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Abstract: Background/Objective: To ensure that implants are able to support prosthetic rehabilitation,
a stable and functional union between the bone and the implant surface is crucial to its stability and
success. To increase bone volume and density and excel bone-implant contact, a novel drilling method,
called osseodensification (OD), was performed. To assess the effectiveness of the osseodensification
drilling protocol versus the conventional surgical technique on implant stability. Methods: Bone Level
Tapered Straumann implants were placed side-by-side with both OD and subtractive conventional
drilling (SD) in 90 patients from CESPU—Famalicao clinical unit. IT was measured using a manual
torque wrench, and the Implant stability quotient (ISQ) value was registered using the Osstell®
IDX. Results: According to the multifactorial ANOVA, there were statistically significant differences
in the mean IT values due to the arch only (F(1.270) = 4.702, p-value = 0.031 < 0.05). Regarding
the length of the implant, there were statistically significant differences in the mean IT in the OD
group (p = 0.041), with significantly lower mean IT values for the Regular implants compared to the
Long. With respect to the arch, the analyses of the overall ISQ values showed an upward trend in
both groups in the maxilla and mandible. High levels of IT also showed high ISQ values, which
represent good indicators of primary stability. Conclusions: OD does not have a negative influence
on osseointegration compared to conventional subtractive osteotomy.

Keywords: osseodensification; low bone density; implant stability; osseointegration; resonance
frequency analysis; insertion torque

1. Introduction

The placement of dental implants to restore the oral cavity has been incorporated
into daily dental practice as a dental treatment alternative since Branemark PI et al. [1]
revolutionized the total and partial rehabilitation of edentulous individuals. To ensure
that implants are able to support prosthetic rehabilitation, a stable and functional union
between the bone and the implant surface is crucial to its stability and success [2—4].

An established primary stability, which is characterized as sufficient contact between
the implant and bone at their interface upon instrumentation and subsequent implant place-
ment, is needed for successful osseointegration. Strong primary stability is therefore linked
to increased osseointegration [5,6]. In dental implants, primary stability is a crucial factor
for successful osseointegration, and the surgical procedure and bone density are important
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factors in achieving this stability. The dimensions of the osteotomy, the implant design, and
the amount of bone strain imposed determine the degree of primary stability [2-4,7,8].

Insertion torque (IT), resonance frequency analysis (RFA), and the patient’s bone
density are also related to the success of the implant’s primary stability. Thus, a high
insertion torque significantly increases primary stability compared to an implant inserted
with low insertion torque values [7]. As seen in the human jaw, for example, low-density
bone can lead to poor contact between the bone and the implant, which can negatively
affect primary stability and secondary stability. Thus, an adequate volume of bone in
the implant site preparation is crucial to ensure osseointegration and long-term implant
stability [2,9].

Secondary stability is also necessary for osseointegration, which is established over
time due to bone remodeling around the implant during the healing period [2,10].

In order to increase the bone volume and density, which are essential for achiev-
ing bio-mechanically stable bone-implant contact, Huwais S. introduced a novel drilling
method in 2013, called osseodensification (OD), which has revolutionized the world of
implantology [9]. Conventional drilling protocols have employed a clockwise (subtractive)
cutting technique with a positive angle of inclination, which has resulted in the absence
of bone debris in the osteotomy. However, the non-cutting (additive) drilling technique,
osseodensification, has been shown to compact the walls of the osteotomy site through
lateral displacement of the bone, increasing primary stability. Moreover, the compacting
of residual bone remains, which function as nucleating surfaces for osteoblasts after the
implant, acts as an autograft that promotes osteointegration [10,11]. Thus, OD promotes
an increase in peri-implant bone density, autologous bone compaction, plastic bone de-
formation, and an increase in the primary stability of the implant due to the viscoelastic
characteristics of the alveolar bone, using a specific set of Densah® Burs (Versah® LLC,
Jackson, MI, USA) in a counterclockwise direction at a speed of 800 to 1500 rpm [12,13].
This benefit can be crucial for decreasing implant micromovement during osseointegration
and achieving high success rates in low-density bone. Another advantage is the reduction
in the size of the osteotomies when the drills are removed, called the spring-back effect, due
to the viscoelastic part of the bone deformation. In addition, it promotes higher insertion
torques and, thus, enables immediate loading in comparison with conventional subtractive
drilling techniques [9]. For this purpose, insertion torque (IT) and resonance frequency
analyses were measured at three different times: (i) surgical phase of implant placement
(T1); (ii) 6 months after implant placement (T2); and (iii) 1-year follow-up (T3).

