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ABSTRACT
Purpose: Accurate assessment of the primary stability of dental implants is essential for predicting osseointegration and deter-

mining loading protocols. This in vitro study aimed to evaluate the primary stability of dental implants of varying lengths across

simulated bone densities using the insertion torque value (ITV) and resonance frequency analysis (RFA).

Materials and Methods: Morse-taper implants (5.0mm diameter) were divided into four groups based on length: 5, 6, 7, and

8mm. Implants were placed into polyurethane foam blocks of varying densities: PCF 40, PCF 30 (with 2 and 1mm cortical layers),

and PCF 20 (with a 1mm cortical layer). Primary stability was measured via ITV and RFA, yielding an implant stability quotient

(ISQ).

Results: In high-density foam (PCF 40), both ITV and ISQ increased proportionally with implant length, with the 8mm implant

demonstrating the highest stability (ITV= 109.26Æ 4.79Ncm and ISQ= 73.5Æ 2.32). Conversely, in low-density foam (PCF 20/1mm),

a direct relationship was observed, where the shortest implant (5mm) exhibited the lowest stability (ITV= 36.8Æ 3.27Ncm

and ISQ= 45.8Æ 2.66), whereas the highest stability was presented by the 8mm implant (ITV= 61.36Æ 2.00Ncm and

ISQ= 56.3Æ 2.67).

Conclusion: Implant length significantly influences primary stability, but its effect is highly dependent on bone density. While

shorter implants provide sufficient primary stability and may reduce surgical risks in highly dense bone, increased implant length

is crucial for achieving superior primary stability in poor-quality bone with thin cortical plates.

1 | Introduction

Dental implants have revolutionized modern dentistry by provid-

ing a reliable solution for replacing missing teeth. The success of

an implant depends on its ability to achieve and maintain

stability within the maxillary or mandibular bone [1]. Implant
stability is critical for osseointegration and is divided into two
phases: primary and secondary stability [2]. Primary stability is
achieved immediately after implant placement through

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

Copyright © 2026 Sergio Alexandre Gehrke et al. International Journal of Dentistry published by John Wiley & Sons Ltd.

International Journal of Dentistry, 2026; 2026:4201028 1 of 7
https://doi.org/10.1155/ijod/4201028

 International Journal of Dentistry 

https://doi.org/10.1155/ijod/4201028
https://orcid.org/0000-0002-5863-9101
https://orcid.org/0009-0000-9618-4323
https://orcid.org/0000-0001-7603-3544
https://orcid.org/0000-0003-3022-4390
mailto:5Center for Interdisciplinary Research in Health (CIIS) - Universidade Cat&x00F3;lica Portuguesa (UCP)ViseuPortugal
mailto:5Center for Interdisciplinary Research in Health (CIIS) - Universidade Cat&x00F3;lica Portuguesa (UCP)ViseuPortugal
mailto:5Center for Interdisciplinary Research in Health (CIIS) - Universidade Cat&x00F3;lica Portuguesa (UCP)ViseuPortugal
mailto:5Center for Interdisciplinary Research in Health (CIIS) - Universidade Cat&x00F3;lica Portuguesa (UCP)ViseuPortugal
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/ijod/4201028
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1155%2Fijod%2F4201028&domain=pdf&date_stamp=2026-06-19


mechanical retention, while secondary stability is reached over
time as new bone forms around the implant. Therefore, accu-
rately assessing implant stability is essential for ensuring long-
term success, reducing overall treatment time, and guiding clini-
cal decisions, such as immediate or early loading protocols [3, 4].

Resonance frequency analysis (RFA) is one of the most widely
accepted and noninvasive techniques for this assessment. This
technique quantifies implant stability using the implant stability
quotient (ISQ), with higher values indicating greater stability [5].
The reliability of the Osstell device has been demonstrated across
various clinical settings, making it a standard tool for assessing
stability without requiring direct contact with the implant-bone
interface. In addition to RFA, insertion torque value (ITV) is
employed to measure the resistance encountered during place-
ment, providing immediate insights into mechanical stability [6].

