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Abstract: Many different osteotomy procedures has been proposed in the literature for dental implant
site preparation. The osseodensification is a drilling technique that has been proposed to improve the
local bone quality and implant stability in poor density alveolar ridges. This technique determines
an expansion of the implant site by increasing the density of the adjacent bone. The aim of the
present investigation was to evaluate the effectiveness of the osseodensification technique for implant
site preparation through a literature review and meta-analysis. The database electronic research
was performed on PubMed (Medline) database for the screening of the scientific papers. A total of
16 articles have been identified suitable for the review and qualitative analysis—11 clinical studies
(eight on animals, three on human subjects), four literature reviews, and one case report. The meta-
analysis was performed to compare the bone-to-implant contact % (BIC), bone area fraction occupied
% (BAFO), and insertion torque of clockwise and counter-clockwise osseodensification procedure
in animal studies. The included articles reported a significant increase in the insertion torque of
the implants positioned through the osseodensification protocol compared to the conventional
drilling technique. Advantages of this new technique are important above all when the patient has
a strong missing and/or low quantity of bone tissue. The data collected until the drafting of this
paper detect an improvement when the osseodensification has been adopted if compared to the
conventional technique. A significant difference in BIC and insertion torque between the clockwise
and counter-clockwise osseodensification procedure was reported, with no difference in BAFO
measurements between the two approaches. The effectiveness of the present study demonstrated that
the osseodensification drilling protocol is a useful technique to obtain increased implant insertion
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torque and bone to implant contact (BIC) in vivo. Further randomized clinical studies are required to
confirm these pieces of evidence in human studies.

Keywords: osseodensification bone osteotomy; endo-osseous dental implant; primary stability; bone
to implant contact

1. Introduction

In recent years, the osseointegrated dental implant has become the gold standard
therapy to avoid missing teeth loss [1-3]. The osseointegration is an ankylotic relationship
between two interfaces, respectively, the implant surface and the surrounding bone. The
healing of dental implant is clinically and histologically determined by the primary stability,
that is, the expression of the friction ratio during the screw positioning, while the secondary
stability is correlated to the new bone formation and remodeling in contact with the implant
surface [4,5].

Today, new techniques have been developed [6] to decrease the tissue stress [7], and
hence the pain and some complications to the patient [8], and make the performance of
the surgery moment for the dentist and his team easier [9]. In this paper, we analyzed
the osseodensification technique operating in the opposite rotatory direction than the
conventional drills due to the use of different drills with an exclusive and patented design.
Because of this technique, it is possible the bone condensing toward the osteotomy walls
within the same surgery moment of the implant site preparation [9-15].

Nowadays, dental implants have become the treatment adopted for the replacement of
natural dental elements [16]; this is due to the high biocompatibility and great biomechani-
cal properties; therefore, these are well accepted by patients who require this treatment
more and more frequently [17]. The placement of a dental implant involves one surgery
moment, a prosthetic moment, and a step of periodic follow-up to assess the success and
the maintaining of the ideal conditions of dental implants and patients’ tissues [18]. There
are some factors that may influence the result of the treatment; some depend on the pa-
tient, such as the presence of systemic diseases (diabetes mellitus, diseases of coagulation,
osteoporosis) [19-23], therapy with anticoagulants, bisphosphonates, cardio aspirin [24],
physiology and anatomy of the treated structured (bone quantity available and density,
mental nerve not far from the level of the bone crest) [25-32]; others depend on the operator
(experience, methods, and instruments used, team skills) [33]. Nevertheless, we must con-
sider that also in healthy patients and experienced operators, some implant complications
(peri-implantitis, bone dehiscence, and impossibility to obtain ideal implant stability) may
be a very common situation because of other etiologic agents, such as biomechanical factors
or inadequate preparation of the site hosting the implant [19,24-26,33,34]. Moreover, the
bone density evaluation through preoperative tomography planning could be useful for
the qualitative and quantitative diagnostic of the native alveolar ridges according to the
Hounsfield scale [35]. These values, in conjunction with resonance frequency analysis
(RFA) values and insertion torque measurements, can provide the implant surgeon with an
objective assessment of bone quality and may be especially useful where a poor-quality
bone is suspected.

The evolution of the techniques and materials adopted has allowed more doctors and
patients to use this type of therapy, making possible the placement of implant elements
in very hard situations where only a few years ago the professional would have chosen a
different therapeutic choice [36]. One of the main principles for successful therapy is the
achievement of suitable primary stability during the implant placement [37] in respect to
the biology of the host [38] and factors depending on the invasiveness of the operation;
the more the preparation of the implant site will be performed in an atraumatic way by
avoiding the overheating, and so the necrosis of the site, the more we will be able to respect
tissues of the host by avoiding intra- and post-operation complications (bleeding, swelling,
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local infection, invasion of the noble structures adjacent to the surgery, implant early loss,
inadequate healing of hard and soft tissues involved during the operation, presence and/or
formation of pus immediately after the operation, pain, alteration of the sensitivity of the
area) [39-41].