2. Materials and Methods
2.1. Study Design

This study was designed as a clinical trial study according to CONSORT guide-
lines [14]. The interventions were approved by the Ethical Committee of the of the
University Institute of Health Sciences (reference: 02/CE-IUCS/2019), and conducted
in compliance with the provisions of the declaration of Helsinki. The study was registered
in the ISRCTN registry (registration number ISRCTN15797074).

2.2. Patient Selection

All patients underwent a preliminary assessment that included a careful analysis
of their medical and dental histories and a detailed clinical examination. Patients were
thoroughly informed, by means of oral and written explanations, about the purpose and
procedures of the study, and informed consent was obtained from all participants.

For inclusion, participants must be at least eighteen years old, have healed edentulous
sites on the posterior maxillae region with at least 3 months of postextraction period;
need to receive at least two dental implants; and have sufficient residual bone volume for
implant placement without the need for bone augmentation where the minimum ridge
height and width should be >8 and >6 mm, respectively. The exclusion criteria were:
alcoholism, drug abuse, diabetes, heart disease, bleeding disorders, weakened immune
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systems, radiation exposure, past or ongoing use of steroids or bisphosphonates, and
previous bone regenerative or augmentation procedures.

From 6 February to 10 March 2019, 120 patients from the CESPU—Famalicao clinical
unit were screened from this patient pool, 90 of whom met the study’s inclusion criteria
and were selected to participate.

In order to perform a comparison between osseodensification (OD) and subtractive
conventional drilling (SD), the implants were placed side by side or contralateral, with
both techniques to establish a comparison in RFA and torque values. In some patients, two
implants were placed, but in other patients, they had between 3 and 4 implants.

Two independent examiners (J.EP/M.L.C) were used to demonstrate intra- and inter-
examiner reliability, measurements of the clinical parameters of implant primary stability
were repeated in 50% of the sample.

2.3. Pre-Operative Radiographic Planning

The pre-operative radiographic examination: panoramic X-ray (and a cone beam
computed tomography (CBCT, New Tom® Go 3D, CEFLA S.C., Imola (BO) Italy) were
used for initial participants screening. CBCT was crucial in order to provide a guide for
assessing the condition of the Schneiderian membrane, ostium patency, presence of antral
septa, and other pathologies that may influence the alveolar bone and the degree of sinus
pneumatization and thickness of Schneiderian membrane.

2.4. Presurgical Phase

All patients underwent scaling 8 days prior to implant surgery. During this phase,
preoperative instructions were given:

- To eat a light diet, avoiding fatty, fried, laxative and fermentable foods (milk, cheese,
bananas) on the day of surgery.

- Not to wear jewelry or make-up, in the case of women.

- Avoid smoking in the 72 h before and 30 days after surgery, to avoid anesthetic and
surgical complications, as well as contributing to better tissue healing.

- Not to take medication based on acetylsalicylic acid (aspirin) in the 4 days before surgery.

- Start antibiotic therapy 48 h before surgery (875 mg of amoxicillin and 125 mg of
clavulanic acid) twice daily for 8 days.

2.5. Surgical Phase
2.5.1. Implant Design and Surface Characteristics

Bone Level Tapered (BLT) Straumann® implants (Basel, Switzerland) with a CrossFit®
connection (Basel, Switzerland) 3.3.mm diameter (Narrow connection—NC) or 4.1/4.8 mm
diameter (Regular connection—RC) were used. These implants feature a tapered, self-
cutting design with a 0.8 mm thread pitch, and are designed for excellent primary stability.
BLT implants are available in lengths of short (8 mm), Regular (10 mm, 12 mm, 14 mm) and
Long (16 mm, 18 mm). The implant surface SLA® (Basel, Switzerland), Sandblasted, large
grit, acid-etched is a type of surface treatment that creates surface roughness with the goal
of enhancing osseointegration through greater bone-to-implant contact (BIC).

2.5.2. Conventional Protocol

Patients were prepared and long-acting local anesthesia was administered (4% arti-
caine with 1:100.000 adrenaline).

A mid crestal incision was made and a full thickness mucoperiosteal flap was raised.
The anterior region of the edentulous area was prepared using subtractive conventional
drilling, according to the Straumann guidelines of RPM values. Independent of the type of
implant diameter selected for the site (J 3.3 mm, 4.1 mm or 4.8 mm), the narrower drill
(pilot drill @ 2.2 mm, 800 rpm) was used until reached the desired depth under abundant
saline irrigation. All drills were used in clockwise rotation. The drilling sequence is shown
in Tables 1-3. After using the drill sequence, the BLT implant delivered in the implant bed.
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Table 1. Conventional drilling sequence for & 3.3 mm BLT implant.

