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Abstract: Bone density at the implant site is correlated to the success of osseointegration. The
objective of this in vitro study was to evaluate the efficacy of osseodensification burs in increasing
bone density using a solid polyurethane foam block model. The osseodensification burs kit was
used to perform 48 osteotomies on a rigid polyurethane foam test ground. Burs were utilized on
a TMM2 implant motor for data collection. The osteotomies were divided into two study groups
(A and C) in which implant sites, extended 12 and 14 mm deep, respectively, were prepared using
the drills to a compaction rotation; two control groups, B and D, represented the osteotomies for
which the drills were used in cutting direction. A 3.8 × 12 mm conical implant was inserted into
each site; for each implant, data were collected on the peak torque (Cp), mean torque (Cm), and
integral depth curve (I). The implants underwent resonance frequency analysis (RFA) to assess the
implant stability quotient (ISQ). Correlation analysis was performed between I, Cm, Cp and ISQ. One-
way analysis of variance (ANOVA) was used to identify statistically significant differences between
groups. Group C, representing osteotomies prepared at 14 mm with osseodensification burs, showed
a significantly higher value for each parameter. Implants at sites obtained with osteocondensation
drills and prepared at greater depth for autologous particle grafting showed significant increases in
each implant stability parameter.

Keywords: dental implant; dental implant stability; implant stability analysis; implant site preparation;
osseodensification; osteocondensation; osteotomy; dental stress analysis; in vitro techniques; torque

1. Introduction

Over the last 25 years, osseointegrated oral implantology has had a significant impact
on the practice of dentistry, particularly in the field of prosthetic rehabilitation. In implant-
prosthetic rehabilitation, the evaluation of bone density is always considered a key element
in achieving primary implant stability [1]. Osseodensification burs are proposed in the
scientific community as a surgical technique to increase the bone density in edentulous
areas [2]. Osseointegration is a functional biological–mechanical interaction determined
at the bone–implant interface level, avoiding the interposition of poorly organized fibrob-
lastic tissue. The neoformation of compact and organized lamellar bone enables implant
integration and defines its secondary stability [3]. The biological processes underlying
osseointegration significantly depend on the primary implant stability achieved during
fixture insertion, defined as the biomechanical engagement between bone and implant.
This allows the implant to mechanically interlock with the bone tissue until secondary
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stability is attained. The role of osseodensification in dental implant stability has gained
increasing attention, as evidenced by recent studies. Barberá-Millán et al. (2021) and
Cáceres et al. (2020) emphasized its effectiveness in enhancing primary stability, especially
in low-density bone [4,5]. This is complemented by findings from Feher et al. (2021) and
Romeo et al. (2023), who demonstrated the correlation between drilling protocols and
implant stability [6,7].

During the preparation of osteotomy, the preservation and maintenance of bone play
critical roles in achieving improved primary mechanical stability and bone–implant contact
(BIC), ultimately enhancing the implant’s secondary stability [5]. The attainment of primary
stability is directly influenced by factors such as implant macro-geometry, the surgical
technique employed, and the quality of the bone in the edentulous site, including bone
density and trabecular architecture. While the operator has control over the first two factors,
bone quality and density significantly impact the achievement of primary stability [8].

To validate implant stability, various commonly used indicators can be employed,
including peak torque values (Cp) and primary implant stability values (ISQ). The insertion
torque of the implant can be measured by equipping the insertion micromotor with a
torque gauge, which indicates the resistance encountered during the implant’s insertion
into the bone tissue. Values approaching 35 Ncm are considered functional and promote
predictable osseointegration [9]. Another method for assessing implant stability is the use
of resonance frequency analysis (RFA), which provides the implant stability quotient (ISQ).
The ISQ is obtained by analyzing the resonance frequency response of the implant, offering
valuable information about its stability.

