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INTRODUCTION
Restoration of dentition in patients with partial and 
complete edentulousness using dental implant-sup-
ported structures is now recognized as an effective and 
predictable treatment method, a serious alternative to 
partial and complete removable prosthetics. The basic 
designs of dental implants and materials for their man-
ufacture were invented from the 60s to the 90s of the 
XX century and have undergone mostly minor modifi-
cations to date. But since the 90s of XX century, clinical 
implantation protocols have developed significantly. 
Knowledge has been significantly enriched regarding 
the process of osseointegration, long-term use of dental 
implants, problems of repair of orthopedic structures 
and “rescue-rehabilitation” of osseointegrated struc-
tures in various fractures, protocols and approaches 
to bone bed preparation, etc. [1-4]. In the trend of the 
listed research areas, the osseodensification protocol 
proposed by S. Huwais also looks original and promis-
ing in clinical application. The use of the osseodensifi-
cation protocol showed promising results in terms of 

improving osseointegration, increasing bone density in 
the preparation area, reducing the risk of Schneiderian 
membrane injury and increasing the transverse size of 
the alveolar crest, reducing the level of bone resorption 
during sauserisation. A standard high-speed protocol 
for implant bed preparation (osteotomy, with the use 
of aggressive cutting surgical burs at high speeds clock-
wise with constant irrigation of the surgical field) leads 
to bone loss. The developed osseodensification proto-
col involved using a unique non-aggressive design of 
burs that prepared counterclockwise bone tissue [5-7].

The main ideas of the “adepts” of osseodensification 
were that such a phenomenon provides a denser and 
closer contact of the bone and the implant surface, 
which increases the torque during the insertion of the 
implant itself and reduces the time to achieve osse-
ointegration of the dental implant. The osseodensifica-
tion protocol increases the primary stabilization of the 
implant and allows for the installation of larger diameter 
implants compared to the standard protocol since the 
process of bone compaction increases the volume 
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of the alveolar crest. The osseodensification protocol 
proposed by S. Huwais was performed with modified 
surgical burs with the function of bone densification 
(reduced number of cutting edges and their design), 
and such burs could be used at a speed of 800-1200 
rpm counterclockwise - mode without osteotomy, and 
clockwise – cutting mode [5,8,9].

In modern conditions, the trend towards the use of 
osseodensification techniques has affected a significant 
number of dental implantation systems, which has 
manifested itself in the improvement of the design of 
milling cutters, which are becoming more universal – 
at high speeds, they operate in osteotomy mode, and 
at low speeds – 50-70 rpm – they perform osseoden-
sification. These modifications began to spread from 
2018-2019 and, accordingly, long-term results of the 
use of such new surgical dental implantation protocols 
have not yet been accumulated. Accordingly, this area 
of   dental implantology requires further research at 
various levels – from experimental to clinical [10,11].

AIM
The objectives of study were to analyze and compare 
the results of clinical usage of two protocols of bone 
drilling during the surgical stage of dental implantation 
– standard and slow protocols.

MATERIALS AND METHODS
The clinical study group included 30 patients (15 men 
and 15 women) from a private dental healthcare in-
stitution. Two clinical groups were randomly selected 
alternately, using the standard speed of bone tissue 
preparation and the slow speed. The average age of the 
patients was 36.10±5.68 years (M=36.50). All patients 
underwent intraosseous dental implantation in the 
lateral segments of the jaws using a delayed two-stage 
technique with “DENTIUM” “SuperLine NEW” system 
(Korea). The following bone tissue preparation proto-
cols were used: standard high-speed - 1000 rpm at a 
torque of 35 N×cm with water cooling; slow – formation 
of the primary hole with guide mills at a speed of 1000 
rpm at a torque of 35 N×cm with water cooling and 
subsequent use of final mills at a speed of 50 rpm at a 
torque of 35 N×cm without water cooling. After instal-
lation, the torque during fixation was measured using 
a torque wrench (three times, the average value was 
entered into the intermediate tables). All patients were 
prescribed a prophylactic course of amoxicillin/clavula-
nate, for the prevention of pain syndrome – ibuprofen. 
6–7 months after the surgical stage, the dental implant 
was opened to install a gingival former. The strength of 

the product’s fixation in the bone tissue was measured 
using an XNTW torque wrench – the maximum torque 
of the product was 70 N×cm. After a year and a half, the 
patients were called to the clinic, the oral cavity was 
examined, and the clinical status of the tissues around 
the structure fixed on the implant was determined. 
The patients were referred for a repeated CBCT (or 
panoramic study) of the jaws. Using archival data, the 
relative radiographic density of the bone tissue around 
the installed dental implant (at 12 arbitrary positions 
on the image) was compared in a computer program 
with the indicators of the same segment before dental 
implantation. The depth of bone resorption around 
the implant neck was measured, considering that all 
products were installed at the level of the alveolar bone 
edge. The analysis of the obtained data was carried out 
using Microsoft Excel 2016 and the software package 
“BioStat LE” (version 7.6.5), where descriptive statistics 
and comparative statistics methods were applied with 
the calculation of ANOVA and Student’s criteria.

