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Abstract: Background: This study aims to analyze bone compaction and osseodensification techniques
and to investigate how cancellous bone compaction could influence primary implant stability (PS).
Methods: Two different surgical protocols (bone compactors—BC; osseodensification drills—OD)
were compared by placing 20 implants into 20 fresh pig ribs for each procedure. Peak insertion torque
(PIT) and peak removal torque (PRT) were investigated using an MGT-12 digital torque gauge, and
implant stability quotient (ISQ) was analyzed using an Osstell® Beacon device. Results: Analysis of
our data (T-test p < 0.05) evidenced no statistically significant difference between BC and OD in terms
of PIT (p = 0.33) or ISQ (p = 0.97). The comparison of PRT values showed a statistically significant
difference between BC and OD protocols (p = 0.009). Conclusions: Cancellous bone compaction seems
to improve PS, preserving a significant amount of bone and evenly spreading trabeculae on the entire
implant site. While the PIT and ISQ values obtained are similar, the PRT values suggest different
physical responses from the surrounding bone tissue. Nevertheless, a larger sample and further
in vivo studies are necessary to validate the usefulness of BC protocol in several clinical settings.

Keywords: primary implant stability; osseodensification; bone compaction; resonance frequency
analysis; insertion torque

1. Introduction

Dental implants are widely used nowadays for the rehabilitation of edentulous jaws [1]. One of
the most important aims of implant rehabilitation is implant stability [1]. This can be obtained from the
mechanical relationship between the fixture and the surrounding bone at implant placement (primary
implant stability), or from the biological osseointegration process that occurs in the subsequent healing
stages of the implant site (secondary implant stability) [1,2]. Primary implant stability (PS) is influenced
by several variables, such as the implant shape, the surgical procedure used and the bone quantity
and quality [3,4], whereas secondary stability is negatively conditioned by systemic factors such as
age, smoking, autoimmune disease, metabolic disease, neoplasms and drug-related pathologies [5-7].
A good PS is required to enable an immediate-loading protocol and to achieve long-term stability [8].
Over the years, immediate loading of dental fixtures has been exploited due to the reduction in
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treatment time and trauma, and to considerations of aesthetics and the psychological wellness of the
patient [8,9].

Many authors have noted that PS is achieved when implant micro-motion has thresholds lower
than 50 to 150 um before osseointegration occurs [10]. Usually PS is easily obtainable in jaw areas that
have a greater amount of mineralized bone, such as the symphysis region. Over the years, many studies
have shown that the highest implant failure rates were found in the posterior areas of the jaws and
that surgery plays a main role in the rehabilitation of these zones [11,12]. The frequent lack of PS in
these areas has led to the development of numerous surgical protocols that help to increase primary
stability [13]. While the most common method for implant site preparation is bone drilling, this
protocol increases PS only in soft bone due to under-preparation of the implant bed.

Over the years, researchers have analyzed the shape of the implant used in addition to the surgical
technique. Several authors have focused on the advantage of using a specific implant design over
others in the search for primary stability. In particular, it has been highlighted that the apical portion of
an implant can play a fundamental role in the osseointegration process [14,15].

Several surgical techniques have been developed to increase the amount of bone surrounding
the fixture. In particular, researchers have aimed to modify bone quality close to the implant threads.
The osseodensification drill (OD) technique uses universal tapered drills (OD) that can operate in
a clockwise or counterclockwise direction, cutting or expanding the trabecular bone. These drills
used in a counterclockwise direction can produce an osseous densification all along the implant site,
causing plastic bone compaction [3,16]. Recently, a manual osteotomy protocol was introduced by
B&B dental implant (San Benedetto, BO, Italy), which uses customized manual bone compactors (BC)
to improve bone density. This surgical protocol involves the lateral spread of the bone walls of the
implant site, taking advantage of bone elasticity to deform the trabeculae slowly [17]. To analyze PS,
several parameters have been proposed in the literature; among these, peak insertion torque (PIT),
peak removal torque (PRT) and implant stability quotient (ISQ) are the main methods to successfully
investigate the implant stability [18]. The aim of the present study was to analyze any differences
between the bone compaction and osseodensification techniques and to investigate how the bone
compaction technique could influence primary implant stability (PS) in cancellous bone (type III and
IV). The authors hypothesized no difference exists in PS values among the procedures.

