deviation of 0.05.

Moving to the ‘10 PCF CORTICAL’ group, the CYROTH T subgroup with R3.4 had a
mean of 6.09 Ncm and a standard deviation of 0.12. The ‘20 PCF’ group showed significantly
higher mean values. For CYROTH 0.45 with R3.4, the mean was 25.8 Ncm, with a standard
deviation of 0.279. The CYROTH 0.40 subgroup with R3.7 had a mean of 15.3 Ncm and a
standard deviation of 0.16.

Lastly, the ‘20 PCF CORTICAL’ group presented some of the highest values. For the
CYROTH T subgroup with R3.4, the mean was 28.6 Ncm, with a standard deviation of 0.212;
the median for this subgroup was also 28.6 Ncm. Additionally, the CYROTH T subgroup
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with R3.7 had a mean of 26.7 Ncm, a median of 26.8 Ncm, and a standard deviation of
0.177. The 95% confidence interval for the mean of this subgroup ranged from 26.6 to 26.9
(Figure 3 and Table 1).

Figure 3. Chart summary of insertion torque (IT) measured across various polyurethane conditions.
All implants were tested using two preparation techniques.

Table 1. Summary of the descriptive statistics regarding the insertion torque (IT) of the entire study
group. CI: confidence interval.

10 PCF 10 PCF CORTICAL 20 PCF 20 PCF CORTICAL

CYROTH 0.40 CYROTH
0.45 CYROTH T CYROTH

0.40
CYROTH

0.45 CYROTH T CYROTH
0.40

CYROTH
0.45 CYROTH T CYROTH

0.40
CYROTH

0.45 CYROTH T

R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7

25% Percentile 5.58 3.9 4.9 3.8 5.98 3.98 16.4 15.3 15.4 9.8 25.8 18.7 27.7 23.5 25.6 23.6 26.6 28.4 28.4 25.5 27.2 20.4 43.2 26.6

Median 5.7 4.05 5 3.9 6.1 4.1 16.5 15.5 15.5 9.9 26 18.8 27.9 23.6 25.8 23.8 26.8 28.5 28.6 25.8 27.4 20.5 43.3 26.8

75% Percentile 5.9 4.2 5.1 3.9 6.2 4.2 16.6 15.6 15.6 10 26.3 19 28 23.7 25.8 23.8 27 28.6 28.8 25.8 27.4 20.6 43.4 26.9

Mean 5.72 4.05 5.01 3.86 6.09 4.08 16.5 15.5 15.5 9.91 26 18.8 27.8 23.6 25.7 23.7 26.8 28.5 28.6 25.7 27.3 20.5 43.3 26.7

Std. Deviation 0.155 0.127 0.08 0.05 0.12 0.12 0.13 0.16 0.12 0.09 0.279 0.16 0.16 0.08 0.13 0.16 0.21 0.13 0.212 0.163 0.106 0.116 0.149 0.177

Std. Error of the Mean 0.04 0.04 0.02 0.02 0.03 0.03 0.04 0.05 0.04 0.03 0.09 0.05 0.05 0.03 0.04 0.05 0.068 0.04 0.06 0.05 0.03 0.03 0.0471 0.0559

Lower 95% CI of the mean 5.61 3.96 4.95 3.82 6 3.99 16.4 15.4 15.4 9.85 25.8 18.7 27.7 23.5 25.6 23.6 26.6 28.4 28.4 25.6 27.3 20.4 43.2 26.6

Upper 95% CI of the mean 5.83 4.14 5.07 3.9 6.18 4.17 16.6 15.6 15.5 9.97 26.2 18.9 27.9 23.7 25.8 23.8 26.9 28.6 28.7 25.8 27.4 20.6 43.4 26.9

3.2. RT Values

Table 2 provides a descriptive statistical summary for four main groups: ‘10 PCF’, ‘10
PCF CORTICAL’, ‘20 PCF’, and ‘20 PCF CORTICAL’. Each group is further divided into
subgroups based on CYROTH values (0.40, 0.45, and T) and R values (3.4 and 3.7). The
statistics include the mean, median, standard deviation, and the 95% confidence intervals
for the mean.