Straumann® BLT Drilling Sequence
Needle Drill Pilot Drill BLT Drill Profile Drill BLT Tap
Geometry  Implant Diameter ~ Type of Bone J 1.6 mm 922 mm J 2.8 mm 3.3 mm 9 3.3 mm
(800 rpm) (800 rpm) (600 rpm) (300 rpm) (15 rpm)
Typel ° . ) . **
Type II *
Tapered @33 mm ybe * * * *

Type III . . o
Type IV . o

e Performing the osteotomy; e * Osteotomy and implant placement.

Table 2. Conventional drilling sequence for & 4.1 mm BLT implant.

Straumann® BLT Drilling Sequence
Needle Drill Pilot Drill BLT Drill BLT Drill Profile Drill BLT Tap
Geometry Implant Diameter  Type of Bone 9 1.6 mm 2.2 mm 9 2.8 mm 9 3.5 mm 9 4.1 mm 4.1 mm
(800 rpm) (800 rpm) (600 rpm) (500 rpm) (300 rpm) (15 rpm)
Typel . ° ° . . o*
Type II *
Tapered @ 4.1 mm ype ° * ° ° °
Type III ) . . ot
Type IV . . . o

e Performing the osteotomy; e * Osteotomy and implant placement.

Table 3. Conventional drilling sequence for (J 4.8 mm BLT implant.

Straumann® BLT Drilling Sequence
Imolant Needle  PpilotDrill  BLTDrill  BLTDrll  BLTDrll  'oon®  BLTTap
Geometry P Type of Bone @ 22mm 9 2.8 mm 9 3.5 mm 9 4.2 mm O 4.8 mm
Diameter OL6mMM (00 rpm)  (600rpm)  (500rpm) @00 rpm) O ABMM g5
(800 rpm) P P P P (300 rpm) P
Typel . . . . . ° o*
T II *
Tapered 3 4.8 mm ype ° ° ° ° ° °
Type 11 . ° . . N
Type IV . . . o*

o Performing the osteotomy; e * Osteotomy and implant placement.

2.5.3. Osseodensification Protocol

The posterior region of the edentulous area was prepared using the osseodensification
procedure to test what has already been described in the literature, which is that this
technique is especially used in situations of low-density bone (type III/IV) (which is
typically found in the posterior region of the maxilla/mandible) in order to increase bone
volume, percentage of bone to implant contact and, subsequentially, the primary stability
of the implant.

Drilling was carried out to the desired depth using the pilot drill (clockwise drilling
speed from 800 to 1500 rpm) with abundant saline irrigation. Depending on the implant
diameter selected (@ 3.3,4.1 or 4.8 mm), the narrower Densah® Bur (Bur 1 for each implant
diameter- Table 4) was used in a counterclockwise direction (800 to 1500 rpm) with a
pumping motion until reaching the desired depth under abundant irrigation. All drills
were used in counterclockwise rotation. The drilling sequence is shown in Table 4.
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Table 4. Drilling sequence of Densah® Burs.
Straumann® Soft Bone (Type III and IV)
Geometry Implant Diameter Pilot Bur1 Bur 2 Bur 3
@33 mm Pilotdrill  VT1828*(2.3) — —
Tapered J4.1 mm Pilot drill VT1525 (2.0) VT2535 * (3.0) —

J 4.8 mm Pilot drill VT1525 (2.0) VT2535 (3.0) VT3545 * (4.0)

* Implant placement.

After using the drill sequence, the osteotomy received a threaded Sandblast large grit
acid-etched (SLA) implant. In some cases, we finished placing the implant with a ratchet
wrench, when the drill motor that drives the implant into place has reached the maximum
placement torque.

Figure 1 shows the final drill used for each group (SD and OD) and implant diameters
(D33 mm, J 4.1 mm, J 4.8 mm).

& 3.3mm 4. 1mm

Figure 1. The configuration of the final drill used for each group (SD and OD). (a) VT1828;
(b) @ 2.8 BLT Drill; (c) VT2535; (d) @ 3.5 BLT Drill; (e) VT3545; (f) & 4.2 BLT Drill.