Recent studies have highlighted the paramount importance of
bone density and quality in determining this primary stability.
Bone density, often assessed via cone beam computed tomogra-
phy (CBCT), significantly influences ISQ values [7]. Further-
more, factors, such as bone quantity and cortical thickness,
play a crucial role in implant stabilization [8, 9]. The impact of
implant macrogeometry on stability has also been a focal point of
recent research; specific thread designs and lengths can enhance
stability in varying bone densities [10, 11]. However, the exact
interplay between the implant length and varying cortical thick-
nesses remains under investigation [12].

Understanding how the device performs in different scenarios is
essential, especially in cases involving variable bone quality and
density. This in vitro study aims to evaluate the primary stability
of dental implants of varying lengths placed in simulated bone of
different densities and cortical thicknesses, utilizing both ITV
and RFA measurements. The null hypothesis tested was that
there would be no significant difference in primary stability, as
measured by ITV and RFA, among implants of varying lengths
across different simulated bone densities.

2 | Materials and Methods

This study followed the CRIS guidelines for in vitro studies.

2.1 | Implant Characteristics

The study used Implacil de Bortolli dental implants (São Paulo,
Brazil), all with a uniform diameter of 5.0mm. The implants
featured a standardized tapered macrogeometry, V-shaped
threads, and a sandblasted and acid-etched surface topography
with titanium oxide microparticles (~120 µm). The implants were
divided into four experimental groups based on their length: (1)
Group A: 5.0mm ø× 5mm length; (2) Group B: 5.0mm ø× 6mm
length; (3) Group C: 5.0mm ø× 7mm length; and (4) Group D:
5.0mm ø× 8mm length (Figure S1).

2.2 | Simulated Bone Substrate

To standardize the testing environment and isolate the variables
of bone density and cortical thickness, synthetic polyurethane
foam blocks (Sawbones, Nacional, São Paulo, Brazil) were uti-
lized. Density was categorized in pounds per cubic foot (PCF).
The blocks simulate the mechanical properties of human bone
and were categorized into four distinct densities: (1) PCF 40: high
density, representing type D1 solid rigid bone; (2) PCF 30/2mm:
medium density with a 2mm simulated cortical layer, represent-
ing type D2 bone; (3) PCF 30/1mm: medium density with a 1mm
simulated cortical layer; and (4) PCF 20/1mm: low density with a
1mm simulated cortical layer, representing poor-quality type
D3/D4 bone (Figure S2).

2.3 | Measurement Protocols

The osteotomies were prepared using a surgical motor set to a
drilling speed of 1000RPM (BLM 600 Surgical implant device and
20:1 contra-angle – Driller, Sao Paulo, Brazil), with copious irri-
gation of saline solution. Implants were placed into the polyure-
thane blocks according to the manufacturer’s drilling protocol
(Figure 1). Ten samples (n= 10) were placed for each implant
length within each bone density category, based on a power
analysis derived from a previous similar in vitro study, designed
to achieve 80% power at an alpha level of 0.05 [13].

The ITV, which measured the maximum torque required to fully
seat the implant, was recorded in Ncm during the final phase of
placement, and the RFA was measured immediately following

FIGURE 1 | Automated insertion torque measurement setup. The experimental setup depicts a specialized motor system connected to a computer.

An implant is being inserted into a bone block while the software records real-time torque values (Ncm) in a graphical format.

2 of 7 International Journal of Dentistry, 2026

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/4201028 by U

niversidade C
atolica, W

iley O
nline L

ibrary on [29/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



implant placement. Primary stability was assessed utilizing an
Osstell Mentor Device (Integration Diagnostic AB, Savadelen,
Sweden). SmartPegs number 49 (Integration Diagnostic AB,
Savadelen, Sweden), compatible with the implant system, were
attached, and measurements were recorded in orthogonal direc-
tions to yield a final mean ISQ value for each implant (Figure 2).
The ISQ ranged from 0 to 100 (measured between 3500 and
85,000Hz).

The insertion torque was continuously recorded using a cali-
brated automated testing machine (CME-30 nm, Técnica Indus-
trial Oswaldo Filizola, Sao Paulo, Brazil) controlled by
customized software (DynaView Torque Pro – v. 1.1.0). To ensure
exact reproducibility, all insertions were performed under iden-
tical automated conditions at a standardized continuous inser-
tion speed of 30RPM until the implant was fully seated.