Table 2. Summary of the descriptive statistics regarding the removal torque (RT) of the entire
study group.

10 PCF 10 PCF CORTICAL 20 PCF 20 PCF CORTICAL

CYROTH 0.40 CYROTH
0.45 CYROTH T CYROTH

0.40
CYROTH

0.45 CYROTH T CYROTH
0.40

CYROTH
0.45 CYROTH T CYROTH

0.40
CYROTH

0.45 CYROTH T

R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7

25% Percentile 3.80 3.00 3.90 3.38 4.30 3.68 14.5 9.50 12.5 3.80 3.00 3.90 3.38 4.30 3.68 14.5 9.50 12.5 3.80 3.00 3.90 3.38 4.30 3.68

Median 3.90 3.10 3.90 3.45 4.45 3.80 14.6 9.60 12.6 3.90 3.10 3.90 3.45 4.45 3.80 14.6 9.60 12.6 3.90 3.10 3.90 3.45 4.45 3.80

75% Percentile 3.90 3.20 4.00 3.50 4.50 3.80 14.7 9.73 12.7 3.90 3.20 4.00 3.50 4.50 3.80 14.7 9.73 12.7 3.90 3.20 4.00 3.50 4.50 3.80

Mean 3.87 3.11 3.94 3.42 4.36 3.74 14.6 9.63 12.6 3.87 3.11 3.94 3.42 4.36 3.74 14.6 9.63 12.6 3.87 3.11 3.94 3.42 4.36 3.74

Std. Deviation 0.0675 0.0876 0.0516 0.103 0.222 0.0843 0.120 0.116 0.0816 0.0675 0.0876 0.0516 0.103 0.222 0.0843 0.120 0.116 0.0816 0.0675 0.0876 0.0516 0.103 0.222 0.0843

Std. Error of the Mean 0.0213 0.0277 0.0163 0.0327 0.0702 0.0267 0.0379 0.0367 0.0258 0.0213 0.0277 0.0163 0.0327 0.0702 0.0267 0.0379 0.0367 0.0258 0.0213 0.0277 0.0163 0.0327 0.0702 0.0267

Lower 95% CI of the mean 3.82 3.05 3.90 3.35 4.20 3.68 14.5 9.55 12.5 3.82 3.05 3.90 3.35 4.20 3.68 14.5 9.55 12.5 3.82 3.05 3.90 3.35 4.20 3.68

Upper 95% CI of the mean 3.92 3.17 3.98 3.49 4.52 3.80 14.7 9.71 12.7 3.92 3.17 3.98 3.49 4.52 3.80 14.7 9.71 12.7 3.92 3.17 3.98 3.49 4.52 3.80

Notably, the descriptive statistics for the ‘10 PCF’, ‘20 PCF’, and ‘20 PCF CORTICAL’
groups are identical. For instance, in the CYROTH 0.40 subgroup with R3.4, the mean
is 3.87 Ncm, the median is 3.90 Ncm, and the standard deviation is 0.0675 across all
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three groups. The 95% confidence interval for the mean ranged from 3.82 to 3.92. A
similar pattern was observed in the CYROTH T subgroup with R3.4, with a mean of
3.94 Ncm, a median of 3.90 Ncm, and a standard deviation of 0.0516. In contrast, the
‘10 PCF CORTICAL’ group showed different statistical values for nearly all subgroups. For
the CYROTH 0.40 subgroup with R3.4, the mean was 14.6 Ncm, the median was 14.6 Ncm,
and the standard deviation was 0.120. The 95% confidence interval for this mean was
14.5–14.7. Additionally, for the CYROTH 0.45 subgroup with R3.4, the mean was 12.6 Ncm,
the median was 12.6 Ncm, and the standard deviation was 0.0816. Another significant
difference was evident in the CYROTH 0.40 subgroup with R3.7, which had a mean of
9.63 Ncm, a median of 9.60 Ncm, and a standard deviation of 0.116 (Figure 4).