RFA is a method that measures the amplitude of lateral oscillation of an implant within
bone when stimulated electromagnetically. The resulting resonance frequency, measured in
kHz, has been clinically validated, and values between 55 and 85 are considered acceptable
within a reliable stability range [10]. The implant stability quotient (ISQ) obtained from RFA
is closely linked to the level of bonding between the implant surface and the surrounding
bone, which is directly influenced by bone–implant contact (BIC). Therefore, the ISQ is
highly dependent on BIC. Resonance frequency analysis is a valuable tool for assessing
implant stability not only at the time of insertion (time zero), but also during subsequent
follow-up periods [11]. By monitoring the resonance frequency over time, clinicians can
evaluate the stability of the implant and track its progress.

Meredith N. et al. used an Osstell™ device (Ab Integration Diagnostics, Gothenburg,
Sweden) to evaluate the initial stability of a dental implant. This device aids in monitoring
the long-term stability of the implant, allowing for the differentiation between clinical
success and potential implant failure. Furthermore, this analysis can provide valuable
insights regarding the selection of appropriate loading protocols [12].

Over the years, various surgical techniques have been developed to enhance primary
implant stability, particularly in areas with low bone density. Among these techniques, bone
densification of the implant site has demonstrated notable benefits in achieving improved
primary implant stability. This is particularly relevant in edentulous areas characterized
by low bone density, where bone densification techniques can significantly contribute to
enhancing the stability of the implants [13,14]. The under-preparation of the implant site
to increase primary stability is widely used today. In this technique, the final drilling step
involves using a drill with a reduced diameter compared with the size of the implant [15].
In areas with poor bone quality, the under-preparation of the site, up to 10%, is enough to
increase primary stability. However, reducing the diameter further does not result in higher
primary stability values. Instead, it can introduce excessive stress along the osteotomy,
potentially causing microcracks that impede the natural healing and osseointegration
processes. Therefore, it is important to strike a balance between under-preparation and
avoiding excessive reduction in diameter to ensure optimal implant stability and support
proper healing [16,17].

In the 1990s, Summers introduced the concept of osteocondensation, which involved
the use of manual osteotomes activated by a dedicated hammer [18].
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In 2014, Salah Huwais and colleagues developed a novel line of drills with distinctive
geometries that not only create implant sites, but also densify the bone in the edentulous
area. These drills, known as osteocondensation drills, are conical in shape and come
in different diameters to accommodate varying rehabilitation needs. They are designed
with cutting planes featuring negative angles, which compact the bone during rotation,
and a chisel tip that facilitates the drill’s penetration into the bone. Interestingly, these
osteocondensation drills can also function in the opposite manner. By reversing the process,
the same drills can cut bone using their cutting planes and remove local bone tissue, thereby
creating an implant site through a conventional osteo-subtractive mechanism [2,16].

Osteocondensation drills have demonstrated their ability to enhance bone quality
by preserving local bone tissue, facilitating elastic expansion of the bone, and promoting
autologous grafting of the particulate matter generated during the osteotomy phase. This
particulate matter is compacted along the periphery and apical portion of the implant
site [19]. The biomechanical efficiency of osseodensification drills lies in their ability to
leverage the inherent elasticity and plasticity of the bone. By applying appropriate stress or
force, these drills induce plastic deformation that compacts the bone particulate within the
trabecular space instead of removing it.

Furthermore, osteocondensation technique exhibits a detectable response at the bone–
implant interface due to the reverse compression exerted by the bone on the elastic rebound
resulting from residual elastic deformation during osteotomy. This reverse compression
helps to prevent excessive stress. Simultaneously, the irrigation of the site with saline serves
a functional purpose by generating continuous hydrodynamic pressure that facilitates the
compaction of bone chips. The process of bone compaction and autografting achieved
through osteocondensation cutters enables the implant to be placed in an area of the
bone matrix characterized by increased density and enhanced mechanical stability [20].
Consequently, higher values of implant stability can be observed during implant insertion
due to improved interlocking between the implant geometry and the bone matrix, resulting
in greater contact between the bone and implant surface (thus increasing BIC).

The increased contact between the implant and bone promotes bone healing and
remodeling processes, resulting in advantages such as improved secondary stability and
osseointegration [21]. Additionally, the autograft generated during drilling facilitates
the retention of autologous bone particulate matter, which serves as a source of miner-
alization nuclei at the periphery of the implant site. This has been confirmed through
histomorphometric analyses conducted in vivo on sheep and bovine bone [22].