After the surgery, we may assess the primary stability of the placed implants, a value
that indicates the contact of the implant surface with the surrounding bone [42]; after this,
the secondary stability will follow, which is reached after the processes of remodeling and
healing of the bone [43]; usually, the achievement of good primary stability will be followed
by correct secondary stability [44]. In this way, the dynamic functional response of the bone
tissue is determined by the bone-to-implant contact percentage (BIC), which is constantly
interested in remodeling processes under the functional loading [25,26,40-43,45-48]. In
order to assess the implant stability, we may use an index called the implant stability
quotient (ISQ), a unit of measurement, which allows us to assess the degree of integration
of the placed implants [49]; the clinical range of the ISQ is ranged between 55 and 80,
and if the value is higher than 65, it is commonly accepted as a favorable situation for
implant stability; on the contrary, values under 45 are considered as insufficient implant
stability [42].

The ISQ has no relation with the micromovements suffered by the implants [50],
representing another factor to consider fromnthe beginning of the post-operation step
because if it is higher than 50-100 , it may influence negatively the militainment of the
implant stability [51,52]. Moreover, the insertion torque (IT) represents one of the most
common clinical predictors for dental implant primary stability [11,14,15,53,54]. This value
is correlated to the mechanical frictional relationships between the implant fixture and the
surrounding bone during the device positioning. The disadvantage of IT is represented by
the non-repeatability of this measurement during the operative practice [11,53].

Therefore, we may consider implantology as the science that has led to a new revolu-
tion in the field of oral rehabilitation, with a success rate of more than 90% in the last decade,
whose success factors are due to many factors, which we can sum up in [54] as factors
related to implants (biocompatibility, the topography of the surface, composition, shape,
ergonomics, dimension); factors related to the host (quality, density, the volume of the
bone tissue); factors related to the surgery (primary stability obtained, infections, mechanic
and/or thermal mechanic trauma); and systemic factors (systemic diseases, administration
of drugs, parafunctional habits) [55-58].

Among the mentioned factors, we chose to focus on the primary stability because
this is an indicator of the predictability of healthy that the implant will keep by the
time and therefore the success of the therapy [59]. Over the years, several techniques
have been developed to increase the primary stability; some of those include the use of
condensers of bone tissue and osteotomes, namely, specific tools to increase the bone
quantity used as anchorage for the implant [60]. Despite the success of the use of these
techniques is supported by the scientific community, they have considerable complications
and sometimes they appear to be difficult to perform [61].

The recent technique of osseodensification introduced by Huwais in 2015 allows us
to increase the bone tissue density surrounding the preparation implant site during the
surgery with adequate drills designed working in opposite direction, with low-speed
irrigation (by avoiding the overheating of the tissue, and so its necrosis) [62]. The purpose
of this review is to perform an analysis of scientific texts issued until now about this
topic and the bone-to-implant contact % (BIC), bone area fraction occupied% (BAFO),
and insertion torque meta-analysis evaluation. The aim of the present research was to
investigate the osseodensification drilling procedure for implant site osteotomy through
a systematic review and meta-analysis. This review has been developed to define the
advantages, the eventual complications, the unexpected events, the success rate, and the
efficacy of the preparation of the implant site occurred through the use of the innovative
technique using proper drills for the osseodensification; to obtain the needed information,
we performed a careful quantitative analysis of the modern literature.
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2. Materials and Methods
2.1. Search Strategy

The PICO (population, intervention, comparison, outcome) question has been re-
ported in Table 1. The aim of this article is to analyze the results of modern studies on
osseodensification technique and evaluate the cases in which it could be beneficial in
comparison to the common technique, the anatomical areas where the technique is more
effective because of their peculiar kind of cut, and the capacity of this technique to reach a
primary stability value higher than the common methods, especially in difficult cases.

Table 1. PICO (population, intervention, comparison, outcome) questions explication.

Population)\Patients Intervention Comparison Outcomes
. . hat is th in i i Is th 1 i . .
Patient group of interest? Whatist ¢ mam mtgrvenhon S t ereana ternative What is the clinical outcome?
you wish to consider? intervention to compare?

Patients that need oral

rehabilitation with dental

implant surgery in
low-density bone areas

Can this technique provide
optimum primary implant
stability?