Figure 4. Chart summary of the removal torque (RT) measured across various polyurethane condi-
tions. All implants were tested using two preparation techniques.

3.3. RFA Values

Table 3 includes descriptive statistics for various groups defined by PCF values,
cortical status, CYROTH values, and R values. The data illustrate a clear trend of in-
creasing mean and median values as the PCF increases and among different CORTICAL
groups. The lowest observed mean value is 38.7 implant stability quotient (ISQ), found
in the 10 PCF/CYROTH 0.45/R3.7 group, while the highest mean value is 71.5 ISQ, as-
sociated with the 20 PCF CORTICAL/CYROTH T/R3.4 group. For instance, the mean
for the 10 PCF/CYROTH 0.40/R3.4 group is 50.2 ISQ, while for the 20 PCF/CYROTH
0.40/R3.4 group, it is 67.6 ISQ.

Table 3. Summary of the descriptive statistics regarding the resonance frequency analysis (RFA)
across the entire study group.

10 PCF 10 PCF CORTICAL 20 PCF 20 PCF CORTICAL

CYROTH 0.40 CYROTH
0.45 CYROTH T CYROTH

0.40
CYROTH

0.45 CYROTH T CYROTH
0.40

CYROTH
0.45 CYROTH T CYROTH

0.40
CYROTH

0.45 CYROTH T

R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7 R3.4 R3.7

25% Percentile 50.0 48.0 51.5 50.5 43.0 38.4 61.0 61.4 63.0 62.5 57.4 52.0 67.0 65.5 68.0 66.5 61.0 61.0 67.3 67.9 71.0 70.0 66.0 64.4

Median 50.0 48.5 51.8 51.0 43.5 38.8 61.5 62.0 63.5 63.0 57.5 52.3 67.8 65.5 68.0 66.5 61.5 61.5 68.3 68.5 71.5 70.5 66.5 65.0

75% Percentile 50.5 49.0 52.0 51.0 44.0 39.0 62.0 62.0 64.0 63.0 58.0 53.0 68.0 66.0 68.6 66.5 62.0 62.0 69.0 68.6 72.0 71.0 67.0 65.0

Mean 50.2 48.6 51.7 50.8 43.5 38.7 61.5 61.7 63.6 62.8 57.6 52.5 67.6 65.7 68.3 66.5 61.5 61.5 68.1 68.3 71.5 70.5 66.6 64.7

Std. Deviation 0.258 0.438 0.350 0.354 0.408 0.412 0.408 0.422 0.438 0.350 0.394 0.497 0.497 0.337 0.422 0.236 0.471 0.471 0.994 0.635 0.408 0.438 0.438 0.422

Std. Error of Mean 0.0816 0.138 0.111 0.112 0.129 0.130 0.129 0.133 0.138 0.111 0.125 0.157 0.157 0.107 0.133 0.0745 0.149 0.149 0.314 0.201 0.129 0.138 0.138 0.133

Lower 95% CI of mean 50.0 48.2 51.4 50.5 43.2 38.4 61.2 61.4 63.2 62.5 57.3 52.1 67.2 65.4 68.0 66.3 61.2 61.2 67.4 67.8 71.2 70.1 66.2 64.4

Upper 95% CI of mean 50.4 48.9 52.0 51.0 43.8 38.9 61.8 62.0 63.9 63.1 57.9 52.8 67.9 65.9 68.6 66.7 61.8 61.8 68.8 68.7 71.8 70.8 66.9 65.0

The data dispersion, measured by the standard deviation, was generally very low, with
most values being less than 1. The standard deviation ranged from a minimum of 0.258 to
a maximum of 0.994, indicating that the data was tightly clustered around the mean for all
subgroups. This was further validated by the percentiles, which showed close proximity;
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for the 10 PCF/CYROTH 0.40/R3.4 group, the 25th percentile was 50.0, the median was
50.0 ISQ, and the 75th percentile was 50.5. Consequently, the 95% confidence intervals for
the mean were very narrow; for instance, the interval for a mean of 50.2 was 50.0–50.4. This
narrow range emphasized the precision of the estimates and the low variability in the data
(Figure 5).