2.4 | Statistical Analysis

Data were categorized by bone group (PCF 40, 30/2, 30/1, and
20/1mm) and insertion depth (5–8mm). Peak torque and ISQ
were analyzed using descriptive statistics and a two-way ANOVA
to evaluate the main effects and their interactions. Tukey’s HSD
test was used for post-hoc pairwise comparisons.

The relationship between insertion torque and stability was
assessed using Pearson’s correlation coefficient (r). Correlations
were calculated both globally and within individual experimental
groups to determine if the relationship remained consistent
across conditions. All statistical analyses were performed using
SPSS version 29.0 (IBM Corp., Armonk, NY, USA)/GraphPad
Prism version 10 (GraphPad Software, Boston, MA, USA). The
level of significance was set at α= 0.05.

3 | Results

The primary stability measurements, categorized by bone density
and implant length, are summarized in Table 1.

3.1 | High-Density Bone (PCF 40)

In the densest substrate (PCF 40), a direct proportional relation-
ship was observed between the implant length and primary sta-
bility. The ITV increased significantly from 71.72Æ 3.38Ncm for
the 5mm implant to 109.26Æ 4.79Ncm for the 8mm implant.
Similarly, ISQ values increased steadily with length, rising from
72.0Æ 2.11 (5mm) to 73.5Æ 2.32 (8mm).

3.2 | Medium-Density Bone (PCF 30)

Interestingly, in the medium-density substrates, the implant
length had a negligible effect on primary stability. In the PCF
30 substrate with a 2mm cortical layer, ITV and ISQ values
remained remarkably consistent across all implant lengths. ITV
values ranged tightly between 73.4Æ 2.59Ncm and 75.36Æ 3.26

FIGURE 2 | Resonance frequency analysis (RFA) for stability. The

secondary stability metric was measured using an Osstell device. A mag-

netic SmartPeg is attached to the implant, and the probe measures the

implant stability quotient (ISQ) through noncontact resonance frequency

analysis.

TABLE 1 | Mean insertion torque values (ITV) and implant stability quotients (ISQ)Æ standard deviation across varying bone densities and implant

lengths.

Category/bone substrate Measurement/source 5mm 6mm 7mm 8mm

PCF 40 ITV (Ncm) 71.72Æ 3.38 90.86Æ 4.18 102.24Æ 4.52 109.26Æ 4.79

ISQ 72.00Æ 2.11 73.20Æ 2.25 73.40Æ 2.17 73.50Æ 2.32

PCF 30/2mm ITV (Ncm) 73.40Æ 2.59 74.10Æ 2.20 73.74Æ 3.24 75.36Æ 3.26

ISQ 62.20Æ 2.30 62.20Æ 2.44 62.40Æ 3.20 62.60Æ 2.63

PCF 30/1mm ITV (Ncm) 70.70Æ 2.22 70.62Æ 2.44 71.26Æ 2.47 73.46Æ 2.01

ISQ 60.30Æ 2.00 61.20Æ 2.82 61.90Æ 2.23 62.60Æ 2.80

PCF 20/1mm ITV (Ncm) 36.80Æ 3.27 51.58Æ 3.19 58.28Æ 2.90 61.36Æ 2.00

ISQ 45.80Æ 2.66 52.00Æ 3.06 53.70Æ 2.54 56.30Æ 2.67

Statistical correlation Source of variation Torque (F) Torque (p) ISQ (F) ISQ (p)

Group (bone type) 1159.41 <0.001 462.21 <0.001

Depth 209.98 <0.001 15.23 <0.001

Interaction 60.86 <0.001 6.03 <0.001

International Journal of Dentistry, 2026 3 of 7
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Ncm, while ISQ values hovered between 62.2 and 62.6. A similar
plateau effect was observed in the PCF 30 blocks with a thinner
1mm cortical layer, where ITV ranged from 70.62 to 73.46Ncm
and ISQ ranged from 60.3 to 62.6.

