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Abstract: Osseodensification is a technique that involves compressing bone using specialized drilling
instruments to increase bone—implant contact. The present study aimed to evaluate the structure of a
xenograft bone (XB) wall created within an implantation site and how it affects the initial stability of
dental implants. Six segments of pig ribs, representing low-density bone, were used in the experiment.
Four different drilling conditions were created for each section using a tapered bur system associated
with bovine xenograft bone: clockwise (cutting mode—CW) or counterclockwise (densification
mode—CCW). The bone samples were then placed individually in microtomography equipment
to define a volume of interest (VOI) 50% larger than the osteotomy. Mathematical calculations of
bone volume, trabecular thickness and separation, and total porosity were performed. An implant
with a diameter of 4.0 mm and a length of 11.5 mm was then inserted into each osteotomy. The final
insertion torque (IT) and resonance frequency analysis/implant stability quotient (ISQ) values were
recorded. The groups were compared using ANOVA and Tukey’s post hoc test. The results show
that the use of xenograft bone produced densification at the apex region, with higher bone volume
and trabecular thickness, and reduced trabecular separation compared with the CW group (p < 0.05).
The CW + XB group demonstrated a similar porosity to the CCW group and similar values of IT and
ISQ (p > 0.05). Compared with the other groups, CCW + XB exhibited the lowest percentual porosity
and the highest values of IT and ISQ (p < 0.05). We concluded that the use of a xenograft bone wall
before implant placement can improve the primary stability of dental implants.
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1. Introduction

Bone tissue, a specialized connective tissue, exhibits a substantial capacity for re-
generation and remodeling, which is crucial for maintaining structural and functional
integrity [1,2]. However, localized bone osseointegration, the structural and functional
connection between living bone and the surface of a load-bearing implant, is fundamental
to the long-term success of dental implants [3,4]. Adequate primary stability, defined as
the mechanical stability of an implant at the time of placement, is widely recognized as an
essential prerequisite for osseointegration to occur [1,5]. Primary stability is influenced by
the quality and quantity of native bone, the surgical technique, and implant features. Low
primary stability in poor-quality bone increases the risk of micromotion and fibrous encap-
sulation, compromising the establishment of secondary stability and ultimately leading to
implant failure [1,6,7].

Secondary stability originates from biological fixation as newly formed woven bone
transitions to mature lamellar bone. Implant micromotion, excessive loading, poor bone
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quality, and surgical trauma can all negatively impact secondary stability [4,7,8]. Low sec-
ondary stability is associated with reduced long-term survival [9,10]. Therefore, enhancing
early stabilization is key to avoiding micromotion, facilitating effective osseointegration,
and enabling earlier loading protocols [5,11,12]. Numerous surgical techniques have been
developed to improve primary stability in low-density bone, thereby setting the stage for
optimal secondary stability and osseointegration [13-17].

Two quantitative methods exist for clinically evaluating implant stability: insertion
torque (IT) and resonance frequency analysis, also known as implant stability quotient
(ISQ) [7,8]. Insertion torque provides a direct measure of the rotational friction between the
implant and bone as the implant is placed. Higher IT values indicate greater primary sta-
bility, with prior research demonstrating IT values above 30 Ncm are considered ideal [17].
ISQ utilizes vibration analysis to characterize the resonance frequency of the implant-bone
complex, providing an indirect measure of stiffness and micromobility. While IT provides
a one-time measure of primary stability at placement, ISQ can be utilized at multiple
time points to monitor the progression of secondary stability via bone regeneration and
remodeling at the implant interface [18].

Osseodensification (OD) is a technique that involves the use of specialized drilling in-
struments to compress bone, thereby increasing bone—implant contact and friction [13,19,20].
However, its effectiveness is limited by the density of the patient’s natural bone. Studies
have shown that OD is more effective than traditional osteotomy preparation in low-
density-bone models [21-25]. It is possible that the benefits of OD could be enhanced
by utilizing particulate bone graft walls at the surgical site, although further investiga-
tions are necessary. Therefore, this study compared the effectiveness of OD-prepared
implants with and without xenograft bone walls in enhancing primary implant stability in
low-density bone.

2. Materials and Methods
2.1. Sample Preparation

In this ex vivo study, pig ribs were acquired from a local retail meat market, specif-
ically from pigs within the age range of 10-12 months and weight range of 80-100 kg.
After removing the periosteum, each rib was meticulously cleaned using a solution of
hydrogen peroxide and saline to remove excess fat and tissues. Following cleaning, 60 mm
segments with a consistent cortical thickness of 1.0 & 0.5 mm were isolated. This sim-
ulation of low-density bone was referenced from previous studies [26,27]. The samples
were then preserved at —20 °C and later thawed at room temperature for an hour before
experimentation.