Implant positioning with the Conventional implant
bone compaction technique Site preparation

We have performed this research in the archives PubMed-Medline and Google Scholar,
without limit of language, written from 2012 to 2020. The following keywords have been
researched singly and together with the Boolean operators “or, not, and”: “osseointegra-
tion,” “osseodensification,” “drill,” “stability,” “primary,” “implant,” “dental”; 818 papers
were founded using these keywords. Subsequently, we selected the most important papers
that mostly met the inclusion criteria that we set for the development of this scientific
review. Then, these papers have been analyzed to answer the question that has stimulated
the production of this text “what are the clinical and histological effects at the level of
the bone tissue obtained through the preparation of the implant site with the technique
of osseodensification?”. To avoid the risk of bias and to respect PRISMA Statement [63],
we only selected the papers that describe the technique of bone compaction with drills
specific for this preparation, both used with clockwise and anticlockwise movement, with
refrigeration, and with a salt solution. We considered the studies with a statistic value
p < 0.005, and for the choice of papers concerning operations on animals, we only selected
those that followed the guidelines ARRIVE [26]. The pictures included in this paper have
been obtained through research in the archive PubMed-Medline, Google Scholar, and
clinical cases managed by the authors of this review. The data recorded from the analyzed
studies were duplicated in this article from the original ones to avoid manipulation or
errors that can happen in the data transcription.

Among the research of the archives of scientific literature obtained by the keywords
previously mentioned, according to the impact factor, the relevance of the title and sum-
mary, and the year of publication, we have carried out the first step of this selection of
those used in this review and then we have chosen the most specific and suitable to the
aim of our research.

i

2.2. Inclusion and Exclusion Criteria

We only selected papers describing the osseodensification technique with drills spe-
cific for this preparation, both used with clockwise and anticlockwise movement, with
refrigeration, and with a salt solution. In the present investigation, the qualitative eval-
uation and meta-analysis were performed only in animal studies while no randomized
clinical trial was identified by the electronic database screening. We have considered papers
with statistic values of p < 0.005, for the choice of papers about operations on animals
we only selected those following the ARRIVE guidelines. The papers excluded are those
without bone compaction, whose statistic value was different from p < 0.005, in which there
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Eligibility Screening Identification

Included

was missing information about osseodensification with suitable drills or patients submitted
to it.

2.3. Study Selection

All the included articles were full text, chosen by their title and abstract. Each one was
studied independently according to the inclusion and exclusion criteria mentioned above
(Figure 1). The majority of the papers were in the English language, and we only choose
the ones in which the drilling technique was performed following the guidelines of the
burst producer. The minimum follow-up period was set to three weeks.

Records identified through
database searching
(n=2818)

l

Records after duplicates removed

(n=798)
y
Records screened R Records excluded
(n=798) e (n =755)
v
Full-text articles assessed Full-text articles excluded,
for eligibility > with reasons
(n=43) (n=27)

\ 4

Studies included in
qualitative synthesis
(Human/animal Studies
n=16)

!

Studies included in
guantitative synthesis
(n=6)
Animals Studies

Figure 1. Studies screening and inclusion for qualitative analysis and meta-data evaluation processes [63].

2.4. Data Extraction

We considered useful and extract the following data from the articles we analyzed:
the sample, the type of implant used in the surgery technique, the number of implants
placed, the comparison of the new technique with the conventional ones, or other sur-
gical approaches utilized in low-density bone areas, the BAFO, BIC, and IT index. We
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also gave importance to the follow-up period and the method of execution of the bone
compaction technique.

2.5. Critical Appraisals

To avoid the risk of utilizing poor statistic evidence studies, we set the parameter of
p-value < than 0.005 to consider useful an article for our review, and we use only articles
that consider the BAFO, BIC, or IT index as an adequate index for the primary implant
stability measurement. Moreover, we made sure all included papers describe the bone
compaction technique as the guidelines describe it. We studied the sample management of
each article analyzed and evaluated if they met the inclusion criteria and eliminated any
possibilities of distorting result, such as systematic processes that can affect the bone quality
of the subject, or the indiscriminate use of antibiotics and any drugs that can manipulate
the post-surgery results.

2.6. Meta-Analysis Methodology and Risk of Bias Assessments

A special database (Excel, Microsoft, Redmond, WA, USA) was used for the study
data collection. The meta-data analysis was performed between the clockwise and counter-
clockwise procedures on iliac crest sheep model studies. The papers not conforming to
the criteria were not included. The average differences were conducted for continuous
variables if at least four studies were included. The evaluation was performed using
the software RevMan 5.5 (The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark 2014). The variables considered were implant insertion torque, BIC,
and BAFO histomorphometry measurements.