Figure 5. Chart summary of resonance frequency analysis (RAF) measured in various polyurethane
conditions. All implants were tested using two preparation techniques.

3.4. Pairwise Comparison

The 30 rpm speed appeared suitable for achieving optimal fixation parameters in all
scenarios. The 0.45 mm thread significantly reduced the IT compared to both the 0.40 mm
thread and the standard 0.35 mm pitch. However, it also markedly increased the ISQ values,
reaching a maximum of 72/72 in the 20 PCF + CORTICAL consistency with the 3.4 mm
milling, which is six points higher than the standard. Across all other consistencies, the
ISQ values for the 0.45 mm thread were higher by 2 to 6 points (p < 0.05). In the 10 PCF
consistency block, results similar to those in the 20 PCF block were observed, albeit with
lower proportional values. The maximum IT was recorded in the 20 PCF block with the
cortical layer, yielding the best result with the standard 0.35 mm thread and a 3.4 mm
drill (43.1 Ncm). The lowest IT in the 20 PCF + CORTICAL block was found with the
0.45 mm thread and a 3.7 mm drill (20.6 Ncm). Generally, the lowest IT values occurred
in the 10 PCF block without cortical bone when using a 3.7 mm drill with the 0.45 mm
thread (3.8 Ncm) (p < 0.05). A progressive increase in IT is typically noted, starting from
the 10 PCF block without cortical bone using the 3.4 mm drill (in comparison to the 3.7 mm
drill). This trend continued with improvements in the 10 PCF + CORTICAL block using
the 3.4 mm drill. It then rose again in the 20 PCF block and reached its maximum levels in
the 20 PCF + CORTICAL block, as previously mentioned. The IT was consistently greater
for the same thread or polyurethane consistency with the 3.4 mm drilling, indicating the
importance of appropriate site preparation.

Additionally, the RT was proportionally lower when transitioning from 3.4 mm drilling
to 3.7 mm drilling. The highest RT values were observed for the 20 PCF consistency with
cortical bone for the standard 0.35 mm thread using the 3.4 mm drill (24.5 Ncm, p < 0.05).
Conversely, the lowest values were recorded for the 10 PCF block with the 0.40 mm and
0.45 mm threads (3–3.2 Ncm) using the 3.7 mm drill. In the 10 PCF block without cortical
bone, the values were significantly lower compared to those with cortical bone and were
relatively poor (3–4.5 Ncm, p < 0.05). Overall, a progressive increase in RT was noted when
moving from the 10 PCF block without cortical bone to the one with cortical bone, for both
for the 3.4 mm and, to a slightly lesser extent, the 3.7 mm drilling. The RT values increased
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with the 20 PCF consistency without cortical bone and reached their maximum with the
20 PCF consistency with cortical bone (24.5 Ncm, p < 0.05). The RT results were consistently
lower with the 3.7 mm drill compared to the 3.4 mm drill, regardless of the consistency.

Regarding RFA, the maximum ISQ values were achieved in the 20 PCF block with
cortical (p < 0.05). The best ISQ value was obtained with the 0.45 mm thread, reaching
a score of 72/72 when using the 3.4 mm drill. The lowest score was from the 10 PCF
block without cortical bone for the standard 0.35 mm thread using the 3.7 mm drill (38/38,
p < 0.05). Generally, the ISQ values measured were lower for 3.7 mm drilling compared to
3.4 mm across all polyurethane consistencies. The values showed a progressively increasing
trend from the standard thread to the 0.40 mm and 0.45 mm threads (p < 0.05). Consistently,
the 0.45 mm thread achieved higher values than the others under the same drilling diameter
(p < 0.05). There was a noted progressive increase in ISQ, starting from the lowest value
in the 10 PCF block without cortical bone using the 3.7 mm drill (p < 0.05), which slightly
improved with the 3.4 mm drill. This trend continued with an increase in polyurethane
consistency (20 PCF) without cortical bone, eventually reaching the maximum values in the
20 PCF consistency with cortical bone (72/72 for the 0.45 mm thread, p < 0.05). The standard
0.35 mm thread consistently yielded lower results under every condition of consistency
and drilling diameter (p < 0.05).