3.3 | Low-Density Bone (PCF 20/1mm)

In the lowest-density substrate (simulating poor-quality bone
with a thin 1mm cortical layer), the implant length proved criti-
cal for achieving stability. A strong positive correlation was
observed: the shortest implant (5mm) exhibited markedly lower,
potentially inadequate stability, with an ITV of 36.8Æ 3.27Ncm
and an ISQ of 45.8Æ 2.66. However, as the implant length
increased to 8 mm, stability progressively and significantly
improved, reaching a much more clinically acceptable ITV of
61.36Æ 2.00Ncm and an ISQ of 56.3Æ 2.67.

3.4 | Torque and Stability (ISQ)

The variables, torque and ISQ, varied significantly across the
experimental conditions (Table 1). PCF 40 consistently exhibited
the highest values for both metrics, particularly at greater depths.
Conversely, the PCF 20/1mm group showed the lowest overall
torque and stability values. The statistics revealed that the inter-
action between insertion depth and bone type was highly signifi-
cant (p <0:001) for both torque and ISQ.

The group (bone type) effect was the dominant factor (F=
1159.41, p <0:001), followed by depth (F= 209.98, p <0:001). A
significant interaction effect (F= 60.86, p <0:001) indicates that
the rate of torque increase with depth was significantly steeper in
the PCF 40 group than in the others (Figure 3). For ISQ, similar
stability trends were observed, with significant main effects for
group (F= 462.21, p <0:001) and depth (F= 15.23, p <0:001)
(Figure 4). The interaction was also significant (F = 6.03,
p <0:001), indicating that stability gains with depth varied by
material density.

Tukey HSD testing confirmed that PCF 40 was statistically super-
ior to all other groups for both torque and ISQ (p <0:05). No
statistically significant difference was observed between PCF
30/1mm and PCF 30/2mm (p¼ 0:573 for Torque; p¼ 0:628 for
ISQ), indicating that these two configurations yield comparable
mechanical results (Figure 5).

A strong overall positive correlation was found between Torque
and ISQ (r= 0.860), indicating that higher insertion torque gen-
erally reflects higher primary stability. However, group-specific
analysis showed variation: PCF 20/1mm maintained a high cor-
relation (r= 0.788), whereas denser groups, such as PCF 40,
showed a lower internal correlation (r= 0.199), likely because
torque reached high values, while ISQ scores reached a biologi-
cal/mechanical plateau (Figure 6).

4 | Discussion

The assessment of dental implant stability is a cornerstone of
modern implantology, heavily dictating the success of osseointe-
gration and the predictability of immediate or early loading pro-
tocols. To address the clinical question of whether longer
implants universally guarantee better primary stability, this study
investigated how implant macrogeometry (specifically length)
interacts with varying bone densities. By integrating RFA (ISQ)
and ITV methodologies, this in vitro study provides a compre-
hensive evaluation of these biomechanical dynamics. The find-
ings of the present study convincingly demonstrate that the
biomechanical role of implant length is not universal; rather,
its impact depends entirely on the structural quality of the receiv-
ing bone bed.

In low-density medullary bone models with a thin cortical plate
(PCF 20/1mm), the data revealed a critical dependence on the
implant length. In these scenarios, representing poor-quality type
D3 or D4 bone often found in the posterior maxilla, short
implants (5mm) yielded inadequate primary stability (ISQ=
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FIGURE 3 | Mean torque values by bone density and implant length. This line graph illustrates that insertion torque increases proportionally with

implant length. The 40 PCF bone (blue line) consistently required the highest torque, while the 20 PCF (yellow line) remained significantly lower.
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45.8 and ITV= 36.8 Ncm). Such values historically suggest a
higher risk of micro-movement and potential implant failure

under functional loading. However, simply increasing the implant

length to 8mm elevated the mechanical retention to clinically

viable thresholds (ISQ= 56.3 and ITV= 61.36Ncm). This confirms

that in low-density bone, where dense cortical anchorage is lack-

ing, maximizing osteotomy depth allows greater apical and lateral

engagement of the trabecular bone, thereby serving as the primary

compensatory mechanism for poor bone quality [14].