The risk of bias evaluation was performed in accordance with the ARRIVE guidelines
for animal researches. The assessed risk of bias parameters was the ethical statement,
completeness of the experimental process description, completeness of animal details (such
as age, gender, weight), randomization process, selection and detection bias, population
sample size determination, attrition bias, statistical evaluation, and conflict of interests.
The risk of bias was defined as adequate, unclear, or inadequate. A low-risk study was
determined for at least 7/10 adequate risk for each parameter. The measurement was
conducted using the software RevMan 5.5.

3. Results

The papers selected have been entirely analyzed to reach the purposes of this study.
From this analysis, the results are those reported in the following table (Table 2).

Table 2. Comparison of the papers analyzed according to the choice of the sample of these studies, the techniques used,

the model and type of implants, the results obtained. BAFO, bone area fraction occupancy; BIC, bone-implant contact;

IT, insertion torque; OD, osseodensification technique through alveolar preparation, OSO, osseodensification technique

through alveolar preparation with drills used in a clockwise direction; OAO, technique of osseodensification through

alveolar preparation used in an anticlockwise direction; C, conventional technique of alveolar preparation; CS, technique

that uses Summers osteotomes.

Authors Study Model Techniques Implants Type N implants BAFO BIC IT
. . OAO>C
Ssggsﬂggﬁz:i’ (;): Tapered screw p=0.037
Alifarag et coll. Ovine iliac crest reparation vent 36 (18 TSV; 18 0OSO >C
2018 [64] (leodl(’wise °ny  Trabecular metal ™) p=0.005
anticlockwise) (Zimmer) OAO\OSO
p>005
-Diameter
41 mm >35 Nem
(26,56.2%) 35 impl;nts
o P 3.5mm o
Hindi et Eoll. Humans osseoder151f'1catlon (20:43.8%) 46 _(7641 o)
2020 [65] preparation “Length =35 Ncm
10 mm (21;45.6%) 11(;;};};1)&5
12 mm (19;41.3%) e

8 mm (6;13.1%)
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Table 2. Cont.
Authors Study Model Techniques Implants Type N implants BAFO BIC IT
Conventional; os- ™
. seodensification .
Witek et coll. Ovine iliac crest reparation (Zimmer) OAO>C OD>C
2019 [66] prepar 3.7 mm diameter p=0.036 p>0.05
(clockwise and
. . 10 mm length
anticlockwise)

Immediate
post-operative
+\— 61.3 Ncm,

Koutouzis et coll. osseodensification . after 3 and 6
2019 [67] Humans preparation TSV (Zimmer) 3 weeks
respectively
+/—56.6 Nem
and +/—59.8
Conventional, os- 72 implants, 36 050> C
Lahens et coll. Ovine iliac crest reparation treated with acid; (p =0.024) 0SO + OAO>C
2018 [68] prepar 36 treated OAO>C (p < 0.001)
(clockwise and mechanicall (p = 0.006)
anticlockwise) y p=0
—10 implants 3.8
mm diameter; 10 C=46.19% +/—
.. Conventional; Dynamic mm length 3.98%;
Trisi et[g;)}l. 2016 Ovine iliac crest osseodensification Implant —10 implants 5
preparation (Cortex) mm diameter 10 OD = 49.58%
mm length +/—3.19%
OD = immediate
post operation
65.6; after 6
Conventional; 20 ths 66
Sultana et coll. Humans anterior onventionay, Tuareg S Several months
) osseodensification X . OD =57.6
2020 [70] maxilla . (Adin) diameters and . .
preparation 1 . immediate post
ongitudes .
operation; after 6
months 64.8
OD\C=p >0.05
Summers
. . 12 C=314%
Tian et coll. 2019 Swine, osteotomes; os- . _ = o
[71] mandibular crest seodensification 4 mm diameter Ob>Cp=0.198 OD = 62.5%
. 13 mm length OD > Cp=0.018
preparation
Conventional +
Summers 18 OD = 60.3%
Slete et[éc(())]l 1. 2018 Swine tibia osteotomes; os- (Zi]r;lsr\r(er) 4.7 mm diameter CS=40.7%
seodensification 13 mm diameter C=16%
preparation
60, conical,
4 mm diameters OAO = +/-31%
Conventional; os- 10 mm length 0SO = +/—-28% C =10 Ncm
Oliveira et coll seodensification (30 with surface OD>Ce=p= C= OSO =53 Nem
2018 [72] ’ Ovine iliac crest preparation treated with 0 336 p= +/—24% OAO =78 Nem
(clockwise and acidifiers, 30 : OAO >0S0O >C
anticlockwise) with only OD>C=p= =p <0.005
mechanic 0.148
treatment)
C =25Ncm
osseodensification C =50% 0S5O = quasi 100
Lahens et coll. . preparation . 304 OD>C=p= 050 =60 ‘{0 Nem .
Ovine . Axis Tag 4.2 mm diameter OAO =70% OAO = quasi 100
2016 [73] (clockwise and 1 1 h 0.22 D\C =
anticlockwise) 0 mm lengt OD\C = Nem
p <0.05 OD\C=p<
0.001

