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ABSTRACT

Aim: To compare the mechanical and radiological properties of animal bone after preparation with different surgical protocols (including tissue compaction/
densification).

Materials and Methods: Samples of animal bone tissue (porcine ribs) were prepared according to 4 protocols: osteotomic, compaction with a bone condenser,
slow (50 rpm) and osteocondensation without special burrs. After preparation, the torque was measured and relative radiological density of the bone was
examined using CBCT.

Results: The torque when using the slow protocol (50 rpm) was 35.82 £ 5.10 Nxcm (M = 36.48), with the standard osteotomic technique — 37.27 £ 2.14
Nxcm (M = 37.40), with the bone condensors — 46.57 = 2.72 Nxcm (M = 46.75) and with osteodensification — 50.61 = 6.77 Nxcm (M = 50.16). The lowest
relative x-ray density of the walls of the implantation channel was when using the osteotomy protocol (1000 rpm) —372.85 + 181.01 dHU (M = 374.00), with
the slow protocol — 538.75 = 167.82 dHU (M = 522.50). Slightly higher values were obtained with the use of bone condensors — 602.18+263.42 dHU (M =
549.00), and the highest was with osteodensification technique — 877.75+226.25 dHU (M = 862.50).

Conclusions: The use of bone condensors and osteodensification techniques (even without special burs) durin: the preparation of the implantation channel
for mini-implants leads to progressive improvement of bone tissue.
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INTRODUCTION

Bone compaction techniques for implant channel
preparation are relatively new and innovative techniques
that can be used, including when installing mini-
implants. Since the purpose of such bone processing
techniquesis to increase its density, which has a positive
effect on the primary stabilization of the installed
implants. Unlike traditional preparation (osteotomic
preparation technique), in which bone fragments are
removed and, accordingly, the mechanical properties
of bone tissue in the area of operation may decrease,
during densification, bone hardness increases, and
its volume is also preserved [1-3]. The vast majority
of manufacturers of mini-implant systems do not
focus the user’s attention on the osteodensification
technique when using their products. Although from
the very beginning, the surgical kits include surgical
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burs for osteotomy bone preparation, as well as bone
condensers or taps, which partially work according to
the bone densification technique [4-6].

When using the osteodensification technique
to prepare the channel for mini-implants, several
advantages may be identified and to be achieved in
the clinic. The first advantage is better primary stability,
and this is the most important advantage. By densifying
the bone, osteodensification provides a tighter fit of
the implant, which leads to higher insertion torque
values and reduced micromovement of the product.
For mini-implants, the functioning of which is often
highly dependent on primary stability due to their
smaller diameter, this is a critical condition for successful
osseointegration. Another advantage of densifying the
wall of the implant channel is improved bone-implant
contact. These techniques increase direct bone-implant
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contact, which is important for the long-term success
of the implantation [7,8].

Also, osteodensificative techniques can locally
improve the quality of bone tissue, especially in areas
with low density (for example, the distal parts of the
maxilla, where there is a high risk of osteoplasia).
This technique can make it possible to place a dental
implant in areas that, with the classic osteotomy
technique of bone bed preparation, would require
more extensive procedures and prior bone grafting.
Another advantage of densification techniques is the
achievement of a slight widening of the alveolar ridge.
These techniques can contribute to the widening
of narrow alveolar ridges (which is a “pleasant” side
effect). This modification of the alveolar ridge allows
for the placement of wider mini-implants or even
conventional implants in affected areas, without
resorting to the more invasive technique of lateral bone
augmentation. An additional advantage of the above
treatment is the higher potential for accelerated healing
and immediate loading of the superstructure. Better
primary stability could potentially allow for earlier or
even immediate loading of mini-implants, reducing
the patient’s rehabilitation period. Another advantage
of densification techniques is the preservation of bone
tissue. By densifying rather than removing bone, the
patient’s existing bone tissue is preserved, which is a
significant advantage in cases where available bone is
limited [6,9,10].

AIM

The aim of the study was to compare the mechanical
and radiological properties of animal bone after its
preparation using different surgical protocols (including
tissue compaction).

MATERIALS AND METHODS

To perform this study, 6 samples of animal bone tissue
(pork ribs) were used. Bones were purchased from a
retail chain (the animals for this experiment were not
slaughtered in a planned manner, but ready-made food
products produced by industrial livestock were used). The
bone tissue was skeletonized mechanically and cleaned
using metal spatulas and disposable scalpel blades.
Subsequently, the ribs were fixed in a vice, as perpendicular
as possible to the ground surface. On the upper edge, ata
distance of 1.5-2.0 cm from each other, marks were made
using the XFD1135 pilot drill from the SlimOneBody XIFS
dental implant surgical set (Dentium). Further, according
to the markings, the implantation channel was prepared
to a depth of 10.0 mm for mini-implants with a diameter
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of 2.5 mm with the following options for speed, direction
and type of instrument:

No 1 (standard protocol) - at a speed of 1000 rpm,
clockwise with a maximum torque up to 35 Nxcm, using
surgical burs XFD1635 and XFD2135;

No 2 (compaction)—ata speed of 100 rpm, clockwise with
amaximum torque up to 50 Nxcm, using osteocondensers
(crest expanders) RS201036R and RS251036R;

No 3 (slow) — at a speed of 50 rpm, clockwise with a
maximum torque up to 50 Nxcm, using surgical burs
XFD1635 and XFD2135;

No 4 (osteodensification) — at a speed of 100 rpm,
counterclockwise with a maximum torque up to 50 Nxcm,
using XFD1635 and XFD2135.