2. Materials and Methods

The study was performed at the Dental Clinic of the Magna Graecia University of Catanzaro.
Forty © 4.0 x 10 mm-long tapered implants (3P, B&B Dental, San Benedetto, BO, Italy) were placed in
20 fresh pig ribs (Figure 1).

Figure 1. Surgical protocols performed in cancellous bone: Bone compaction implant site preparation

(A); osseodensification implant site preparation (B).



Appl. Sci. 2020, 10, 8623 30f14

2.1. Pre-Surgical Procedures

The pig ribs were selected from a slaughterhouse, and the soft tissues were dissected exposing
the bone. To investigate bone density, each rib was scanned with CBCT scan (Pax i-3d Green, Vatech,
Yongin, Korea) using the Hounsfield measurement unit (HU), and 20 pig ribs were selected that
matched the study inclusion criteria:

(1) 750 < HU bone density [19], to simulate type III and IV human bone (according to the
Lekholm—Zarb classification) [20];

(2) bone height > 12 mm;

(3) Dbone thickness > 6 mm.

2.2. Surgical Procedures

The surgical protocol used to place each implant was randomly chosen using closed envelopes.
Each pig rib received two dental implants, one placed via the bone compaction technique and one placed
via the osseodensification technique. Pig ribs were fixed on a bench-vice, avoiding micro-movements
during the surgical and recording procedures. Each surgical procedure was performed by the same
expert surgeon.

The 3P tapered implant & 4.0 X 10 mm-long (B&B Dental, San Benedetto, BO, Italy) had a coronal
diameter of 4.0 mm and an apical diameter of 3.2 mm.

2.2.1. Bone Compaction Implant Site Preparation

Implant sites were prepared as suggested by the manufacturer using manual bone compactors
with increasing diameter. The osteotomy started with the 1.7 mm diameter pilot drill. Subsequently,
the implant beds were prepared with a manual rotational movement using tapered bone compactors
(2.2 mm J-3.0 mm J-3.5 mm O and finished with the 4.0 mm ). The major diameter of the last
compactor was 3.7 mm and the minor diameter was 2.7 mm.

2.2.2. Osseodensification Implant Site Preparation

Universal drills with a particular tapered design (Densah Bur, Versah LLC, Jackson, MI, USA)
operating clockwise or counterclockwise were used for this protocol. Surgical procedures started using
a pilot drill of 1.7 mm diameter, followed by a tapered universal drill with incremental diameters of
2.3 mm (ref. VT1828) and finished with 3.3 mm (ref. VT2838) with counterclockwise rotation, except
for the pilot drill. The major diameter of the last drill was 3.8 mm and the minor diameter was 2.8 mm.

2.3. Primary Implant Stability Analysis

Implants were manually inserted 1 mm under the level of cortical bone using the MGT-12
digital torque gauge device (Mark-10 Corp, New York, NY, USA). The increase in insertion
force was 0.5 mm min~!, recording the peak insertion torque (PIT) in Ncm. For each implant,
ISQ was recorded by performing the resonance frequency analysis with the Osstell® Beacon device
(W&H, Goteborg, Sweden) and by screwing a customized SmartPeg. The resonance frequency was
measured with a no-contact technique thanks to the magnetic waves produced by the Osstell® Beacon.
Two measurements of ISQ (BL and MD) were performed for each fixture, directing the probe laterally
in relation to the transducer. Operators repeated each measurement at least three times to validate
the ISQ values, and the highest value was taken as reference for the statistical analysis. At the end of
the measurements, each implant was unscrewed by the same MGT-12 digital torque device, and the
peak removal torque (PRT) was recorded in Ncm. All the procedures were performed by the same
independent operator (Figure 2).
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Figure 2. Primary implant stability analysis: Dental implant placement and recording of peak insertion
torque (PIT) (A,B); measurement of implant stability quotient (ISQ) with a no-contact technique enabled
by the magnetic waves produced by the Osstell® Beacon (C,D); fixtures placed and recording of peak
removal torque (PRT) (E,F).