As resulting from the table previously described, the alveolar preparation performed
with drills for osseodensification allows us to increase the surface of contact between the
surface of the implant and the autologous bone of the patient [66,70,71,73-75]. Moreover,
we may consider how the use of drills for osseodensification with anticlockwise movement
(REVERSE) allows us to preserve and compact the residue bone in the immediate proximity
of the implant in a more effective way than the use of clockwise movement [64,68,69,71-73].
We analyzed another comparison about the quantity and quality of the autologous bone
maintained by the preparation with osseodensification than the Summers osteotomes,
which has reported a BIC higher than 19.4% with the use of the technique with drills Versah
(Densah, MI, USA) [32]. A total of eight studies analyzed was on animal subjects: six on
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ovine, in which we used the region of their iliac crest, two on swine (one study has used
the atrophied alveolar crest, and the other one a portion of their tibia); three studies have
been performed on human model (one on areas with poor bone density, one in health
alveolar crest, and one in the anterior portion of the upper maxillary). The quantity of
the implants placed varies in each research analyzed, i.e., 12, 18, 20, 28, 30, 36, 46, 60, 72,
with several follow up 6-12 weeks [65], 3-12 weeks [35] 2 months [69], 3-6 weeks [67],
6-8 months [70], 3-6 weeks [72], 6 weeks [60], and 3 weeks [64]. The values used to
compare the several techniques are BIC [62,66,70,73,75], BAFO [66,71-73] (Figure 2), in-
sertion torque [67,69,70,72,74], biomechanical analysis [69], histological analysis [71,73,75],
ISQ [67], and histomorphometry analysis [60]. Moreover, it is important to underline the
difference in the execution of the compared techniques (Figure 3), i.e., preparation for
osseodensification: pilot drill 1.5 mm, followed by the osseodensification drills Versah®
used with anticlockwise movement at 900-1200 rpm with irrigation [67]; conventional
preparation: pilot drill 1.7 mm, followed by the drills recommended by the producers until
the desired diameter (4.7 mm), technique with Summers osteotomes: pilot drill 1.7 mm,
followed by the osteotomes until the compaction of the desired area, I, II, III; technique
of osseodensification: pilot drill 1.7 mm, subsequent drills of diameter 2.5 mm, 3.5 mm,
and 4.5 mm, with irrigation [32]; conventional preparation: pilot drill at 800-1000 rpm,
followed by the drills recommended by the producer until the desired diameter, prepa-
ration for osseodensification: pilot drill with clockwise movement at 800-1500 rpm with
abundant irrigation, then drills for osseodensification until the desired diameter [42];
conventional preparation: pilot drill 2 mm, drills 3.2 mm, and 3.8 mm, preparation for
osseodensification with clockwise movement: pilot drill 2 mm, pilot drills 2.8 mm and
3.8 mm, preparation for osseodensification with anticlockwise movement: pilot drill 2 mm,
drills 2.8 mm and 3.8 mm, and the three preparations have been performed at 1100 rpm
with salt irrigation [68]; conventional preparation: pilot drill 2 mm, conventional drills
3.2 mm and 3.8 mm, preparation for osseodensification with clockwise movement: pilot
drill 2 mm, drills, 2.8 mm and 3.8 mm, and the three preparations have been performed at
1100 rpm with salt irrigation [39]; conventional preparation: pilot drill 2 mm, conventional
drills 2.8 mm and 3.4 mm, following the protocol Zimmer Biomet until the desired diameter,
preparation for osseodensification with clockwise and anticlockwise movement: pilot drill
1.7 mm and drills 2.8 mm and 3.8 mm, the three preparations have been performed at
1100 rpm with salt irrigation [64]; preparation for osseodensification with anticlockwise
movement: pilot drill followed by the drills until obtaining an alveolar site of diameter
lower than the one of the implant designated of 0.5-0.8 mm, by using a speed of 800 rpm
with abundant irrigation, with insertion torque of 35 Ncm [66]; conventional preparation:
pilot drill 2 mm, conventional drills of 2.8 mm and 3.4 mm, preparation for osseodensi-
fication with clockwise and anticlockwise movement: pilot drill 1.7 mm performed by
the drills 2.8 mm and 3.8 mm, the three preparations have been performed at 1100 rpm
with salt irrigation [73]; conventional preparation: pilot drill 2 mm, conventional drills
3.2 mm and 3.8 mm, preparation for osseodensification with clockwise movement: pilot
drill 2.00 mm, drills, 22.8 mm and 3.8 mm, preparation for osseodensification with an-
ticlockwise movement: pilot drill 2.00 mm, drills 2.8 mm and 3.8 mm [68]; preparation
for osseodensification: pilot drill 2 mm at 1200 rpm, drill VT1828 in REVERSE mode at
1200 rpm, drill VT 2838 in REVERSE mode at 1200 rpm, and drill VT 3848 in REVERSE
mode at 1200 rpm [69] (Figures 4-11). In the researches performed on human patients no
signs of pain, suppuration, inflammation, peri-implantitis or factors in which there may
result the failure of the implant surgery have been detected [67,69,72].
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Level of Significance