The objective of this in vitro study was to assess the implant stability values associated
with site preparation using osteocondensation drills, specifically comparing the osteo-
condensation direction with the cutting direction. The use of osseodensification drilling
protocols in the preparation of implant sites is hypothesized to significantly enhance the
primary stability of dental implants. A secondary objective was to evaluate the influence of
the depth of implant site preparation on implant stability.

The evaluation of bone density at the implant site enhanced by osteodensification
drills was conducted using parameters such as the integral depth curve (I), Cp, average
torque (Cm), and ISQ.

2. Methods

An experimental in vitro study model was designed using a solid polyurethane foam
block with specific characteristics: bone density type III-IV, as described by Lekholm and
Zarb, measuring 13 × 20 × 4 cm [4]. The block represents an alternative to animal or
corpse bone and exhibits common mechanical properties according to standards defined
by the manufacturer (ASTM F-1839-08 [23]) (Figure 1). This sample takes advantage of the
homogeneity and uniformity of the physical properties of polyurethane that can be repeated
in every point of the block: this reduces the variables, alterations, and deformations found
using cadaver bone or in animal bone. Moreover, it enables subsequent analysis, which is
repeatable at any time.
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Figure 1. Image of the 13 × 20 × 4 cm polyurethane foam blocks used.

Forty-eight implant sites were prepared using osseodensification drills (Model Com-
pact Drill, provided by FMD (Falappa Medical Devices, Rome, Italy)). The procedure was
performed according to the sequence recommended by the manufacturer and considered a
series of four steps for each osteotomy, starting with a pilot bur with a diameter of 1.7 mm.
This was followed by the passage of the first conical bur of 1.5–2.3 mm diameter, with a
pumping movement until the expected working depth was reached. We proceeded with the
passage of progressive cutters, such as 1.7–2.5 mm and 2.0–2.8 mm, to end with the passage
of the last cutter: 2.4–3.2 mm. The simultaneous irrigation of the site (90 mL/min with
distilled water at room temperature (20 ± 1 ◦C)) with saline during the preparation of the
osteotomies avoided alterations of the foam block due to the thermal damage induced by
mechanical overheating; it is also functional in the formation of a continuous hydrodynamic
pressure wave that favors the compaction of the bone chips. The steps were the same for
all groups and both techniques. The same operator performed every osteotomy (Figure 2).
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The implant osteotomy site was prepared for the experimental groups with the burs
running in a clockwise direction (densifying mode) with two different target depths of 12
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and 14 mm. For the control groups, the osteotomies were performed with the same burs
but running in the counterclockwise direction (cutting mode) at the same two targets of
depths (12 and 14 mm).

In the present study, osteotomies of groups A and B were prepared at the same
length as the implants (12 mm), according to an under/standard preparation rationale.
The osteotomies of groups C and D were performed with an overpreparation (14 mm)
in which the space between the apex of the implant and the bone mimicked a healing
chamber to facilitate the positioning of the clot, or possibly autologous particulate matter,
as autografting produced during the drilling phase by osseodensification burs.

A TMM2® surgical micromotor (IDI Evolution) with an integrated instantaneous
torque measurement system was used for drilling. Through the device, it was possible to
collect data related to implant stability, such as Cm and I, or the average torque of forces and
the integral relative to the depth curve. The device determined the average torque necessary
to keep the probe at a constant rotational speed; because friction varies with bone density,
the average torque differs accordingly. It is possible to obtain a density–depth graph for
each point of the implant tunnel. During implant insertion, the micromotor, through digital
software, performs a high-frequency measurement sample of the instantaneous torque (IT)
necessary to enable positioning. It simultaneously records the depth reached by the implant.
The device also describes, as an output, a torque/depth graph that shows instantaneous
torque variations as a function of the depth of the implant. The implant motor then acquires
and records the average insertion torque (Cm), the maximum torque (IT), and the integral
values relating to the depth torque/curve (I).