Conversely, in highly dense, solid bonemodels (PCF 40, analogous to
type-D1 bone), primary stability was overwhelmingly high across all
lengths. While increasing the implant length from 5 to 8mm yielded
a statistically significant increase in ITV (from 71.72–109.26Ncm),

the clinical relevance of this increase is debatable [6, 9]. An insertion
torque exceeding 70Ncm is already robust enough to support imme-
diate loading protocols; pushing torque values beyond 100Ncm in
dense human bone could theoretically risk pressure necrosis and
subsequent marginal bone loss. Therefore, it was hypothesized that
in high-density bone, shorter implants could be clinically advanta-
geous, helping to avoid excessive surgical traumawhile still ensuring
excellent primary stability. Furthermore, in certain high-density sce-
narios, the friction generated during the insertion of a longer implant
may overprepare the soft trabecular space, effectively stripping the
limited cortical anchorage by the time the implant is fully seated.
This corroborates recent in vitro evaluations reporting distinct effects
of bone density and length on primary stability across varying poly-
urethane block densities [12].
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FIGURE 4 | Mean ISQ values by bone density and implant length. The graph shows that stability (ISQ) is highly dependent on bone density. While

the 40 PCF group maintains a high stability plateau across all lengths, the lower-density 20 PCF group shows a distinct improvement in stability as

implant length increases.
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FIGURE 5 | Box-plot distribution of Torque and ISQ. Comparative box plots show the distribution of data across the four bone types. The 40 PCF-CP

group exhibits the highest median values for both metrics, whereas the 20 PCF-CP1 group shows the lowest values and greatest variability in torque.
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Perhaps the most intriguing finding was observed in the
medium-density substrates (PCF 30). Whether interacting with
a 1 or 2mm cortical layer, increasing the implant length from 5 to
8 mm produced a “plateau effect,” yielding no significant
improvement in primary stability. This strongly suggests that in
type D2 bone scenarios, stability is dictated almost entirely by the
implant’s cervical engagement within the cortical plate [6, 9].
Once the cortical bone is fully engaged by the coronal threads,
adding extra length to the softer underlying medullary bone pro-
vides a negligible mechanical benefit. This highlights the need for
clinicians to select appropriate implant designs based on the
patient’s specific bone characteristics rather than assuming that
“longer is always better.” As demonstrated by some authors [14,
15], specific macrodesigns and deep threads often improve stabil-
ity in challenging anatomical sites, suggesting that modifying the
thread geometry, rather than increasing implant length, is the
preferred strategy for D2/D3 bone types.

Clinically, these results challenge the outdated paradigm that
“longer implants are always better.” Instead, they advocate for
a site-specific surgical approach. When clinicians encounter
dense or medium-density bone with adequate cortical thickness,
using shorter implants can reduce surgical morbidity and ana-
tomical risks (such as proximity to the sinus or nerves) without
sacrificing primary stability. However, when preoperative imag-
ing reveals poor-density bone with minimal cortical support, uti-
lizing a longer implant or modifying thread geometries to
increase bone-to-implant contact becomes a biomechanical
necessity to achieve the stability required for successful osseoin-
tegration [11].

5 | Limitations of the Present Study

While this study provides clear biomechanical trends, its in vitro
nature must be acknowledged. Polyurethane foam blocks (Saw-
bones) provide a highly standardized, reproducible medium that
eliminates the anatomical and structural confounding variables
of cadaveric or animal bone. However, they lack the biological
vitality, vascularization, and anisotropic properties of the natural
human bone. Specifically, while PCF blocks standardize density,
they lack the complex, interconnected trabecular micro-architec-
ture and anisotropic behavior of in vivo human bone; therefore,
direct extrapolation of these mechanical thresholds to clinical
protocols should be interpreted with caution.

Furthermore, this study measures only primary (mechanical)
stability and cannot evaluate the biological remodeling phase
(secondary stability) or the host’s inflammatory response to
high insertion torques. Finally, the uniform simulated cortical
layers do not fully capture the complex and irregular cortical
morphology encountered clinically. While previous in vitro stud-
ies have examined the device performance, only a few have
assessed implants across different bone types. By utilizing a
highly controlled, standardized substrate medium, this study suc-
cessfully isolated the mechanical variables of length and density,
eliminating operator technique and patient-specific healing time-
lines as confounding factors [9, 11, 16]. Future in vivo studies and
randomized clinical trials are needed to validate these bio-
mechanical thresholds under dynamic functional loading.