Before using the final surgical burs, all canals were
prepared to a depth of 10.0 mm using the pilot bur
XFD1635. After preparation using the XHDHT hand driver,
XRA3917 adapter and XRCA1 ratchet wrench, 1US251510
dental mini-implants were inserted into the prepared
canals. After insertion, the torque (primary stabilization)
was measured using an XNTW torque wrench (maximum
value - 70 Nxcm. Each measurement was performed 6
times and then entered into spreadsheets. In spreadsheets,
descriptive and comparative statistics methods were used
to establish a significant difference between groups of
values. After measurements, mini-implants were removed
from the implantation channels, and bone tissue samples
after applying metal tags were stored in a refrigerator at a
temperature of 4-6°C.

Subsequently, cone-beam computed tomography
(CBCT) studies of the samples were performed in CBCT
scanner“ACTEON X-MIND prime 3D" (France). The results
of the study were analyzed in the "ACTEON® Imaging
Suite 3D” software (based on the Obukhiv City Dental
Clinic, Kyiv reg., Ukraine), in which the conditional
radiographic density of the bone tissue of the walls of
the implant channel was determined. channel in dHU.
Measurements around each channel were carried out 10
times, the results were entered into spreadsheets, where
statistical data processing was performed. Statistical
analysis of the obtained data was performed by using the
Microsoft Excel 2016 in the form of simple table analysis,
descriptive statistics, and comparative statistics (t-test
by Student). The level of significance was established at
a value of 0.05.

RESULTS

RESULTS OF MEASURING THE LEVEL OF PRIMARY
STABILIZATION OF MINI-IMPLANTS WITH DIFFERENT
PREPARATION PROTOCOLS

The measurements showed that different methods
of preparation of the implant canal on the jaw
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Table 1. Torque indicators of the installed mini-implant with different implant channel preparation protocols, Nxcm

1000 rpm Condensing 50 rpm Osseodensification
Average 37.27 46.57 35.82 50.61
Standard deviation, + 2.14 2.72 5.10 6.77
Median 37.40 46.75 36.48 50.16
Min. 33.55 41.80 26.22 42.75
Max. 41.25 50.60 49.02 68.69

Source: compiled by the authors of this study

Table 2. Relative bone density indicators of the implant channel margins for a mini-implant with different preparation protocols, dHU

1000 rpm Condensing 50 rpm Osseodensification
Average 372.85 602.18 538.75 877.75
Standard deviation, + 181.01 263.42 167.82 226.25
Median 374.00 549.00 522.50 862.50
Min. 77.00 89.00 163.00 418.00
Max. 805.00 1332.00 908.00 1483.00

Source: compiled by the authors of this study

bone model at the final stage of mini-implant
installation showed different torque force, which was
directly proportional to the possible level of primary
stabilization of the dental implant. Thus, the lowest
level of torque was determined when using the slow
preparation protocol (50 rpm) — 35.82 £ 5.10 Nxcm
(M = 36.48), the minimum value was 26.22 Nxcm,
and the maximum - 49.02 Nxcm. With the standard
preparation method (1000 rpm), the torque force was
slightly higher — 37.27 £ 2.14 Nxcm (M = 37.40). The
minimum value was 33.55 Nxcm, and the maximum
- 41.25 Nxcm. When using the bone condenser from
the surgical kit, the torque values of the installed
implantincreased significantly. The average value was
46.57 + 2.72 Nxcm (M = 46.75). Also, the minimum
and maximum values changed in the direction of
increase — 41.80 Nxcm and 50.60 Nxcm, respectively
(Table 1). The highest torque values on the bone tissue
model were obtained when using the fourth bone
canal preparation protocol (osteodensification). The
average value was 50.61 + 6.77 Nxcm (M = 50.16) with
a minimum of 42.75 Nxcm and a maximum of 68.69
Nxcm (almost the upper limit of the torque wrench
measurement).

The results of the statistical calculations showed that
there was a statistically significant difference (p<0.05)
in the torque values during implantinsertion between
protocols 1 and 2, protocols 1 and 4, protocols 2 and
3, protocols 2 and 4, and protocols 3 and 4. There was
no statistically significant difference in the torque
levels after the use of protocols 1 and 3. That is, both
osteotomic techniques - both high-speed (1000 rpm)
and slow (50 rpm) - did not lead to a real difference

in the torque force during the installation of a dental
mini-implant.