Forty-eight conical implants, 3.8 × 12 mm with 0.75 single pitch with internal hexagon
connection, were inserted at a constant speed of 35 rpm (Figure 3), and the following data
were collected: Cp, Cm, and I (Figure 4) [24]. Then, the ISQ values were assessed using
the Ostell ISQ® instrument (Ostell, Gothenburg, Sweden), registering the value on the four
faces of each implant (anterior, posterior, medial, and lateral, concerning the orientation of
the block), and the average value of these measurements was assigned to each implant.
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Figure 4. Example of a torque–depth plot displayed by the micromotor at implant insertion.

Statistical Analyses

The required sample size was calculated using statistics software (GPower 3.1.9.2,
Heinrich-Heine-Universität, Düsseldorf, Germany). Power analysis using one-way ANOVA,
an alpha level of 0.05, and an effect size of f = 0.68 showed that 48 implants would be
adequate to obtain 95% power in detecting a statistical difference. The power calculation
was based on the mean values of the variable with the lowest difference (Cm) between the
first 5 osteotomies for each group.

Data were evaluated using standard statistical analysis software (version 20.0, Statis-
tical Package for the Social Sciences, IBM Corporation, Armonk, NY, USA). Descriptive
statistics, including mean ± SD values, were calculated for the variables Cp, Cm, I, and
ISQ. The Shapiro–Wilk test was used to determine whether the data conformed to a normal
distribution. One-way ANOVA was used to identify statistically significant differences for
each variable between four different groups:

1. Group A (implants positioned in an osteotomic site prepared at 12 mm depth in
densifying mode).

2. Group B (implants positioned in an osteotomic site prepared at 12 mm depth in
cutting mode).

3. Group C (implants positioned in an osteotomic site prepared at 14 mm depth in
densifying mode).

4. Group D (implants positioned in an osteotomic site prepared at 14 mm depth in
cutting mode).

Pairwise comparisons were performed with Bonferroni correction for multiple com-
parisons. In each test, the cut-off for statistical significance was p ≤ 0.05.

3. Results

In total, 48 implant sites (12 for each group) were prepared, and 48 fixtures were
inserted to evaluate the Cp, Cm, I, and ISQ. An expert investigator performed the implant
placement, blinded to other study aspects. All implants in group A failed to complete
positioning inside the osteotomic site, with the neck of implants remaining outside the foam
blocks (Figure 3b). The highest values of implant stability parameters were reported from
Group C (implants positioned in an osteotomic site prepared at 14 mm depth in densifying
mode). In contrast, the lowest values were reported in Group A (implants positioned in an
osteotomic site prepared at 12 mm depth in densifying mode). The results of the descriptive
analysis are summarized in Table 1.
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Table 1. Description of the implant stability (ISQ), average torque (Cm), peak torque (Cp), and
integral depth curve (I) values for each group.