BAFO BIC

0_
p<0.05 p=0.05 p<0.05 p=0.05

Figure 2. Comparison of the statistic value p. between the conventional technique of implant site
preparation and technique with the use of drills for osseodensification. Parameters used BAFO
(considered in 4 studies of 11) and BIC (considered in 6 studies of 11). For p < 0.05 we considered
statistically valid the favorable results obtained by the osseodensification technique compared to the
conventional technique.

OSSEODENSIFICATION DRILLS

IMPLANT SITE PREPARATION MODALITIES

¢« CLOCKWISE (positive rake angle®)
bone cutting effect

¢« COUNTER-CLOCKWISE (flute back rake angel®)
simultaneous compactation and
auto-graft three-dimensional bone expansion

Figure 3. Main characteristics of the osseodensification drilling technique: details of clockwise and
counterclockwise implant site preparation modalities.
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Figure 4. Details of the osseodensification drills system. (A) description of the cutters with an indication of the depth
of the bone from 3.00 mm to 20 mm of the method “implant drilling with bone compaction instrumentation technique.”
(B) Complete osseodensification Kit 13. “implant drilling with bone compaction instrumentation technique.” (C) Complete
kit of all the cutters Versah® (includes all the 13 cutters) with the method “implant drilling with bone compaction instru-
mentation technique.” Autoclavable kit at 137°. (D) Cutters in progressive order of the method “implant drilling with bone
compaction instrumentation technique.”

Figure 5. Initial drilling pilot cutter of the method “implant drilling with bone compaction instrumentation technique.”

Figure 6. Second cutter with a diameter of 2.0 mm in the method “implant drilling with bone compaction instrumenta-
tion technique.”
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Figure 7. Third cutter with a diameter of 2.3 mm in the method “implant drilling with bone compaction instrumenta-
tion technique.”

A 5S4 18 S B ot s s o e

Figure 8. Fourth cutter with a diameter of 2.5 mm in the method “implant drilling with bone compaction instrumenta-
tion technique.”

Figure 9. Fifth cutter with a diameter of 3.0 mm in the method “implant drilling with bone compaction instrumentation technique.”

L IL R T e ep—

Figure 10. Tenth cutter with a diameter of 4.5 mm in the method “implant drilling with bone compaction instrumenta-
tion technique.”
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Figure 11. The 13th and last cutter with a diameter of 5.5 mm, method “implant drilling with bone compaction instrumenta-

tion technique.”

Meta-Analysis and Risk of Bias Measurement

A total of four comparative articles with histomorphometry BIC and insertion torque
values with clockwise and counter-clockwise procedures were included. The experimental
outcomes were classified according to a minimum follow-up period of three weeks [66,70,74,75].

A total of five stu

dies were included according to histomorphometry BAFO for a com-

parative evaluation between clockwise and counter-clockwise procedures [66,68,70,74,75].
The meta-analysis procedure demonstrated a significantly higher BIC percentage
between the counter-clockwise group compared to the clockwise group was present (overall
effect: p < 0.01; Z: 108.53; heterogeneity: p < 0.01; x2: 21279.89, df:3; I>: 100%) (Figure 12).

Clockwise Counter-clockwise Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alifarag et al 2018 512 B5 24 485 5.4 24 426% 170 [1.71,5.11]

Lahens etal 2016 491 159.3 10
Lahens etal 2018 03 B3 24
Oliveira et al 2018 287 W7 20

Total (95% CI) 78

784 224 10
38r 6.9 24
325 2.1 20

78

Heterogeneity: Chi®= 21279.89, df= 3 (P = 0.00001), F=100%
Testfor overall effect 2= 108.53 (P = 0.00001)

1.5% -29.30 [-47.67,-10.93] -
35.4% -346.70 [-350.44, -342.96] u
20.6% -3.80[-8.70,1.10]

100.0% -123.08 [-125.31, -120.86] |

200 100 0 100 200
Conter-clockwise Clockwise

Figure 12. Forest plot of comparison of BIC percentage, of the clockwise procedure (right) and counter-clockwise procedure

(left).