2.4. Statistical Analysis

The minimum sample size was computed with respect to T-test using the software G*Power
(Heinrich-Heine-Universitat, Diisseldorf), considering a difference between the two groups; N = 40
for sample; n = 20 for each group; |f| > 80%; o« = 0.05 as the probability of type I error; 3 = 0.15 as the
probability of type II error.

To perform the statistical analysis we used the software SPSS Statistics (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp). Data were described as means
and SD, and differences among groups were assessed by analysis of variance (T-test); statistically
significant differences were considered when p < 0.05.

3. Results

Forty implants were placed in 20 fresh pig ribs using two different osteotomy techniques:
20 implants were placed using the bone compactors protocol and 20 implants were placed according
to the osseodensification drills procedure. Implants placed according to the bone compactors protocol
showed a PIT mean of 41.55 + 9.12 Ncm, an ISQ mean of 75.5 + 3.89 and a PRT mean of 45.37 + 7.8 Ncm.
For implants placed using the osseodensification drills protocol, the PIT mean was 38.91 + 7.76 Ncm,
the ISQ mean was 75.55 + 5.76 and the PRT mean was 36.7 + 9.82 Ncm. T-test was performed to
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compare data among the two different groups. Statistically significant differences were observed only
in removal torque parameter (p = 0.009). Data are showed in Table 1.

Table 1. Means and SD of PIT, ISQ and PRT for each group and results of T-test.

PIT .
(Insertion Torque) (Ncm) Sample Size Mean SD
BC 20 41.55 9.12
oD 20 38.91 776
p-value 0.33
15Q '
(Implant stability quotient) Sample size Mean SD
BC 20 755 3.89
oD 20 75.55 576
p-value 0.97
PRT .
(Removal Torque) (Ncm) Sample size Mean SD
BC 20 4537 78
oD 20 36.7 9.82
p-value 0.009 *

p < 0.05; * Statistically significant differences p < 0.05.

Data distributions are summarized in the graphics (Figures 3-5).
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Figure 3. Box plot—insertion torque.
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Figure 4. Box plot—implant stability quotient (ISQ).
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Figure 5. Box plot—removal torque.

4. Discussion

This study aimed to evaluate any advantages and differences between two surgical protocols
in terms of PS enhancement in cancellous bone. Bone height and density are two of the main
parameters considered for a predictable successful result in implantology. Several factors such
as patient’s age, osteometabolic disease and neoplasms can influence bone mineral density [21].
Ordinarily, the symphysis area is characterized by a greater amount of high-density bone, followed by
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the premaxilla, then the posterior areas of the lower and upper jaw [22]. A study by Holahanan et al.
found significantly worse survival rates for implants placed in moderate/poor bone quality compared
with those placed in good bone quality [23]. Furthermore, Vervaeke et al., in a retrospective cohort
study analyzing predictors of implant failure, evidenced major peri-implant bone loss in the maxilla
compared with the mandible [24]. Nevertheless, bone quality is not the only factor crucial to achieving
success in the implant rehabilitation of edentulous jaws. In the last few decades, several types of
implant design and surgical protocols have also been developed and tested to increase primary stability
success rates [25,26]. In particular, several authors have noted how surgical procedures may influence
primary implant stability in areas with the greatest amount of cancellous bone [3,17]. An improvement
in PS values in soft bone can lead to greater predictability of the success of implant treatment.