Mean Std. Deviation Std. Error
95% Confidence Interval for Mean

Minimum Maximum
Lower Bound Upper Bound

ISQ

A 62.7667 1.54249 0.31486 62.1153 63.4180 58.50 64.25

B 63.6250 0.99728 0.20357 63.2039 64.0461 61.50 65.00

C 64.6750 1.07023 0.23931 64.1741 65.1759 62.00 66.00

D 64.1000 2.45539 0.54904 62.9508 65.2492 57.00 65.50

Cm

A 18.5000 0.65938 0.13460 18.2216 18.7784 17.00 19.00

B 19.3333 1.34056 0.27364 18.7673 19.8994 17.00 21.00

C 20.7000 0.65695 0.14690 20.3925 21.0075 20.00 22.00

D 19.9000 0.85224 0.19057 19.5011 20.2989 18.00 21.00

Cp

A 40.3333 1.63299 0.33333 39.6438 41.0229 39.00 44.00

B 42.6667 2.37133 0.48404 41.6653 43.6680 39.00 47.00

C 43.3000 1.30182 0.29110 42.6907 43.9093 41.00 45.00

D 39.9000 1.33377 0.29824 39.2758 40.5242 39.00 43.00

I

A 171.4167 7.21663 1.47309 168.3694 174.4640 153.00 180.00

B 179.4167 11.64294 2.37660 174.5003 184.3330 159.00 196.00

C 193.2000 4.78594 1.07017 190.9601 195.4399 187.00 201.00

D 184.5000 6.26183 1.40019 181.5694 187.4306 170.00 192.00

No outliers were detected, and the assumption of normality, assessed by the Shapiro–
Wilk test, was not violated. Pairwise comparisons with Bonferroni correction for multiple
analyses revealed statistical differences in the ISQ between groups A and C (p = 0.001) and
A and D (p = 0.035); in the Cm between groups A and B (p = 0.014), A and C (p < 0.001),
A and D (p < 0.001), groups B and C (p < 0.001) and groups C and D (p = 0.04); in the Cp
between groups A and B (p < 0.001), A and C (p < 0.001), groups B and D (p < 0.001), and
groups C and D (p = 0.040); and in the I between groups A and B (p = 0.005), A and C
(p < 0.001), A and D (p < 0.001), groups B and C (p < 0.001), and groups C and D (p = 0.006)
(Table 2).

Table 2. One-way ANOVA comparing the mean values (ISQ), average torque (Cm), peak torque (Cp),
and integral depth curve (I) in the four groups.

Dependent
Variable

(I) Groups (J) Groups
Mean

Difference (I−J) Std. Error Sig.
95% Confidence Interval

Lower Bound Upper Bound

ISQ

A

B −0.85833 0.46067 0.252 −2.0658 0.3492

C −1.90833 * 0.48315 0.001 −3.1748 −0.6419

D −1.33333 * 0.48315 0.035 −2.5998 −0.0669

B

A 0.85833 0.46067 0.252 −0.3492 2.0658

C −1.05000 0.48315 0.139 −2.3164 0.2164

D −0.47500 0.48315 0.759 −1.7414 0.7914

C

A 1.90833 * 0.48315 0.001 0.6419 3.1748

B 1.05000 0.48315 0.139 −0.2164 2.3164

D 0.57500 0.50463 0.666 −0.7478 1.8978
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Table 2. Cont.