2.5.4. Evaluation of Implant Stability Parameters

Immediately after implant placement, the IT was measured (T1) using a manual torque
wrench (Straumann®, Basel, Switzerland), and the Implant stability quotient (ISQ) value
was registered as the average of the buccal, lingual, mesial and distal readings using the
Osstell® IDX (Osstell, W&H, Gothenburg, Sweden). IT and ISQ values were measured in
all implants placed with the SD and OD technique.

A cover screw was placed in all implants.

Afterwards, the surgical site was closed with several interrupted sutures using a
monofilament suture (Nylon, Resorba® 4.0, Nuremberg, Germany).

Figure 2 illustrates OD osteotomies.
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Figure 2. A visual representation of the surgery. (a) The initial case; (b) full thickness mucoperiosteal
flap; (c) osteotomies; (d) implant placement (& 4.1 mm BLT); (e) a view of the cover screws; (f) the
interrupted sutures using a monofilament suture (Nylon, Resorba®4.0); (g) SmartPeg placement for
ISQ reading; (h) tapered implant design; (i) Densah Bur kit.
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2.6. Postoperative Instructions

Postoperative instructions were given of some important actions to avoid increased
edema (swelling), pain, bleeding and infections:

- Tolie down for the first three days after surgery to stabilize the blood clot, as this is a
critical period for a good post-operative result without complications.

- To continue the antibiotic therapy and to take Naproxen (500 mg) twice daily for a
3 day period.

- Paracetamol 1 g 3 times a day for pain control management.

- To use 0.12% chlorhexidine gluconate mouthwash (Bexident® Post Isdin, Barcelona,
Spain) thrice daily for two weeks to reduce plaque formation.

- To apply ice to their faces in the first 6 to 8 h after surgery in order to significantly
reduce facial edema, while also improving pain control and reducing local vascular-
ization, thus preventing bleeding.

- To prepare a liquid/pasty and cold diet for 8 days.

- Tobite on a piece of sterile gauze for 30 min to promote hemostasis.

- Not to spit, which could cause negative pressure in the mouth and dislodge the clot.
Drinking liquids through straws is also contraindicated.

- Avoid vigorous mouthwashes.

- Not to smoke during the entire osseointegration process (especially during the first
two weeks). Nicotine destroys vitamin C, which is essential for tissue regeneration,
delaying the repair of the surgical wound.

- To refrain from physical activity or heavy lifting for three days after surgery.

After the post-operative indications were made, the patients were scheduled to have
the sutures removed ten days after surgery.

2.7. Healing Abutment—6 Months

After six months of healing, the survival of the implants was verified, and the sec-
ondary stability was measured though ISQ values (T2), and an appropriate healing abut-
ment was inserted considering the emergence profile and gingival height. Subsequently,
the patients were scheduled for digital implant impressions with the 3Shape® scanner
(Copenhagen, Denmark), and final ceramic crowns were manufactured.

2.8. One Year Follow-Up

Removal of screw-retained zirconia crowns and ISQ values were recorded (T3) using
the Osstell® IDX.

2.9. Statistical Analysis

Descriptive statistics were calculated for each variable, including mean values and the
corresponding 95% confidence interval (CI). The quantitative variables were assessed for
normality using the Kolmogorov-Smirnov test and Normal probability graphical methods
(QQ-plot), and the fit to the normal distribution was verified. The homogeneity of variances
was assessed using Levene's test.

The factorial ANOVA model test and multiple comparison tests were carried out to
compare torque/torque values. Repeated measures analysis of variance and the respective
Tukey tests for multiple comparisons were used to analyze the ISQ data. Pearson’s correla-
tion test was applied to investigate the relationship between IT and immediate ISQ values
for all the variables studied.

All analyses were carried out using IBM® Statistical Program for Social Sciences
(SPSS®) Statistics software, version 29.0 for Windows, with a significance level of 5%.

3. Results

Of the 120 patients screened at the CESPU—Famalicao clinical unit, only 90 met the
study’s inclusion criteria and were selected to participate.



J. Clin. Med. 2024, 13,2912 8 of 21

Figure 3 illustrates the design of the study in the form of a CONSORT diagram.