2.2. Power Analysis and Sample Size Determination

The researchers conducted a power analysis using data from Bhargava et al. [28] to
determine the minimum number of maxillary sinuses needed in each group. Based on
a one-tailed test with a significance level of 5% and a statistical power of 80%, a mean
difference of 9.1 and a standard deviation of 1.81 were used to determine that a minimum
of 5 implant sites were required. The calculus was performed on the website “http://
estatistica.bauru.usp.br/calculoamostral/calculos.php”, accessed on 30 July 2023.

2.3. Randomization and Allocation of Implants

The sealed envelope method was adopted to ensure impartial allocation of implants
to the bone segments. Sequentially numbered, opaque, sealed envelopes contained the
designation of each experimental group. An independent researcher who was not involved
in the implant procedure prepared these envelopes. The position of the implant in each
bone section was determined by drawing an envelope, ensuring a fully randomized alloca-
tion process. A minimum inter-implant distance of 5 mm, determined using an electronic
digital caliper (model 500-196-30, Mitutoyo Corporation, Kawasaki, Japan), was main-
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tained throughout the experiment to mitigate interaction effects between adjacent implants.
Further details are illustrated in Table 1.

Table 1. Descriptive overview of experimental groups utilized in this study.

Group Drill Direction Xenograft Bone
CW Clockwise No
CW + XB Clockwise Yes
CCW Counterclockwise No
CCW + XB Counterclockwise Yes

2.4. Drilling Procedure and Implant Installation

All osteotomies were undertaken by an experienced surgeon, utilizing a BLM 600
plus surgical electric micromotor (K Driller, Sao Paulo, Brazil). The drilling process was
standardized to ensure reproducibility; multi-fluted tapered burs with diameters of 2.0 mm
(pilot), 2.3 mm, and 3.0 mm (Densah Bur; Versah®, Jackson, MI, USA) were used at a
controlled speed of 1200 rpm, applying a consistent force which was monitored using
a force gauge to prevent bone overheating. Continuous saline irrigation (at a rate of
30 mL/min) was implemented to facilitate cooling and removal of bone debris. The
drilling directions were alternated between clockwise and counterclockwise up to a depth
of 11.5 mm.

For implant installation, a specific implant model 4.0 mm in diameter and 11.5 mm in
length was utilized (Medens, SP, Brazil). The implant featured a sandblasted, large-grit,
acid-etched surface to enhance osseointegration. Subsequent to implant bed preparation,
xenograft bone (XB) material, comprising bovine-derived granules ranging between 0.5
and 1.0 mm (Cerabone, Straumann, Bern, Switzerland), was utilized to fill half of the
osteotomies.

2.5. Microtomographic Analysis and VOI Determination

Each bone segment underwent micro-CT scanning using a Skyscan 1174 (Bruker,
Kontich, Belgium) under specific parameters: 50 kV voltage, 800 pA current, 0.5 mm
aluminum filter, and 5200 ms exposure time, with a voxel size of 28 pm and an X-ray
energy of 50 kVp. The detailed scanning process spanned approximately 120 min, and
image reconstruction was then conducted utilizing NRecon® software (version 2.0) with
the specified settings.

The volume of interest (VOI) was demarcated as a cylindrical zone with a diameter
of 4.5 mm (50% larger than the osteotomy) and a height of 13 mm, encompassing an
approximate volume of 200 mm?. This dimensioning ensured a comprehensive analysis
encompassing the immediate regions surrounding the osteotomy site, as illustrated in
Figure 1.

Figure 1. A cylindrical mask with a diameter of 4.5 mm (50% larger than the osteotomy diameter)
was used to determine the volume of interest for mathematical analysis. The mask was colored red.
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2.6. Image Analysis

Using the CT Analyser v.1.14.4.1 (CTAn, Bruker, Kontich, Belgium), transaxial sections
of each osteotomy were analyzed to derive quantitative data pertaining to bone volume
(BV), trabecular thickness (Tb.Th), trabecular separation (Tb.Sp), and total porosity (Po(tot)).
The gray threshold was defined between 46 and 255 for the binarization process. A pixel
size of 57.5 um was considered for the “3D analysis” tool in the software to facilitate
detailed analysis.