RESULTS
The analysis of the results of measuring the torque of 
dental implants achieved during installation showed 
that its level differed between groups (Table 1). Overall, 
the torque level during dental implant placement was 
38.90±7.92 N×cm (M=39.50), with a minimum value 
of 29.00 N×cm and a maximum of 50.00 N×cm. In the 
first group of patients (where the standard high-speed 
implant bed preparation protocol was used), the aver-
age implant torque during placement was 31.33±1.95 
N×cm (M=31.00), with a minimum value of 29.00 N×cm 
and a maximum value of 35.00 N×cm. In the second 
group, the average implant torque during placement 
was 46.47±1.89 N×cm (M=46.00), with a minimum value 
of 44.00 N×cm and a maximum value of 50.00 N×cm. 
Using comparative statistics methods showed a statis-
tically significant difference between the torque values   
in the two groups. The value of the ANOVA criterion was 
5.42×10-19 and the Student t-test was 3.97×10-11.

At the time of opening the implants, the third of 
the installed products was partially covered by an 
overgrown cortical plate of newly formed bone tissue, 
which had to be carefully removed mechanically with a 
ball-shaped surgical bur with water cooling at minimum 
speed. After removing the plug screw, the internal canal 
of the implant was washed with a 0.05% chlorhexidine 
bigluconate solution, after which a manual implant 
driver was inserted into the implant canal, to which the 
torque wrench ring was fixed. The torque of the installed 
implant was recorded by attempting to turn the “leg” of 
the torque wrench - up to a maximum of 50.00 N×cm.
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It was determined that all the implants installed with-
stood such a load without rotation, regardless of the 
clinical group of the study. No great effort was made to 
avoid damaging the thread of the implant’s internal canal. 
One year after the fixation of the orthopedic structure, 
the patients were examined in the clinic. In the entire 
study group, the state of the implant-osseous relationship 
around the installed orthopedic structures was satisfacto-
ry, regardless of the level of tissue keratization. An analysis 
of the radiographs was performed to determine the bone 
resorption level near the implants’ neck (Table 2).

In general, in the study group, the level of bone resorp-
tion was 0.47±0.10 mm (M=0.45), the minimum value was 
0.35 mm, and the maximum – 0.60 mm. In the first group, 
the depth of resorption was 0.46±0.10 mm (M=0.45), the 
minimum and maximum values   were 0.35 and 0.60 mm, 
respectively. In the second group, the average level of 
sauserisation was 0.47±0.09 mm (M=0.45), the minimum 
and maximum values   were also 0.35 and 0.60 mm, respec-
tively. Applying comparative statistics methods did not 
reveal a significant difference between the two groups in 
the above indicator (p=0.93).

The analysis of the relative radiographic density of 
the jaw bone tissue in the areas of dental implantation 
before and one and a half years after the installation of 
dental implants did not reveal a significant difference in 
this indicator between the two groups of the study. Thus, 
in the first group of patients at the time of installation of 

dental implants, the average conditional radiographic 
density of bone tissue was 719.93±43.10 dHu (M=720.00), 
the minimum value was 645.00 dHu, and the maximum 
– 789.00 dHu (Table 3). After one and a half years, when 
approximately a year had passed since the beginning of 
the functioning of the dental implant as a support for the 
orthopedic structure, the average value of the indicator 
was 722.53±27.49 dHu (M=721.00), the minimum density 
was 690.00, and the maximum – 780.00 dHu. The compar-
ative statistical tests did not reveal significant differences in 
bone density before implantation and one and a half years 
after the operatio. The comparative statistical tests also did 
not reveal any significant differences in the values   before 
implantation and one and a half years after implantation. 
In group 2, the relative radiographic bone density level 
before implantation was 710.00±28.52 dHu (M=704.00), 
the minimum value was 678.00 dHu, and the maximum – 
765.00 dHu. One and a half years after dental implantation, 
the values   changed uncritically. The average density was 
713.80±20.46 dHu (M=713.00), the minimum value was 
692.00 dHu, and the maximum – 754 dHu.

DISCUSSION
Similarly, the same studies were performed on the con-
ditional radiographic bone density values between two 
groups of patients - before the operation and one and a 
half years after it. The results also did not reveal statisti-

Table 1. Implants’ torque level at moment of insertion, N×cm
Index Group 1 Group 2 General

Torque 31.33±1.95 (M=31.00) 46.47±1,89 (M=46.00) 38.90±7,92 (M=39.50)

Min. 29.00 44.00 29.00

Max. 35.00 50.00 50.00

Note: p<0.05

Table 2. The level of marginal bone resorption around the implants’ cervices after the one year of prosthetic stage, mm
Group 1 Group 2 General

M±m (Median) 0.46±0.10 (M=0.45) 0.47±0.09 (M=0.45) 0.47±0.10 (M=0.45)

Min. 0.35 0.35 0.35

Max. 0.60 0.60 0.60

Note: p=0.35

Table 3. The average x-ray jaw bone density among patients, dHu
Group 1 Group 2

Before implantation 1.5 years after implantation Before implantation 1.5 years after implantation

M±m (Me-
dian)