Flow Diagram

[ Enrollment ] Subjects assessed for eligibility
Excluded (n=30)
- Not meeting inclusion criteria (n = 20)
— - Declined to participate (n = 5)
- Other reasons (n = 5)

Subjects Randomized (n = 90)
Female (n = 55)
Male (n = 35)

Number of osteotomies (n = 278)

l : l
[ Atocation |
{ ocation )
Allocated to intervention with Subtractive conventional Allocated to intervention with Osseodensification (OD)
drilling (SD) (n = 160) (n=118)
-Received allocated intervention (n = 160) -Received allocated intervention (n = 118)
-Did not receive allocated intervention (n = 0) -Did not receive allocated intervention (n = 0)
l ( Follow-Up W l
L J

Lost to follow-up (n=0) Lost to follow-up (n=0)

Discontinued intervention (n = 0) Discontinued intervention (n = 0)

I =

Analysed (n = 158) Analysed (n=115)

-Excluded from analysis (The wide-diameter implants -Excluded from analysis (The wide-diameter implants
were excluded due to insuficiente sample size for the were excluded due to insuficiente sample size for the
statistical analvsis. ) (n = 2) statistical analysis.) (n = 3)

Figure 3. CONSORT flow chart.

As shown in Table 5, the total sample consists of 90 individuals, 55 of whom are female

(61.1%) and the remaining 35 male (38.9%). The limits of the 95% confidence intervals are
also shown.

Table 5. Distribution of members by gender.

CI95.0%
Gender n % LCL UCL
F 55 61.1% 50.8% 70.7%
M 35 38.9% 29.3% 49.2%
Total 90 100.0%

Note: F—female; M—male; n—number of subjects and percentages; LCL—Lower Control Limit; UCL—Upper
Control Limit.
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Table 6 shows the data characterizing the sample in terms of age by gender and overall.

Table 6. Summary statistics for age by gender.

Gender
F M Total
Mean 47.7 50.3 48.7
Median 49.0 48.0 485
Standard deviation 12.7 11.2 12.1
Age Minimum 19.0 20.0 19.0
Maximum 72.0 69.0 72.0
Percentile 25 37.0 44.0 42.0
Percentile 75 56.0 59.0 57.0

Note: F—female; M—male.
Table 7 shows the results of the characterization of the sample in terms of the charac-
teristics of the individuals assessed, as well as the respective limits (Lower Control Limit

(LCL) and Upper Control Limit (UCL)) of the 95% confidence intervals (CI).

Table 7. Summary statistics for the individual’s characteristics.

CI 95.0%

" * LCL UCL

N 74 82.2% 73.4% 89.0%

Smoker Y 16 17.8% 11.0% 26.6%
Total 90 100.0%

N 71 78.9% 69.6% 86.3%

Systemic Disease Y 19 21.1% 13.7% 30.4%
Total 90 100.0%

4 1 6.3% 0.7% 25.7%

5 1 6.3% 0.7% 25.7%

6 1 6.3% 0.7% 25.7%

Number of cigarettes/day 10 5 31.3% 13.1% 55.6%

15 2 12.5% 2.7% 34.4%

20 6 37.5% 17.4% 61.7%
Total 16 100.0%

Note: N—no; n—number of subjects and percentages; LCL—Lower Control Limit; UCL—Upper Control Limit;
Y—yes.

Table 8 shows the sample characterization data regarding the implant for each surgical
technique and as a whole.

To assess whether there are differences in IT, a multifactorial ANOVA was carried out,
and it was found that there are statistically significant differences in the mean IT values
due to the arch only (F(1.270) = 4.702, p-value = 0.031 < 0.05).

The results can be seen in the graphs in Figure 4.
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Table 8. Implant-related characterization.