4. Discussion
The tapered-cylindrical macro-geometric design of all tested implants contributes to

their stabilization. The progressive insertion into the polyurethane allows for maximum IT
and ISQ values to be reached near the implant platform. Variations in thread protrusion
alter the biomechanical characteristics, highlighting a poor correlation between the trends
of IT and ISQ.

Specifically, the standard 0.35 mm threads caused a significant increase in IT, while
the 0.40 mm and, in particular, the 0.45 mm threads promoted an increase in ISQ. These
two parameters often show an inverse proportional relationship. The 0.45 mm thread
pitch appeared to optimize ISQ at the expense of IT (which remains high in high-density
polyurethanes). Conversely, the traditional 0.35 mm thread pitch seemed to favor IT at
the expense of ISQ. This data suggests that thread protrusion is a key factor in achieving
one effect or the other. The 0.45 mm threads, by reducing the core diameter and increasing
the protrusion, decreased the bulk and compression of the core within the polyurethane,
thus lowering the IT. Simultaneously, the increased surface area of the thread in contact
with the polyurethane elevates the ISQ. Conversely, the traditional 0.35 mm thread pitch,
with a larger core diameter, increased friction and compression of the implant core on
the polyurethane, thereby raising the IT. However, this deforms the polyurethane and
hinders proper interaction between the threads and the material, leading to lower stability
and a decrease in ISQ. In the 10 PCF blocks without cortical bone, the low density of
the polyurethane resulted in reduced IT values for all threads. The use of the 3.7 mm
drill further negatively impacted the values of all parameters. In general, the absence
of cortical bone causes a decrease in IT, RT, and ISQ, underscoring the importance of at
least 1 mm of cortical bone for improving these values. This observation confirms that
substrate consistency is a critical factor and is consistent with the results of previous studies.
A limitation of this study is the difference in length between the implant groups, with
the standard Cyroth T fixtures measuring compared to the length of the Cyroth 0.40 and
0.45 implants. This dimensional discrepancy may introduce a confounding variable, as
implant surface area is directly proportional to length, potentially affecting the overall
measured primary stability values (IT, RT, and ISQ)
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Under-preparation of the site (0.3 mm with a 3.7 mm drill and 0.6 mm with a 3.4 mm
drill) significantly influences the parameters studied. Specifically, the 0.3 mm under-
preparation highlights the importance of thread protrusion (0.35 mm–0.40 mm–0.45 mm)
for stabilization and anchorage. With a 0.6 mm under-preparation (from the 3.4 mm drill),
the stabilization provided by the wider core (thread with 0.35 mm protrusion) becomes more
important, leading to an increase in IT but a reduction in ISQ. The rotation speed of 30 rpm
also proved to be a crucial parameter. Maintaining a low speed prevents the hole from
becoming oval and optimizes the implant–polyurethane contact. This approach, combined
with a single drilling pass, was chosen based on previous studies that demonstrated
superior results with fewer drilling passes and lower revolutions. Clinically, this is highly
relevant for immediate loading procedures, as better initial implant stability is fundamental
for prosthetic rehabilitation. A significant clinical finding is that the 0.45 mm threads
maintain high ISQ values (above 50) in all conditions, unlike the other threads that can reach
insufficient values (38–39) in low-density bone conditions (10 PCF without cortical bone).
The absence of cooling fluids in the in vitro tests might have influenced the parameters due
to the lack of site cleansing and irrigation during drilling. However, careful cleaning of the
sites to remove debris mitigated this effect, following the principles of the ROP technique
to maximize implant-to-polyurethane contact with minimal interference from debris at
the interface.