719.93±43.10 
(M=720.00) 722.53±27.49 (M=721.00) 710.00±28.52 

(M=704.00) 713.80±20.46 (713.00)

Min. 645.00 690.00 678.00 692.00

Max. 789.00 780.00 765.00 754.00
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cally significant differences between the groups. Such 
data suggest that using both protocols for preparing 
the implant bed in the alveolar bone caused the same 
reactions from the bone tissue. The results largely co-
incide with the known works performed in many other 
countries. In the experimental work of J. Calvo-Guirado 
(2015) it was also shown that new hybrid protocols for 
preparing the implant bed (including slow, without 
water irrigation) in the alveolar bone tissue do not 
lead to significant changes in the primary stabilization 
of dental implants [10]. Experimental studies of bone 
regeneration in animals after the installation of screw-
shaped intraosseous dental implants using different 
rapid preparation protocols by A. Sarendranath (2015) 
did not show significant differences in the quality of 
bone healing at the microscopic level [11]. Studies by 
H. Pellicer-Chover (2017) showed that in the clinic one 
year after the installation of dental implants using the 
rapid and “slow” protocols, there was no difference in 
marginal bone resorption, and the radiological struc-
ture of the surrounding bone tissue did not differ [12]. 
Comparative studies conducted by D. Simmons (2017) 
using a “soft” and standard implant bed preparation 
protocol showed that the implant survival rate for 1 
year was 93.3% and did not depend on the preparation 
protocol, the level of radiographic bone resorption 
around the implant neck was approximately 0.5 mm 
and also did not differ in patients treated with different 
speed protocols [13]. Experimental studies by L. Witek 
(2019) showed that the osseodensification protocol 
enhances both primary and secondary stabilization 
(osseointegration) of tantalum intraosseous implants. 
Studies by A. Sultana (2020) in clinical conditions (6 
months of patient follow-up) showed that osseodensi-
fication protocols have a generally favorable effect on 
dental implant outcomes [14]. Data from E. Pérez-Pev-
ida (2020) on the results of using different preparation 
protocols for dental ceramic implants showed that with 
slow preparation, the levels of primary stabilization 
of the products are significantly higher [15]. Studies 
of the regenerative properties of bone tissue cells (A. 
Tabassum, 2020), which were collected during the 
preparation of the implant canal according to different 
protocols, showed that with a slow preparation speed, 
osteoblast-like cells had a higher potential for prolifer-
ation and differentiation than with a standard protocol 
[16]. The study by J. Bernabeu-Mira (2021) showed that 
the use of “slow” bone tissue preparation protocols, 
including osseodensification techniques, do not lead to 
a significant difference in the rate and intensity of wear 
of surgical burs for bone preparation, marginal bone 
resorption (sauserisation), the level of implantation 
success and the histomorphological structure of bone 

tissue after the onset of osseointegration. A clinical ran-
domized trial of different speed protocols for alveolar 
bone preparation did not reveal a significant difference 
in the rates of marginal bone resorption 3 months after 
placement [7]. There were also no differences in the 
level of implantation success (A. Tabassum, 2021) [17]. 
A systematic review by X. Yu (2022) shows that three 
optional techniques for implant bed preparation (osse-
odensification, piezotomy, and the use of osteotomes) 
lead to a higher level of primary stabilization of dental 
implants [18]. A systematic review by C. Sigilião Celles 
(2023) indicated that no statistically significant differ-
ence was observed in the mechanical fixation of dental 
implants in the alveolar bone when using different 
high-speed implant bed preparation protocols [19]. S. 
Soler-Alcaraz (2023) conducted fractal measurements 
of bone regeneration after the use of two different 
speed protocols for implant bed preparation showed 
that bone tissue regenerated without significant dif-
ferences, and the different speed protocols used did 
not affect the quality of implant osseointegration [20].

CONCLUSIONS
Using a slow protocol for implant channel prepara-
tion in clinical settings revealed that this approach, 
in addition to reducing bone tissue loss due to bone 
beam microabfractions and attrition, causes certain 
densification of bone tissue due to its condensation. 
The statistical calculations (comparative statistical tests) 
indicated the presence of a statistically significant differ-
ence between the torque values   in the two groups. The 
slow bone tissue preparation protocol used in the clinic 
in the long term, one year after loading the implant with 
a superstructure, did not cause significant changes in 
the structure of the bone tissue compared to the stan-
dard protocol for preparation of the implant bed (as 
evidenced by the analysis of the relative radiographic 
density of the jaw bone tissue in the area of   surgical 
intervention before and one and a half years after the 
installation of dental implants. Observation of the bone 
tissue resorption level in the implant’s cervical area one 
year after the installation of the orthopedic structure 
(sauserisation) did not reveal statistically significant 
differences between the two groups of patients. Clini-
cally, the bone tissue around the installed orthopedic 
structures was satisfactory in the entire study group, 
regardless of the level of tissue keratization. Such data 
may indicate that using a slow bone tissue preparation 
protocol without water cooling at the stage of implant 
bed formation allows for achieving clinical and radio-
graphic treatment results that are identical to standard 
high-speed protocol with water cooling.
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