While several studies have shown that under-preparation of the implant site gives excellent results
in terms of PS [27], this procedure removes bone tissue without affecting the surrounding bone quality
and may cause healing impairment [28,29]. The Summers’ osteotomes technique was introduced for
the crestal approach in maxillary sinus augmentation, causing a layer of compacted bone in the apical
region [30]. This procedure, in particular, was widely used to allow implant placement in the case of
reduced bone height in the posterior maxillary zones; however, this method does not produce any
significant change in the surface of the implant site walls.

In our study, we considered two different surgical techniques, one using bone compactors and
the other using osseodensification drills, to enhance PS values in poor bone quality. Primary stability
was evaluated by insertion torque, resonance frequency analysis and removal torque, which today
represent the gold standard indicators for implant stability [31].

While greater PIT mean value was recorded for the BC group, the minimal difference in terms of
coronal diameter (3.7 mm BC and 3.8 mm OD) and apical diameter (2.7 mm BC and 2.8 mm OD) did
not indicate a significant difference in terms of PIT.

The implant stability quotient (ISQ) value is a parameter obtained during resonance frequency
analysis (RFA). RFA was defined by Sennerby et al. as a bending test of the implant-bone complex
wherein a transducer applies an extremely small bending force [30]. During this test, the fixture
is subjected to lateral force that simulates the conditions of the clinical load, measuring implant
displacement and the stiffness between the implant and the surrounding bone walls.

According to the literature, there is no clear correlation between PIT and ISQ. Furthermore, ISQ is
not an effective one-time measurement parameter; however, it is designed to be a time-related
parameter [31].

Our data analysis evidenced no significant differences in terms of ISQ between the two groups.
High PIT and ISQ values represent the parameters of good primary implant stability, suggesting a
strong stiffness at the implant-bone interface for both groups.

Clinical data and reviews have shown the effectiveness of the osseodensification procedure
in improving primary and secondary stability in medullary bone [32,33]; as evidenced in several
experimental in vivo and clinical studies, the osseodensification procedure has been proven to obtain
the implant osseointegration from a biomechanical and histological point of view, using many implant
microgeometry [34-36].

This concept, supported by histomorphometric and clinical analysis, showed how performing
this surgical technique in soft bone can increase the primary implant stability values, promoting new
bone formation around the fixture, providing greater stability [37—41].

Further clinical studies are required to analyze how implant stability varies during the healing
period subsequent to the two surgical procedures.

While a limitation of this study is the absence of a quantitative analysis of bone density on
micro-CT, the osteotomies CT images showed an increased bone density along the entire implant bed
for both procedures (Figure 6).
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BC protocol

OD protocol

Figure 6. CBCT scans show a hyperdense border along the implant bone walls at the end of the
osteotomies procedures: Bone compactors (BC); osseodensification drills (OD).



Appl. Sci. 2020, 10, 8623 90f 14

As suggested by other authors, good compaction of bone trabeculae in bone marrow may justify
high ISQ values, especially in the crestal region [31,42,43].

Removal torque does not provide data on implant stability directly, but rather represents a
parameter indicating the relationship between bone and implant surface, especially for in vitro and ex
vivo studies [44]. In fact, removal torque testing is not a well-documented clinical stability parameter
in the literature.

In our study, both BC and OD protocols showed high PRT values. This report shows that
surgical procedures involving bone changes allow a closer relationship between implant fixture and the
surrounding bone, obtaining a better implant stability in the post-immediate implant placement [17].
This is a major requirement for protocols that involve immediate loading [45-47]. In particular,
a statistically higher PRT value was found in the BC protocol compared with the value found in the
OD technique. As stated by other authors, the use of Densah drills involves the plastic deformation
of bone particles along the length of the osteotomy [3]; nevertheless, bone compaction performed by
manual bone spreaders helps to create a similar effect of a gradual elastic deformation, preserving
collagen integrity [3,17]. These concepts translate into better redistribution of the material with less
compressive force than mechanical protocols.