Dependent
Variable

(I) Groups (J) Groups
Mean

Difference (I−J) Std. Error Sig.
95% Confidence Interval

Lower Bound Upper Bound

ISQ D

A 1.33333 * 0.48315 0.035 0.0669 2.5998

B 0.47500 0.48315 0.759 −0.7914 1.7414

C −0.57500 0.50463 0.666 −1.8978 0.7478

Cm

A

B −0.83333 * 0.26972 0.014 −1.5403 −0.1263

C −2.20000 * 0.28289 0.000 −2.9415 −1.4585

D −1.40000 * 0.28289 0.000 −2.1415 −0.6585

B

A 0.83333 * 0.26972 0.014 0.1263 1.5403

C −1.36667 * 0.28289 0.000 −2.1082 −0.6252

D −0.56667 0.28289 0.195 −1.3082 0.1748

C

A 2.20000 * 0.28289 0.000 1.4585 2.9415

B 1.36667 * 0.28289 0.000 0.6252 2.1082

D 0.80000 * 0.29547 0.040 0.0255 1.5745

D

A 1.40000 * 0.28289 0.000 0.6585 2.1415

B 0.56667 0.28289 0.195 −0.1748 1.3082

C −0.80000 * 0.29547 0.040 −1.5745 −0.0255

Cp

A

B −2.33333 * 0.50461 0.000 −3.6560 −1.0106

C −2.96667 * 0.52924 0.000 −4.3539 −1.5794

D 0.43333 0.52924 0.845 −0.9539 1.8206

B

A 2.33333 * 0.50461 0.000 1.0106 3.6560

C −0.63333 0.52924 0.631 −2.0206 0.7539

D 2.76667 * 0.52924 0.000 1.3794 4.1539

C

A 2.96667 * 0.52924 0.000 1.5794 4.3539

B 0.63333 0.52924 0.631 −0.7539 2.0206

D 3.40000 * 0.55277 0.000 1.9511 4.8489

D

A −0.43333 0.52924 0.845 −1.8206 0.9539

B −2.76667 * 0.52924 0.000 −4.1539 −1.3794

C −3.40000 * 0.55277 0.000 −4.8489 −1.9511

I

A

B −8.00000 * 2.33501 0.005 −14.1205 −1.8795

C −21.78333 * 2.44897 0.000 −28.2026 −15.3640

D −13.08333 * 2.44897 0.000 −19.5026 −6.6640

B

A 8.00000 * 2.33501 0.005 1.8795 14.1205

C −13.78333 * 2.44897 0.000 −20.2026 −7.3640

D −5.08333 2.44897 0.170 −11.5026 1.3360

C

A 21.78333 * 2.44897 0.000 15.3640 28.2026

B 13.78333 * 2.44897 0.000 7.3640 20.2026

D 8.70000 * 2.55787 0.006 1.9953 15.4047

D

A 13.08333 * 2.44897 0.000 6.6640 19.5026

B 5.08333 2.44897 0.170 −1.3360 11.5026

C −8.70000 * 2.55787 0.006 −15.4047 −1.9953

* Mean differences significant at the 0.05 level.
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4. Discussion

Primary stability plays a crucial role in the success of dental implants and influences
the choice of prosthetic loading [25]. In cases where the bone is poorly mature, such as in
the posterior areas of the maxilla and mandible, or in elderly and osteopenic patients, bone
densification techniques can be employed to increase bone density [26]. Different bone
compaction techniques are utilized to achieve effective densification of the implant site;
each method comes with its own set of advantages and disadvantages [19].

Osteocondensation burs offer a notable advantage in preserving autologous bone
tissue within the implant bed area. This is achieved through the compaction of bone
particles along the perimeter of the osteotomy, facilitated by the negative cutting angle
blades of the burs. The compaction of the bone surrounding the implant site enhances bone
mineral density, positively impacting primary stability and subsequently promoting the
osteointegration process [27].

The presence of autologous particulate within the implant site, being living bone
material, has the potential to serve as a catalyst for bone formation. It can stimulate the
processes of bone neoformation by facilitating the creation of mineralization nuclei. These
mineralization nuclei play a significant role in accelerating the healing and reorganization
of bone tissue surrounding the implant threads, ultimately promoting the attainment of
both primary and secondary stability of the implant.

Histomorphometric analyses conducted by Trisi et al. have highlighted the mineral-
ization nuclei derived from the compacted autologous particulate [22]. The impact of the
compacted particulate is evident both during implant insertion, as indicated by the IT value,
and in terms of the implant’s stability, assessed by the ISQ. In contrast to osteosubtractive
techniques, where the particulate generated during osteotomy is typically removed, osteo-
condensation burs operate through a bone tissue expansion mechanism. This expansion
causes the bone to spring back, potentially leading to increased implant stability.

One advantage of using osteocondensation drills is that they facilitate the preparation
of implant sites in thin crests of bone. By avoiding the excessive removal of bone, these
drills limit the formation of microcracks and fracture fissures that could compromise the
overall stability of the implant site.

Implants inserted in osteotomic sites prepared through osteodensification and ex-
tended to accommodate the particulate graft exhibit a significant increase in insertion
torque values, as well as parameters such as I and ISQ values (Table 1). Both IT and ISQ are
important clinical parameters used to assess implant stability [9].

Implant stability depends on the direct contact between the implant surface and the
surrounding bone tissue [28]. The amount of micromovement is influenced by bone density.
In cases where the bone density is low, preparing the implant site using the osteosubtractive
method leads to lower insertion torque values and further reductions in bone density. These
implant micromovements can contribute to the formation of poorly organized tissue with
the presence of fibrous matrix interposition, resulting in a reduced percentage of osseoin-
tegration [29]. The use of osteocondensation burs has been documented in preliminary
studies by Huwais et al., where the authors demonstrated how densification increases the
bone formation rate on the implant surface by enhancing the bone mineral density in the
peri-implant site. Histomorphological analysis of bone samples from sheep confirmed that
compacted bone maintains its histological structure [2].