Surgical Techniques

SD oD Total
CI 95.0% CI 95.0% CI 95.0%
n % LCL UCL n % LCL UCL n % LCL UCL
for % for % for % for % for % for %
Narrow 26 16.3% 11.2% 22.5% 25 21.2% 14.6% 29.2% 51 18.3% 14.1% 23.2%
Implant diameter Regular 132 82.4% 76.1% 87.8% 90 76.3% 68.0% 83.2% 222 79.9% 74.8% 84.2%
(mm) Wide 2 1.3% 0.3% 3.9% 3 2.5% 0.7% 6.6% 5 1.8% 0.7% 3.9%
Total 160 100% . . 118 100.0% . . 278 100.0% . .
8 33 20.6% 14.9% 27.4% 30 25.4% 18.2% 33.8% 63 22.7% 18.0% 27.8%
10 65 40.6% 33.2% 48.3% 51 43.2% 34.5% 52.2% 116 41.7% 36.0% 47.6%
Implant leneth 12 37 23.1% 17.1% 30.1% 25 21.2% 14.6% 29.2% 62 22.3% 17.7% 27.5%
p g 14 9 5.6% 2.8% 10.0% 7 5.9% 2.7% 11.3% 16 5.8% 3.5% 9.0%
(mm) 16 7 4.4% 2.0% 8.4% 3 2.5% 0.7% 6.6% 10 3.6% 1.9% 6.3%
18 9 5.6% 2.8% 10.0% 2 1.7% 0.4% 5.3% 11 4.0% 2.1% 6.7%
Total 160 100.0% . . 118 100.0% . . 278 100.0%
Maxilla 78 48.8% 41.1% 56.5% 86 72.9% 64.4% 80.3% 164 59.0% 53.1% 64.7%
Arch Mandible 82 51.3% 43.5% 58.9% 32 27.1% 19.7% 35.6% 114 41.0% 35.3% 46.9%
Total 160 100.0% . . 118 100.0% . . 278 100.0% . .
11 1 0.6% 0.1% 2.9% 0 0.0% . . 1 0.4% 0.0% 1.7%
12 3 1.9% 0.5% 4.9% 2 1.7% 0.4% 5.3% 5 1.8% 0.7% 3.9%
13 4 2.5% 0.8% 5.8% 2 1.7% 0.4% 5.3% 6 2.2% 0.9% 4.4%
14 15 9.4% 5.6% 14.6% 6 5.1% 2.1% 10.2% 21 7.6% 4.9% 11.1%
15 15 9.4% 5.6% 14.6% 13 11.0% 6.3% 17.6% 28 10.1% 6.9% 14.0%
16 9 5.6% 2.8% 10.0% 14 11.9% 7.0% 18.6% 23 8.3% 5.5% 11.9%
17 3 1.9% 0.5% 4.9% 3 2.5% 0.7% 6.6% 6 2.2% 0.9% 4.4%
21 0 0.0% . . 1 0.8% 0.1% 3.9% 1 0.4% 0.0% 1.7%
22 5 3.1% 1.2% 6.7% 2 1.7% 0.4% 5.3% 7 2.5% 1.1% 4.9%
23 2 1.3% 0.3% 3.9% 2 1.7% 0.4% 5.3% 4 1.4% 0.5% 3.4%
24 5 3.1% 1.2% 6.7% 12 10.2% 5.7% 16.6% 17 6.1% 3.7% 9.4%
Position 25 11 6.9% 3.7% 11.6% 11 9.3% 5.1% 15.6% 22 7.9% 5.2% 11.5%
26 5 3.1% 1.2% 6.7% 13 11.0% 6.3% 17.6% 18 6.5% 4.0% 9.8%
27 0 0.0% . . 5 4.2% 1.6% 9.0% 5 1.8% 0.7% 3.9%
32 1 0.6% 0.1% 2.9% 2 1.7% 0.4% 5.3% 3 1.1% 0.3% 2.9%
34 6 3.8% 1.6% 7.6% 1 0.8% 0.1% 3.9% 7 2.5% 1.1% 4.9%
35 3 1.9% 0.5% 4.9% 2 1.7% 0.4% 5.3% 5 1.8% 0.7% 3.9%
36 22 13.8% 9.1% 19.7% 4 3.4% 1.2% 7.9% 26 9.4% 6.3% 13.2%
37 8 5.0% 2.4% 9.2% 3 2.5% 0.7% 6.6% 11 4.0% 2.1% 6.7%
42 3 1.9% 0.5% 4.9% 0 0.0% . . 3 1.1% 0.3% 2.9%
44 5 3.1% 1.2% 6.7% 2 1.7% 0.4% 5.3% 7 2.5% 1.1% 4.9%
45 7 4.4% 2.0% 8.4% 7 5.9% 2.7% 11.3% 14 5.0% 2.9% 8.1%
46 17 10.6% 6.6% 16.1% 9 7.6% 3.8% 13.5% 26 9.4% 6.3% 13.2%
47 10 6.3% 3.3% 10.8% 2 1.7% 0.4% 5.3% 12 4.3% 2.4% 7.2%
Total 160 100.0% . . 118 100.0% . . 278 100.0% . .
Anterior 19 11.9% 7.6% 17.6% 11 9.3% 5.1% 15.6% 30 10.8% 7.6% 14.8%
Operated Posterior 141 88.1% 82.4% 92.4% 107 90.7% 84.4% 94.9% 248 89.2% 85.2% 92.4%
Area Total 160 100.0% . . 118 100.0% . 278 100.0% .