6 | Conclusions

The pursuit of optimal primary stability requires a nuanced
understanding of the interactions between the implant macro-
geometry and host bone architecture. Based on the findings of
this in vitro evaluation and rejecting the null hypothesis formu-
lated, the following conclusions can be drawn: (1) in low-density
bone with thin cortical plates, implant length is a critical deter-
minant of success. Longer implants significantly increase pri-
mary stability, compensating for the lack of dense bone
structure; (2) in medium-density bone, primary stability is dic-
tated predominantly by cortical engagement. Increasing implant
length provides negligible mechanical benefit, suggesting that
shorter implants are equally effective; and (3) in high-density
bone, while longer implants generate extreme insertion torques,
even the shortest implants achieve excellent primary stability.
Subject to future clinical validation, these findings hypothesize
that clinicians might consider shorter implants in highly dense
regions to potentially minimize the risk of pressure necrosis.
Ultimately, implant length must be prescribed on a case-by-
case basis, heavily guided by preoperative assessments of bone
density to ensure predictable and successful clinical outcomes.

Author Contributions

Sergio Alexandre Gehrke, Gracey Mosley, Juliana Campos Hasse Fer-
nandes, and Gustavo Vicentis Oliveira Fernandes were responsible for
conceptualization, methodology, software, validation, formal analysis,
investigation, resources, data curation, writing – original draft, writing
– review and editing, and visualization. Sergio Alexandre Gehrke and
Gustavo Vicentis Oliveira Fernandes were responsible for supervision,

80

Correlation between torque and ISQ (overall R = 0.860)

75

70

65

60IS
Q

55

50

45

40 60 80
Torque

100 120

Type of bone
PCF 40
PCF 30/2 mm
PCF 30/1 mm
PCF 20/1 mm

Implant length
5
6
7
8
Overall regression

FIGURE 6 | Correlation analysis between torque and ISQ. A scatter

plot with a linear regression line demonstrates a strong positive correla-

tion (R= 0.860, p <0:001) between the maximum insertion torque and

the ISQ values. This suggests that mechanical resistance during place-

ment is a reliable predictor of primary stability.

6 of 7 International Journal of Dentistry, 2026

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/4201028 by U

niversidade C
atolica, W

iley O
nline L

ibrary on [29/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



and had full access to all data in this study and take full responsibility for
the integrity and accuracy of the data analysis. Sergio Alexandre Gehrke
was responsible for project administration.

Acknowledgments

The AI tool (ChatGPT) was used for English text polishing.

Funding

No funding was available for this study.

Disclosure

All authors have read and approved the final version of the manuscript.

Ethics Statement

The authors have nothing to report.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The authors confirm that the data supporting the findings of this study
are available within the article and/or its Supporting Information section.

References

1. M. Remísio, T. Borges, F. Castro, S. Gehrke, J. Fernandes, and
G. Fernandes, “Histological Osseointegration Level Comparing Titanium
and Zirconia Dental Implants: Meta-Analysis of Pre-Clinical Studies,”
The International Journal of Oral & Maxillofacial Implants 38, no. 4
(2023): 667–680.

2. S. A. Gehrke, J. S. Aramburú Jr, T. L. E. Treichel et al., “Implant
Stability and Histomorphometric Analysis Comparing Two Different
Implant Macrogeometries Placed in Fresh Sockets: An Experimental
Study in Sheep,” The International Journal of Oral & Maxillofacial
Implants 39, no. 6 (2024): 857–866.

3. F. Javed and G. E. Romanos, “The Role of Primary Stability for
Successful Immediate Loading of Dental Implants. A Literature Review,”
Journal of Dentistry 38, no. 8 (2010): 612–620.

4. G. Bavetta, G. Bavetta, V. Randazzo, et al., “A Retrospective Study on
Insertion Torque and Implant Stability Quotient (ISQ) as Stability
Parameters for Immediate Loading of Implants in Fresh Extraction
Sockets,” Biomed Research International 2019 (2019): 9720419.

5. T. Krafft, F. Graef, and M. Karl, “Osstell Resonance Frequency
Measurement Values as a Prognostic Factor in Implant Dentistry,”
Journal of Oral Implantology 41, no. 4 (2015): e133–e137.