Both BC and OD are bone preservation methods. They are vastly different to under-preparation
standard drilling to create a misfit method. In our study, both groups of osteotomies were not
undersized and were within 0.2 to 0.3 mm smaller than the implant major diameter.

Asrecently assessed in a preclinical study implant site, under-preparation with standard extraction
drilling to create a misfit would lead to osteodestruction and the stress/strain linked to the severe
downsized osteotomy could affect BIC and implant stability [29]. In fact, the micro-fractures
performed in the peri-implant bone can cause a huge zone of dying osteocytes [48]. High interfacial
pressures and mechanical under-preparation seem to produce a pro-resorptive environment as
indicated by the lack of alkaline phosphatase activity and collagen I. Several authors assessed
that the osseodensification technique produces bone chips usable as autografts during implant site
preparation [49]. This phenomenon could play a main role in the implant site healing thanks to the
osteogenesis and osteoconductive properties of the autologous bone chips.

The manual bone compaction procedure represents a less invasive method allowing maintenance
of a greater amount of bone compared with standard drilling procedures, with a progressive compaction
of the bone trabeculae carefully controlled by the clinician during the surgical phases [17].

The analysis of the values recorded in our study showed an excellent primary stability can be
achieved performing both techniques. While the ISQ measurement did not reflect any significance
value specially in any human clinical oral sites [50,51], the high values recorded suggest a condition
favourable to the osseointegration phenomenon. Moreover, the PIT values represent a more predictive
parameter for the evaluation of the relationship between the implant surface and the surrounding bone
during the implant placement, especially in clinical situations [52]. Furthermore, insertion torque and
ISQ are assessed as independent and incomparable methods of measuring PS [53]. Primary implant
stability could be underestimated, mostly in the presence of medium or low values of PIT and ISQ,
showing insufficiency in preventing errors when an immediate loading technique is performed [54].

This study was designed to analyze two surgical protocols and the primary stability values
obtained in cancellous bone.

The pig ribs used in our study represent a suitable model according to the literature [3,17,55].
This model was used due to the homogeneous and simple geometry of the pig ribs, and the presence
of a large amount of cancellous bone in the distal part.

One of the study limitations is the absence of temperature recording during the implant site
osteotomies. In the literature, the influence of increasing temperature on implant stability and on
osseointegration has been carefully analyzed [56-59]. Some authors have stated that drilling modalities
can influence heat generation in low-density bone [60]. Other studies evaluated the drill materials and
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the impact on temperature changes, particularly in the apical portion of the implant bed [61]. However,
we did not consider temperature alterations as a variable in this study.

Moreover, this research presents all the limitations of an in vitro study such as the absence of
the implant osseointegration and the evaluation of the BIC (bone-implant contact) at the end of the
healing process.

In vivo studies are necessary to evaluate how primary implant stability could be influenced by
these surgical procedures in cancellous bone. Surgical parameters such as bleeding and overheating
may also affect the healing response in vivo [57,62]. The use of an in vitro animal sample does not
allow investigation of any intraoperative complications that could occur during surgical procedures
with complex patients [63—65].

5. Conclusions

Despite the study limitations, our in vitro results demonstrate that both bone compaction and
osseodensification technique positively affect the primary implant stability values in cancellous bone.
Bone density and the relationship between bone walls and implant surface seem to be influenced
by bone compaction along the entire implant bed, allowing for higher PIT, ISQ and PRT values.
Moreover, the use of manual bone spreaders preserves a significant amount of bone, exploiting the
elastic feature of the soft bone, positively improving the implant primary stability. Nevertheless,
several in vivo studies are required to analyze any possible difference between the surgical techniques
(BC and OD) performed in this study, in terms of histological healing and long- term clinical data with
success rates.
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Abbreviations

OD Osseodensification drills

BC Bone compactors

PS Primary implant stability

PIT Peak insertion torque

RFA Resonance frequency analysis
ISQ Implant stability quotient
PRT Peak removal torque
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