2.7. Implant Stability Measurements

Implant stability measurements, specifically IT and ISQ, were conducted using spe-
cialized equipment. The IT was measured using a digital torquemeter (TQ-8800; Lutron
Company, MA, USA) at the final position of the implant (Figure 2). Concurrently, the
ISQ was determined using the Osstell ISQ system (W&H group, Gothenburg, Sweden),
where transducers were mounted on each implant and secured manually, by capturing two
perpendicular measurements and recording the mean value.
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Figure 2. Study flow diagram.

2.8. Statistical Analysis

Data normality was assessed using the Shapiro-Wilk test. Subsequently, ANOVA and
Tukey’s post hoc test were employed for group comparisons at a 5% significance level,
utilizing the SPSS software (version 20, IBM, IL, USA) for comprehensive statistical analysis.

3. Results
3.1. Analysis of Bone Density and Microstructure Post-Osteotomy

In the microtomographic analysis, discernible variations in bone density and mi-
crostructure were found, depending on the osteotomy techniques used (Figure 3). Notably,
osteotomies augmented with xenograft bone showcased pronounced densification at both
the body and apex regions of the implant sites, irrespective of the drilling direction em-
ployed. This densification phenomenon was mirrored by an escalation in bone volume and
trabecular thickness, coupled with a marked diminution in trabecular separation within
the VOI—a comprehensive representation of which is tabulated in Table 2.
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Figure 3. Micro-CT reconstructions illustrating representative middle sections of each osteotomy

group. This delineates the variation in bone density and microstructure characteristics resultant of
osteotomies conducted in clockwise (CW) and counterclockwise (CCW) drilling directions, with or
without xenograft bone (XB) granule integration.

Table 2. Comparative analysis of microstructural attributes.

Parameters CW CW + XB CCW CCW + XB

BV (%) 370+ 1.14 552 +198B 50.6 +2.3C€ 56.8 +2.1B
Tb.Th (mm) 0.41 +0.024 0.76 +0.02 B 0.61 +0.03€ 0.78 +0.03B
Tb.Sp (mm) 24040164 21140128 21440128 20140118
Po(tot) (%) 64.0+314 483 +198 4994298 435+24C€

Characteristic quantitative analyses of microstructural properties (mean + SD) pertaining to bone volume (BV),
trabecular thickness (Tb.Th), trabecular separation (Tb.Sp), and overall porosity (Po(tot)), as influenced by
osteotomy techniques (clockwise (CW) and counterclockwise (CCW)) coupled with the presence or absence
of xenograft bone (XB) granules. Different superscripts denote significant differences between the groups as
determined via ANOVA and corroborated with Tukey’s post hoc test (p < 0.05).

Upon analyzing the porosity data, it was observed that the group subjected to clock-
wise drilling coupled with XB (CW + XB) exhibited porosity levels analogous to those of
the counterclockwise group (CCW). However, the CCW approach complemented with XB
integration manifested the most notable decline in percentage porosity within the VOI,
showcasing a statistically significant improvement (p < 0.05).

3.2. Evaluation of Implant Stability

The assessment of implant stability, as delineated through IT and ISQ values, indicated
a pronounced enhancement in the stability parameters in the groups supplemented with
XB (Figures 4 and 5). In particular, the xenograft bone bolstered the IT and ISQ metrics
significantly compared with the CW group alone, a trend that was statistically significant
(p <0.05).

Unusually, the evaluations indicated marginal differences between the CW + XB and
CCW groups, establishing no significant divergence (p > 0.05). Conversely, the CCW + XB
cohort emerged as the group presenting the zenith in both IT and ISQ values, a statistically
significant observation (p < 0.05).

The different osteotomy approaches produced different density aspects (Figure 3). The
use of XB produced stronger densification at the body and apex of the implantation site
regardless of drilling direction, with improvement in bone volume and trabecular thickness
and a reduction in trabecular separation inside the VOI (Table 2). The CW + XB group
produced the same level of porosity as CCW. CCW + XB reduced the lowest percentual
porosity inside the VOI (p < 0.05).
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Figure 4. Histogram representation delineating the variation in insertion torque (IT) values across
the different osteotomy approaches.
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Figure 5. Histogram representation illustrating the disparities in implant stability quotient (ISQ)
values as dictated by the osteotomy techniques utilized.

4. Discussion

In the present study, notable improvements were observed in bone volume, trabecular
thickness, and implant stability parameters, which were significantly amplified when em-
ploying xenograft bone walls in concert with counterclockwise osseodensification [29-33].
This approach not only substantiates the growing body of evidence that advocates for this
combination in enhancing early implant stabilization but also highlights the benefits of
utilizing low-quality bone to fortify the trabecular spaces. Leveraging the principles of
osseodensification, this strategy integrates bone substitutes that have preferably undergone
a sintering process during the same surgical phase, potentially fostering a scaffold that
ensures greater particle stability at the time of implant installation, thereby granting more
advantageous primary stability [20,21,24,29].