In vitro tests on polyurethane blocks are a fundamental and widely used tool in
dental implantology research [17,18]. These blocks, made from standardized composite
materials, come in various densities that accurately mimic the different bone qualities (D1,
D2, D3, D4) a surgeon might encounter in clinical practice [17,18]. The use of this “artificial
bone” offers a controlled and repeatable testing environment, eliminating the complex
biological and anatomical variables that characterize human bone tissue [19]. Thanks to
this standardization, researchers can conduct reliable comparative studies to evaluate the
effectiveness of different implant designs and surgical protocols [20]. The parameters
measured in these tests are crucial for understanding the implant’s primary stability, which
is its initial resistance to micromovement immediately after insertion [21].

Studies conducted on these models have highlighted the critical importance of implant
macrogeometry and the drilling protocol [22]. It has been shown, for example, that a
slight under-preparation of the implant site—using a drill with a slightly smaller diameter
than the implant—can significantly increase the IT and ISQ, thereby improving initial
stability [19]. In summary, tests on polyurethane blocks offer a robust scientific method
for validating innovation in the field of dental implants, providing objective data that
guides both the research and development of new products and the clinical decisions
of professionals [23]. The morphology of implant threads plays a crucial and direct role
in determining the primary stability of a dental implant, which is its initial resistance to
micromovement immediately after insertion [24]. This parameter is fundamental for the
long-term success of osseointegration. Primary stability is the result of the mechanical
interaction between the implant surface and the surrounding bone, and the thread design
is the element that most influences this interaction [25]. The design of a thread can vary
in several aspects, each of which contributes specifically to stability: thread depth and
width, pitch and geometry. Deeper and wider threads tend to increase the implant’s contact
surface with the bone. This is particularly advantageous in cases of low-density bone
(type D3 and D4) [6,26], where the sponginess of the bone does not offer a strong grip.
Aggressive threads in these conditions act like an anchor, improving mechanical retention
and reducing the risk of early failure. Conversely, in dense bone (types D1 and D2), less
aggressive threads are preferable to avoid excessive bone compression that could lead to
resorption [27]. The pitch, which is the distance between threads, influences the amount
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of bone compacted during insertion [6,26]. A wider pitch is often associated with better
cutting ability and increased stability in poor-quality bone [28]. In contrast, a reduced pitch
may be more suitable for dense bone, ensuring a more uniform distribution of forces. The
profile can be aggressive or non-aggressive [6,26]. Threads with an aggressive profile are
ideal for less compact bone and for post-extraction procedures, where the available bone
is limited. These designs allow the implant to “self-tap” its way, improving anchorage.
Instead, less aggressive profiles are more suitable for dense cortical bone, where their
main function is to ensure an optimal bone–implant interface without generating excessive
stress [6,26].

The main clinical relevance of this study is that in conditions of poor bone density,
it is advisable to use an implant with a greater thread protrusion (0.45 mm) to maximize
the surface contact and ensure stability. To manage excessive IT, which should always be
avoided, it is preferable to adjust the under-preparation of the site rather than the thread
protrusion. In practice, it is more advantageous to always use a protruding thread like
the 0.45 mm and adjust the under-preparation at low speeds, rather than reducing thread
protrusion and risking excessive compression and a detrimental increase in IT.

5. Conclusions
This study demonstrated that implant thread pitch and drilling technique are critical

factors influencing primary stability. Specifically, a more aggressive under-preparation drill
consistently resulted in higher Insertion Torque (IT), Removal Torque (RT), and Implant
Stability Quotient (ISQ) values across all bone densities when compared to standard drill.
Utilizing a wider thread pitch (0.45 mm) along with an under-preparation drilling protocol
can significantly improve implant stability, even in low-density bone, without the need for
excessive IT. These findings suggest that selecting the appropriate implant macrogeometry
and surgical technique can optimize the primary stability of dental implants.
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