A significantly higher insertion torque between the counter-clockwise group compared
to the clockwise group was highlighted (overall effect: p < 0.01; Z: 11.89; heterogeneity:
p <0.01; x2: 30.14, df:3; 12: 90%) (Figure 13).

Clockwise Counter-clockwise Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alifarag et al 2018 GEA 151 24 BREZ 113 24 196% -2 701024, 4.849] —
Lahens etal 2016 Y211 272 10 933 284 10 1.9% -1.20 [-25.87, 23.17]
Lahens etal 2018 a4y 7l 24 TB4 103 24 M 4% -23T70[28.89,-18.51] ——
Oliveira etal 2018 A2E BB 0 T8I 105 20 3TA% -ZETFOE3218,-11.27 —m—
Total (95% CI) 78 78 100.0% -20.27[-23.62,-16.93] <
Heterogeneity, Chi®= 3014, df=3 (P = 0.000013; F= 80% f

Testfor overall effect: £=11.89 (P = 0.00001)

20 0 0 10 20
Counter-clockwise Clockwise

Figure 13. Forest plot of comparison of insertion torque, of the clockwise procedure (right) and counter-clockwise procedure

(left).

No significant difference of histomorphometry BAFO percentage between the counter-
clockwise group compared to the clockwise group was reported (overall effect: p = 0.21; Z:
1.24; heterogeneity: p = 0.59; x2: 2.83, df:4; I%: 0%) (Figure 14).
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Clockwise Counter-clockwise Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SO Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alifarag et al 2018 43.2 83 24 394 2.9 24 Z59% 3.80[1.07, 867]
Lahens etal 2016 434 7.8 10 44.7 8.3 10 123% -1.30[-8.36,5.76]
Lahens etal 2018 0.2 173 24 f44 169 24 B.5% -4.20[-13.88 5.48]

Oliveira et al 2018 3B3 81 200 344 7.8 200 252%  1.90[3.03 6.33]
Wyitek et al 20149 116 &Y 15 4.8 549 14 300% 1.80[F2.72 637
Total (95% CI) 93 93 100.0% 1.57[-0.91, 4.04]

100 -50 0 50 100
Counter-clockwise Clockwise

Heterogeneity: Chi®= 2 83, df =4 (F=0459); F= 0%
Testfor overall effect £=1.24 (F=0.21)

Figure 14. Forest plot of comparison of insertion torque, of the BAFO (right) and counter-clockwise procedure (left).

The risk of bias measurement was conducted on all studies included for the meta-
analysis and summarized in Figure 15A,B, where a total of five studies on animals showed
a low risk of bias [66,68,70,74,75].

B Ethical Statement

Experimental Procedure

Experimental Animals Details
Random sequence generation (selection bias) -

Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias) |

Sample Size
Incomplete outcome data (attrition bias)

Statistical Analysis

Blinding of outcome assessment (detection bias)

Ethical Statement
Sample Size

Financial conflict of interests

w

Alifarag etal 2018

% 25% 50% 75%  100%

oT

« | @ | Random sequence generation (selection bias)

)

® O O @ | @ ~nocation concealment (selection bias)
v

T Y ' X

® O O ®| @ ncomplete outcome data (attrition bias)

Lahens etal 2016

I [l Low risk of bias [Junciearrisk of bias [l High risk of bias

Lahens etal 2018

-~
v

Oliveira etal 2018

® O ®| ®| ® |cwerimental Animals Details
® O | ® @ rinancial conflictofinterests

® O ® | ®| @ cwerimental Procedure
® O O O @ sttistical Analysis

Witek et al 2019

Figure 15. Risk of bias measurement: (A) summary of risk of bias for each included study (left) and (B) summary of each
risk of bias item presented as percentages across all included studies (right).

The included papers showed the same animal model design, experimental site and
defect, methods, and comparable measurements.