6. L. Feng, H. Chen, Z. Chen, Y. Chen, and G. Xiao, “Associations
Between Cortical Bone-to-Implant Contact and Microstructure Derived
From CBCT and Implant Primary Stability,” Clinical Oral Implants
Research 34, no. 3 (2023): 243–253.

7. A. T. Noaman and S. Y. Bede, “The Effect of Bone Density Measured
by Cone Beam Computed Tomography and Implant Dimensions on the
Stability of Dental Implants,” Journal of Craniofacial Surgery 33, no. 6
(2022): e553–e557.

8. S. Rues, M. Schmitter, S. Kappel, R. Sonntag, J. P. Kretzer, and
J. Nadorf, “Effect of Bone Quality and Quantity on the Primary Stability
of Dental Implants in a Simulated Bicortical Placement,” Clinical Oral
Investigations 25, no. 3 (2021): 1265–1272.

9. H. Al-Juboori, Z. Petronis, and D. Razukevicius, “The Interrelation
Between Cortical Bone Thickness and Primary and Secondary Dental
Implant Stability: A Systematic Review,” Journal of Oral and
Maxillofacial Research 15, no. 4 (2024): e2.

10. J. Popovski, M. Mikic, D. Tasevski, S. Dabic, and R. Mladenovic,
“Comparing Implant Macrodesigns and Their Impact on Stability: A
Year-Long Clinical Study,” Medicina 60, no. 9 (2024): 1546.

11. S. A. Haseeb, K. Rajendra, L. Manual, A. S. Kochhar, D. Dubey, and
G. S. Dang, “Comparative Evaluation of Implant Stability, Insertion
Torque, and Implant Macrogeometry in Different Bone Densities Using
Resonance Frequency Analysis,” The Journal of Contemporary Dental
Practice 22, no. 6 (2021): 665–668.

12. J. Lee, Y.-J. Lim, J.-S. Ahn, B. Kim, Y.-W. Baek, and B.-S. Lim,
“Correlation of Two Different Devices for the Evaluation of Primary
Implant Stability Depending on Dental Implant Length and Bone
Density: An In Vitro Study,” PLoS ONE 19, no. 5 (2024): e0290595.

13. S. A. Gehrke, A. Scarano, J. H. C. Lima, M. A. Bianchini,
B. A. Dedavid, and P. N. De Aza, “Effects of the Healing Chambers in
Implant Macrogeometry Design in a Low-Density Bone Using
Conventional and Undersized Drilling,” Journal of International Society
of Preventive and Community Dentistry 11, no. 4 (2021): 437–447.

14. P. Supachaiyakit, P. Serichetaphongse, and W. Chengprapakorn,
“The Influence of Implant Design on Implant Stability in Low-Density
Bone Under Guided Surgical Template in Inexperienced Surgeons: A
Pilot Randomized Controlled Clinical Trial Using Resonance Frequency
Analysis,” Clinical Implant Dentistry and Related Research 24, no. 4
(2022): 444–454.

15. S. Hamed, A. Shaaban, and R. El-Dibany, “The Effect of Deep Threads
on the Stability of Dental Implants in Posterior Maxilla,” Alexandria
Dental Journal 45, no. 2 (2020): 67–73.

16. I. Kästel, G. de Quincey, J. Neugebauer, R. Sader, and P. Gehrke,
“Does the Manual Insertion Torque of Smartpegs Affect the Outcome of
422 Implant Stability Quotients (ISQ) During Resonance Frequency
Analysis (RFA)?” International Journal of Implant Dentistry 5, no. 1
(2019): 42.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section. Supporting Information. Figure S1. Macrogeome-
try of the tested dental implants. The study utilized four tapered titanium
implants of varying lengths: 5, 6, 7, and 8mm. All implants feature an
identical 5.0mm diameter and a conical internal connection. Figure S2.
Standardized synthetic bone blocks. Four variations of polyurethane foam
blocks were used to simulate different bone densities and cortical thick-
nesses: (1) PCF 40: high-density (D1) trabecular bone; (2) PCF 30/2mm:
medium-density bone (D2) with 2 mm cortical thickness; (3) PCF
30/1 mm: medium-density bone with 1mm cortical thickness; and
(4) PCF 20/1mm: low-density bone (D3/D4) with 1mm cortical thickness.
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