Note: n—number of implants and percentages; LCL—Lower Control Limit; OD—osseodensification; SD—
subtractive conventional drilling; UCL—Upper Control Limit.
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2 s S 5
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:
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5 = o IS
9 O s Js
2 B
a 40 g
40
35 -
sSD oD sD oD

Surgical Techniques Surgical Technigues

Figure 4. 95% CI insertion torque in relation to surgical technique as a function of arch (maxilla and
mandible) and area operated on (anterior and posterior).
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Another multifactorial ANOVA procedure was carried out, and statistically sig-
nificant differences were found in mean IT values due to the effects of implant length
(F(2.261) = 3.243, p-value = 0.041 < 0.05), and due to the effects of the interaction between
technique used and implant diameter (F(1.261) = 4.538, p-value = 0.041 < 0.05), in the sense
that the mean IT value with the SD technique for the Narrow implant is significantly lower
when compared to the Regular.

The multiple comparison tests showed that the differences in the mean IT values
with length are significantly lower for the Regular implants when compared to the Long
implants (p = 0.011 < 0.05).

These results are illustrated in the graphs in Figure 5.

e Implant
Implant length
diameter (mm)

(mm) Shart

Narrow &0 T Regular
I Regular I Long

(=
[&]
(&]
95% Cl Insertion Torque (IT)
S E—
(=]
[&]
[2]

D oD sD oD
Surgical Techniques Surgical Techniques
Figure 5. 95% CI insertion torque in relation to surgical technique as a function of implant diameter
(Narrow and Regular) and implant length (Short, Regular, Long).
To evaluate the effect of the different factors (surgical technique, arch and area operated)
in relation to ISQ over time, a repeated measures ANOVA (three times) was performed.
These results are illustrated in the graphs in Figures 6 and 7.
7
1 A
ya
IsQT1  IsQT2  IsQT3 IsQT1  IsQT2  IsQT3 IsQT1  IsQT2  IsQT3 IsQT1 IsQT2  IsQT3
sD oD sD oD
Maxilla Mandible

Figure 6. 95% CI implant stability quotient in relation to surgical technique (SD and OD) at three
different times (T1, T2 AND T3) in relation to arch (maxilla and mandible).
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Figure 7. 95% CI implant stability quotient in relation to surgical technique (SD and OD) at three
different times (T1, T2 AND T3) in relation to area operated (anterior and posterior).

Once the assumption of sphericity was tested using the Mauchly test (p-value < 0.05),
the sphericity of the data was rejected. As the value of the epsilon estimate was less
than 0.75, the Greenhouse—Geisser correction was used to interpret the results for intra-
subject effects.

In this way, it was found that there are statistically significant differences in the
average ISQ values in the different periods considered, i.e., there is significant variation
in the average ISQ value over time, in the sense that it increases significantly over time
(Figure 8). Statistically significant differences by multiple comparison tests (p < 0.05) were
detected between all pairs (T1-T2, T1-T3 and T2-T3).

8

75 T

73

70

Estimated Marginal Means

68

65

ISQT1 1SQT2

Error bars: 95% Cl

ISQT3

Figure 8. Distribution of mean ISQ values over time and respective 95% confidence intervals.

There were significant differences in the mean ISQ values due to the interaction of
time and arch (F(1.438; 388.165) = 6.620, p-value < 0.05), which means that the means of the
groups (maxilla and mandible) vary differently over the three times considered (T1, T2 and
T3), i.e., the mean ISQ over time is not the same for the arches considered. This is reflected
in the non-parallel lines in the graph in Figure 9.
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Figure 9. Distribution of mean ISQ values over time according to arch and respective 95% confi-
dence intervals.

There were significant differences in the average ISQ values due to the interaction
of time, arch and area (F(1.438; 388.165) = 4.553, p-value < 0.05), which means that the
averages of the groups (maxilla and mandible) vary differently depending on the area of
operation (posterior or anterior) in the three times considered, i.e., the average ISQ over
time is not the same for the arch and area of operation considered. This is illustrated by the
different behavior of the graphs in Figure 10.

Area operated = Anterior Area operated = Posterior
Arch a5 Arch

Maxilla Maxilla
—— Mandible —— Mandible

Estimated Marginal Means

ISQT1

15QT2 1SQT3 ISQT1 ISQT2 1SQT3

Error bars: 95% CI Error bars: 95% CI

Figure 10. Distribution of mean ISQ values over time according to arch and area with respective 95%
confidence intervals.

As in the previous situation, to evaluate the effect of the different factors (surgical
technique, diameter, and length) in relation to the ISQ over time, an ANOVA with repeated
measures (three times) was carried out.