The results of this study align with the findings presented in the systematic review
and meta-analysis conducted by Inchingolo et al. In their comprehensive evaluation of
various studies, they highlighted the advantages of counterclockwise osseodensification,
particularly in terms of improved bone-to-implant contact and insertion torque compared
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with clockwise osseodensification [19,30-32]. However, the bone area fraction occupied re-
mained relatively consistent between the two techniques. The micro-CT results of this study
support the mechanical benefits of osseodensification, with localized densification that
closely aligns with the biomechanical improvements noted in the meta-analysis. These find-
ings suggest a potential shift in strategies for optimizing implant site preparations [33-35].

On the other hand, the technique used in the present research was characterized by
the compaction of xenograft bone during the preparation of the implant bed to create a
graft layer along the surface of the osteotomy site to improve the primary stability. This can
lead to preservation and condensation of the implant bed, which is specifically important
for low-density bones [1,21,29,36]. Once the osteotomy reaches its final diameter, the
implantation bed is filled with xenograft bone particles. Using osseodensification drills,
the particles are condensed against the bone walls to achieve a primary stability of over
30 Nem [12,24,37]. This is done to ensure that any density deficiency in the host tissue is
overcome, resulting in optimal stability [37,38].

Furthermore, it remains imperative to highlight that utilizing these substitutes at
varying surgical junctures might not yield identical clinical advantages, potentially signal-
ing a decline in the cooperative efficacy between osseodensification and the application
of bone substitutes at distinct surgical intervals. Following a bone graft procedure, the
bone substitute materials, such as xenografts and alloplastic biomaterials, assume a piv-
otal role as a scaffold fostering new bone formation. However, the bone that eventually
materializes at the surgical site post-healing retains these biomaterials, consequently dimin-
ishing the concentration of collagen present, a fundamental component facilitating bone
movement during the osseodensification process [39—42]. Given the prominent presence
of bone substitute materials coupled with a diminished collagen concentration, the newly
formed bone may not adhere to the established standards of the osseodensification tech-
nique, potentially culminating in a heightened susceptibility to bone fracture during the
drilling phase [22,31,32]. In light of these findings, this study advocates for the concurrent
employment of osseodensification techniques and biomaterials during site preparation
immediately preceding the insertion of the dental implant. This strategy, as evidenced by
the study outcomes, harbors the potential to enhance primary stability.

Recent research suggests that the osseodensification method can enhance the primary
stability of dental implants, with a survival rate of 98.1% after one year [14,30,43]. In
the present study, the use of a bovine xenograft bone with counterclockwise drilling
increased the bone volume and trabecular thickness, leading to heightened primary stability.
This might be a factor that could maintain and/or improve the survival rates for dental
implants, especially in cases that need a bone graft around the implant during the surgical
procedure [15]. In addition, using a particulate bone graft, such as a xenograft, in the bone
wall may be beneficial for immediate loading protocols [28,44,45].

The present ex vivo rib bone model study presents promising evidence for the benefits
of using xenograft bone walls in low-density-bone environments. The use of biomaterial
particles improved implant stability. However, it is crucial to acknowledge some limitations.
In an in vivo setting, factors such as bone remodeling and vascularization over an extended
timeframe may impact the integration of xenografts and long-term implant stability [46,47].
Comparing different implant surface topographies and graft materials like allografts would
help optimize techniques [10,34,44]. Most importantly, long-term experimental studies and
human clinical trials evaluating feasibility, cost-effectiveness, and real-world efficacy are
essential before widespread clinical adoption. While encouraging, these ex vivo results
represent an early step, and further research is imperative to fully understand the potential
of these interventions.

5. Conclusions

This study assessed whether using xenograft bone walls could improve implant
stability in low-density-bone environments during osteotomy preparation. Utilizing IT and
ISQ, the investigation revealed that xenograft integration significantly augments implant
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primary stability, marking a pivotal advance in early implant stabilization protocols for
compromised bone scenarios.

The analysis demonstrated notable improvements in bone volume and trabecular
thickness and a decline in trabecular separation when integrating xenografts with OD
processes. The findings suggest a promising future for xenograft bone walls in fostering
enhanced bone-implant interactions, thereby expanding the possibilities of early loading
protocols and potentially increasing the pool of candidates suitable for implant therapies,
especially broadening the prospects for successful implant procedures in low-density-
bone sites.
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