4. Discussion

The present review of the scientific literature has the purpose to study the validity
of the use of the technique of preparation of osseodensification as a useful technique for
implant surgery. The analyzed studies are contradictory; in some, there are solid results to
confirm this technique, supported by some statistically relevant values [60,64-66,68,71-73],
but other studies reported no data that show the scientific difference in relation to the
conventional technique [69-71]. The conventional osteotomy is considered a subtractive
surgery [54,74] because it removes autologous bone from the insertion site of the implant,
while the technique for the osseodensification compacts it and models in favor of the
implanted graft [64,75]. It is possible to notice that most part of the analyzed studies
confirms the osseodensification for what concerns the maintaining of the quality and
quantity of autologous bone, which will influence the result of the implant surgery in a
notable way [76] because it ensures the primary stability of the implant placed [62]. It
has been hard to compare the journals because they differ according to the method of
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study, used materials, subjects selected for the experimentation, indicators of assessment of
the results, follow-up, and other information. Nevertheless, this analysis has given us a
global vision of the results obtained by the osseodensification technique and its possible
use. In the literature, we can find sporadic case reports about osseodensification [77-79],
and also in these cases, there is evidence about the efficacy of this technique [77]; instead,
positive results have been observed in studies that compare the preparation technique
for osseodensification and the conventional technique of implant preparation in blocks
of polyurethane in several densities in which the innovating technique has been shown
advantages especially in areas where the obtaining of good primary stability would have
been harder [11]. Several alveolar preparation techniques have been described to increase
the interface of the implant with surrounding bone [80] in order to improve the primary
stability and the osseointegration outcomes. The interface implant-bone matters in terms
of primary stability, decreasing the chances of implant micromovements, which is one of
the main causes of implant loss [52,81-86], so the research on methods to enhance this
value shall be a priority in the foreseeable future. The osseodensification technique might
find application in various fields of surgeries, such as orthopedic surgery, where screw
failure remains a severe complication that needs to be overcome [81] with further studies
and trials. For the literature issued until now about the osseodensification, including
above all studies on animals, few cases, analyzed serially or individually, it is harder to
assess the efficacy of this technique about the real increase of primary stability. In the
present investigation, only the animal studies on sheep were considered for quantitative
analysis according to the similitudes of the study model design, methodological analysis,
and follow-up with a sufficient quantity of papers selected. The other human and animal
study models did not present the requirements for a meta-analysis evaluation. The non-
randomized human studies included seems to confirm the effectiveness of the technique
for implant osteotomy in poor bone density reported in animal models. Moreover, the
evidences of the present investigation highlighted a difference of efficiency of the two
counter-clockwise and clockwise protocol for osseodensification drills in terms of inser-
tion torque and BIC% after three weeks of healing in low-density bone. Clinically, the
counter-clockwise drilling technique is able to determine a significant increase of local
bone density with a simultaneous bone compaction and three-dimensional autografted
expansion [70,73,75] and to promote the primary stability occurring the dental implant
positioning [71,73]. In the literature, an insertion torque value of ~35 Ncm is considered a
fundamental clinical condition of optimal primary stability and the long-term predictability
of dental implant rehabilitation, that could be clinically affected by poor bone density
jaws anatomies, such as the posterior maxilla [82,83]. Moreover, no difference of bone
area fraction occupancy % (BAFO) were detected between the surgical drilling technique
after the healing period. We need in vivo studies on animals and humans with important
follow up in order to provide solid clinical recommendations. Several studies have proved
how osteotomes technique can be a valid solution to obtain an improvement in primary
stability while preserving bone tissue [59,60], and osseodensification has the same aims
with an innovative approach related to recent technologies. The analyzed papers in this
bibliographic review detect no conflict of interest [37,62,64—66,71,72] except for the authors
S. Huwais, as inventor of the drills Densah® and pioneer of the osseodensification [67,84],
P. Trisi, who used Cortex implants for his study, a company of which he is consultant [69],
and E.B. Slete and P. Olin, both with a minimal financial interest in the company Versah®,
LLC. [60].

5. Conclusions

Literature is lacking in papers concerning the osseodensification and limited to studies
on animals and clinical cases with short-term follow up, which do not allow us to perform
an objective assessment of the advantages of the technique treated; one of the causes is
surely the innovativeness of the drills for osseodensification, which still today are not
part of the standard implant clinical practice. This technique seems to be promising in
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the case in which the autologous bone is poor in quality (i.e., cases in which the missing
dental element lasted up to provoke the atrophy of the autologous bone of the patient,
or very hard areas for the implant primary stability by respecting of the noble anatomic
areas), as it “compacts” and “respects” the bone that is directly adjacent to the graft site
of the implant. If we consider the techniques with drills for osseodensification from a
practical point of view, we would notice the need for suitable training courses for the use
of these tools because they are an important part of the practice and need highly skilled
clinicians and certain confidence (in order to reach the effect of osseodensification, the drills
give a feeling of “hammering” on the surgical handle, which would make it complicated
to maintain the path of work designed in hands with poor experience). Further studies
would turn to the use of drills in cases in which a maxillary sinus lift would be necessary
because, due to their potential in considering the tissue that would face the necessity of
this operation, they can prove beneficial and the study of the efficacy of this technique in
this direction would result in very notable clinical advantages in the modern implantology
by detecting the cases in which this is the choice to make. Despite the results reached about
the osseodensification technique with specific drills are modest and “immature,” they need
to be read very carefully. The demand should increase together with the setting of new
studies on humans and animals in vivo with long-term follow-up to include the technique
of bone compaction in the implant everyday practice.
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