In a separate in vivo study conducted by Trisi et al., the effectiveness of osteodensifi-
cation drills in improving primary implant stability and preserving long-term secondary
stability was demonstrated. The study compared parameters such as bone–implant contact
(BIC) and bone volume (BV) between the test group, which underwent osteocondensation
preparation, and the control group, which received the osteosubtractive technique. The
results highlighted the advantages of osteocondensation in terms of achieving superior BIC
and BV outcomes compared with the osteosubtractive technique.

The study reported a statistically significant difference in the percentage of BIC be-
tween the two groups, with the tester group achieving higher BIC values compared with the
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control group. Additionally, the BV in the tester group showed an increase of approximately
30% compared with the control group. Histological analysis of the samples supported
the findings of Huwais et al., indicating that the healing process is facilitated by bone
compaction and that bone density can increase around the implant’s surface, particularly
in the coronal portion. The test group exhibited a high presence of mineralization nuclei
surrounded by osteoid tissue and osteoblasts. This evidence suggests that, thanks to the
mineralization nuclei, the bone may have the ability to increase its density over the long
term, thus contributing to the preservation of secondary implant stability [22]. In an in vivo
study conducted on sheep by Lahens et al., the effectiveness of osteocondensation drills
was emphasized. The study paid specific attention to histomorphometric analysis, which
revealed a percentage increase in values such as the BIC and bone area fraction occupied
(BAFO) when the osteocondensation technique was utilized [30].

Barbera-Chàvarri et al. evaluated 110 osteotomies performed on 30 coronal sections
of pig tibiae (Maxylar®, Girona, Spain) using two different techniques: under-preparation
(UD) and osteocondensation (OD). The authors compared various parameters associ-
ated with implant stability, including insertion torque (IT) and implant stability quotient
(ISQ). The study found that implants inserted using the osteocondensation technique (OD)
exhibited significantly higher values of primary stability when compared with the under-
preparation technique (UD). The average implant insertion torque in the osteodensification
group was 8.87 ± 6.17 N/cm in the control group (UD) and 21.72 ± 17.14 Ncm in the test
group (OD). Similarly, the mean ISQ values were 65.16 ± 7.45 kHz in the control group and
69.75 ± 6.79 kHz in the test group. The study reported significant differences between the
groups in terms of ISQ values and implant insertion torque [4].

In a study conducted by Bergamo et al. in 2020, a single-blind, multi-center controlled
clinical study was carried out with 56 enrolled patients requiring prosthetic rehabilitation
with a minimum of two implants. The study involved the placement of implants of various
lengths and types (narrow, regular, and wide) in the anterior and posterior regions of the
maxilla and mandible. The preparation of implant sites in each patient was performed
using two different techniques: the osteodensifying technique and the osteosubtractive
technique. The study evaluated the values of IT at the time of implant placement and ISQ
recorded using RFA at three stages: immediately after surgery, at 3 weeks, and at 6 weeks.

The statistical analysis revealed a significant increase in the implant IT value when
the site preparation was performed using the osteocondensation technique (60 ± 3.4 Ncm)
compared with the osteosubtractive preparation (35 ± 3.4 Ncm). Additionally, ISQ data
showed higher values for the experimental group at all evaluation time points. Specifically,
the experimental group had higher ISQ values (I: 73 ± 2.0, 3 W: 70 ± 2.0, and 6 W: 74 ± 1.5)
compared with the control group (I: 62 ± 2.0, 3 W: 59 ± 2.0, and 6 W: 66 ± 1.5), regardless
of the time of evaluation [31].

Evidence from various related studies demonstrates the significant advantages of
using osteocondensation drills. These advantages are observed across different param-
eters and histomorphometric analyses, with all values in experimental groups utilizing
the osteodensification technique showing a significant increase compared with control
groups [2,4,22,27,30].