RESULTS OF MEASUREMENT OF RELATIVE
RADIOGRAPHIC BONE DENSITY IN DHU

The performed measurements showed more
heterogeneous results than were obtained at the
previous stage of the study. Indeed, different protocols
for preparing the implant channel caused different
changes in the structure of the bone tissue, which
could be registered during the performance of the
CBCT and the corresponding image analysis in the
software. Thus, the lowest level of relative density
of the walls of the implant channel was when using
the standard high-speed osteotomy protocol (1000
rpm). It was 372.85+181.01 dHU (M = 374.00), the
minimum value was 77.00 dHU, and the maximum
was 805.00 dHU. In the conditional second place in
terms of relative radiographic tissue density were
the channels prepared using the slow osteotomy
protocol (No 3). The average value was 538.75+£167.82
dHU (M = 522.50). The minimum was 163.00 dHU,
and the maximum was 908.00 dHU. Slightly higher
values were found in the canal walls prepared using
bone sealers (protocol No 2). Here, the average value
was 602.18+263.42 dHU (M = 549.00), the minimum
value was 89.00 dHU, and the maximum was 1332.00
dHU. Finally, the highest values of the conditional
radiographic density of the walls of the implant canals
were achieved when using the fourth preparation
protocol (osteodensification). In such zones, the
average bone density was 877.75+226.25 dHU (M =
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Fig. 1. Determination of the relative radiographic density of the walls of implant channels in the AIS 3D Acteon program environment

Picture taken by the authors

862.50); the minimum value was 418.00 dHU, and the
maximum was 1483.00 dHU (Table 2)

The results of statistical calculations showed
that the difference in the values between different
protocols was significant (p < 0.05) in such compared
pairs as Protocol 1/ Protocol 2, Protocol 1/Protocol
3, Protocol 1/Protocol 4, Protocol 2/Protocol 4 and
Protocol 3/Protocol 4. The difference was insignificant
in the relative radiological density of the walls of
the implantation channel after the use of Protocol 2
and Protocol 3. That is, the level of bone density on
the CBCT when using special sealants and the slow
osteotomy protocol was similar. It isimportant to note
that almost all preparation methods modified bone
density to varying degrees (Fig. 1).

DISCUSSION

The data we obtained show that the use of bone
condensers and osteodensification techniques leads
to a progressive change in bone tissue in the area
of the future implant canal. It is these two methods
of preparation that allow a significant increase
in the torque during the installation of a dental
mini-implant, as well as an increase in the relative
radiographic density of the prepared tissue. It is worth
noting that a progressive change in the properties of
bone tissue was achieved without the use of special
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osteodensification burs. But only by changing the
direction and speed of tissue preparation using a
conventional bur for osteotomy preparation. Asthe
results of similiar studies show, bone densification
itself is, in fact, a polishing process that redistributes
material on the surface by plastic deformation.
Counterclockwise rotation of the bur causes the edges
to slide along the bone surface with a compressive
force less than the ultimate strength of the bone. Since
fresh, hydrated trabecular bone is a plastic material,
it has a good capacity for plastic deformation. The
irrigation fluid and the tissue fluid content of the bone
itself assist this process by creating a lubricating film
between the two surfaces to reduce friction and more
evenly distribute compressive forces [11,12].
Morphological studies of the results of the
osseodensification technique show that the most peculiar
feature of the bone healing patternis observed at the level
of the more coronal cortical walls, where the bone acquires
an unusual granular appearance. In these areas, osteoid
tissue strands, osteons, and newly formed bone become
visible. Also, the bone trabeculae in the treatment area
demonstrate a specific granular appearance also in the
inner part, while lamellar bone layers are visible on the
outer side.Itis believed that these bone trabeculae thicken
due to the inclusion of autogenous bone fragments in
the regenerate during the healing process. The granules
in the trabeculae appear as nuclei of mineralization. Next
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to these granules, interwoven bone areas are observed,
mixed with lamellar bone [13,14].

The percentage of the bone surface lined with
osteoid bands in the coronal region is much higher
than in other areas around the implant canal. The
increase in bone density is especially noticeable in the
most coronal region. Along with this, bone chips and
resorption of newly formed trabeculae are observed.
It has been established that active bone remodeling is
directed more towards bone attachment and increasing
bone density than towards bone resorption. And such
detected phenomena may indicate that in the long
term, bone can still increase its density [7,13,14].

CONCLUSIONS

Thus, the use of bone condensors and osteodensification
techniques in the preparation of the implant channel
for mini-implants leads to a progressive change in the
bone tissue in the area of future implantation, even
without the use of special osteodensification burs.
These preparation methods allow to increase the torque
during the installation of a dental mini-implant (by 25%
when using bone condensers and by 34% when using
the osseodensification technique), and also increase
the relative radiological density of the prepared tissue
under the control of CBCT (by 47% and 130% in dHU,
respectively).
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