The results from the in vitro comparative analysis further support this notion, indi-
cating that the preparation of implant sites using the osteodensification technique with
osteocondensation drills can substantially enhance the indicator values of implant stability,
reflecting a measurable increase in peri-implant bone mineral density. This study investi-
gated the use of osteocondensation drills in the preparation of the implant site through an
in vitro analysis.

The study compared implant stability parameters between two test groups (A and
C) and two control groups (B and D). The implants in the test groups were inserted
into osteotomic sites using osteocondensation drills, employing an osteocompacting rota-
tion technique.
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In the control groups (B and D), the osteotomies were prepared using the same drills
but with a reverse rotation, employing osteosubtractive mechanics. The relationship
between osteocondensation drills and increased preparation depth was investigated for
the first time. Group A’s osteotomies were performed using the same method but with
an extended depth of 12 mm, matching the length of the inserted implants. However, the
implant stability values in group A were lower than those observed in all other groups in
the study.

During the realization phase of the osteotomies, it became evident that implant in-
sertion in group A sites prevented them from reaching the intended preparation depth.
This incomplete insertion of the implant could be attributed to the presence of trabecular
substance around the walls and apex of the preparation site. In group A, the implant fixture
did not make full contact with the bone along its entire length, resulting in a fraction of the
crestal module of the implant emerging from the surface of the sample block (Figure 3b).
Consequently, the ISQ values decreased, indicating reduced bone-to-implant contact and
stability. In control group B, the osteotomies were prepared to a depth of 12 mm, matching
the length of the implant fixture. In contrast, in group D, the osteotomies were extended
to 14 mm. The Cp parameter showed an increase in group B compared with group D, but
remained lower than in group C. On the other hand, the ISQ value of group B was lower
than the same parameter in group D, highlighting the influence of osteotomy depth on the
ISQ value.

Additional studies have demonstrated that overpreparation of the implant site leads to
faster healing and bone formation around the implant surface. This is attributed to reduced
bone compression, increased cell viability, enhanced osteogenesis, and an improved implant
stability ratio over time [32]. Furthermore, our findings are in line with those of Barberá-
Millán et al., who demonstrated that osseodensification significantly enhances primary
stability in low-density bone, as evidenced by higher insertion torque and RFA values.
This supports our observations of increased stability with deeper implant placement using
osseodensification drills [4].

A significant limitation of this study stems from employing a polyurethane sample
block for experimental purposes. This model lacks the cortical bone layer typically present
in human anatomy. The absence of this cortical layer omits a critical aspect of bone structure,
notably the transition from dense cortical to spongy cancellous bone, which is pivotal in
understanding implant dynamics in a natural physiological environment. Consequently,
the findings, especially those relating to the performance and impact of osteocondensation
drills, should be cautiously interpreted, considering this simplification of bone anatomy.
Furthermore, the study did not include the factors influencing implant stability in a clinical
setting. Critical variables such as patient-specific differences, which exhibit variability in
bone quality, age-related changes, and individual healing capacities, were not accounted for.
The impact of the surgeon’s skill and experience was also not reflected in this in vitro model.
In practice, the complexity of clinical cases can significantly affect the results, a variable
not captured in this controlled environment. Moreover, future studies should compare
the osteocondensation method with other advanced and commonly employed dental
implant techniques, limiting the breadth of its applicability. Considering these limitations
is essential for comprehensively understanding the study’s findings and applicability in
clinical practice.

5. Conclusions

Within the limitations of this study, it was observed that the use of osteocondensation
drills and an increase in the depth of preparation resulted in improvements in all variables
related to implant stability: Cp, Cm, I, and ISQ. This study’s findings demonstrate the
effectiveness of deeper implant site preparation using osteocondensation drills. These
results could encourage clinicians to adopt these techniques, particularly for patients with
challenging bone densities, potentially leading to higher implant stability and osseointe-
gration success rates. However, further studies are required to analyze and understand



Appl. Sci. 2024, 14, 1196 12 of 13

the relationship between the effect of osteocondensation drills and the depth of prepa-
ration. These future investigations can provide more insights into the optimal usage of
osteocondensation drills and the impact of preparation depth on implant stability.
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