Once the assumption of sphericity was tested using the Mauchly test (p-value < 0.05),
the sphericity of the data was rejected. As the value of the epsilon estimate is less than
0.75, the Greenhouse-Geisser correction will be used to interpret the results for intra-
subject effects.

As with the previous results, there were statistically significant differences in the
mean ISQ values in the different periods considered; statistically significant differences by
multiple comparison tests (p < 0.05) were detected between all pairs (T1-T2, T1-T3 and
T2-T3).
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There were no significant differences in the average ISQ values due to the interaction
of time and technique used (F(1.438; 375.336) = 0.163, p-value > 0.05), meaning that the ISQ
averages over time in the groups (SD and OD) did not vary. This is reflected in the almost
overlapping lines in the graph in Figure 11.

as Surgical
Techniques
sD
— 0D
80
(]
c
[ T
LY
= 75
©
=
k=)
©
= 7
o
[
©
E
E )
60
ISQ T 1SQT2 ISQT3

Error bars: 95% CI

Figure 11. Distribution of mean ISQ values over time according to surgical procedure and respective
95% confidence intervals.

No significant differences were found in the average ISQ values due to the interaction
of time and technique used (F(1.438; 375.336) = 0.685, p-value > 0.05), meaning that the ISQ
averages over time in the diameters considered (Narrow and Regular) do not vary. This is
reflected in the almost overlapping lines in the graph in Figure 12.
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Error bars: 956% CI
Figure 12. Distribution of mean ISQ values over time according to implant diameter and respective

95% confidence intervals.

There were no significant differences in the average ISQ values due to the interaction
of time and technique used (F(2.876; 375.336) = 1.014, p-value > 0.05), meaning that the ISQ
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averages over time in the lengths considered (Short, Regular, and Long) do not vary. This
is reflected in the lines and confidence limits, which are practically superimposed on the
graph in Figures 13 and 14.

Implant
-1 length
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ISQ T 1SQT2 ISQT3
Error bars: 95% CI

Figure 13. Distribution of mean ISQ values over time according to implant length and respective 95%
confidence intervals.
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Figure 14. 95% CI Implant stability quotient in relation to surgical technique (SD and OD) at three
different times (T1, T2 and T3) in relation to implant length (Short, Regular, and Long).

Table 9 shows the correlation beteen th IT and ISQ T1 values and the variables un-
der study.
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Table 9. Pearson correlation between the IT and ISQ T1 values and the variables under study.

Maxilla
ISQT1

Mandible
ISQT1

Anterior Posterior Narrow Regular Wide ISQ Short ISQ Regular Long ISQ

ISQ T1 ISQT1 ISQT1 ISQ T1 T1 T1 ISQT1 T1 SDISQT1 ODISQT1 Total ISQ

Maxilla IT

r=0.192*

p=0014

Mandible IT

r=0315*
<0001

Anterior IT

r=-0003
p=0.988

Posterior IT

r=0326*
p <0.001

Narrow IT

r=0.195
p=0171

Regular IT

r=0242%
p<0.001

Wide IT

r=0903*
p=0036

Short IT

r=0413*
p<0.001

Regular IT

r=0310*
p <0.001

Long IT

r=0.058
p=0734

SDIT

r=0290*
p <0.001

ODIT

r=0221*
p=0016

Total IT

r=0263*
<0001

Note: ISQ T1l—implant stability quotient in the surgical phase of implant placement; IT—insertion torque;
OD—ossedensification; p = level of significance; SD—subtractive conventional drilling. * significant for the 5%
decision rule used.

4. Discussion

Osseointegration and primary implant stability are objectives of critical importance
because their impediments often lead to implant failure [15]. Implant primary stability is a
crucial component of osseointegration, and is correlated with bone density, surgical drilling
technique, implant surface texture, and geometry [4,16,17]. Besides primary stability, it
is important for the implant to obtain secondary stability, which is achieved after bone
production and maturation on the implant body [16]. For this reason, the application of
tests to assess the primary and secondary stability of the implant has become extremely
important in implant dentistry. These tests include determining the insertion torque (IT)
and resonance frequency analysis (RFA) [17].

Previous studies focused on the analysis of OD effects on implant placement, the
present study evaluated the OD drilling effects on healing in three different stages T1, T2
and T3 with different diameters and lengths placed in anterior and posterior regions of the
maxilla and in the mandible. To assess the implant stability, insertion torque measurements
and resonance frequency analysis were carried out.

The IT, initially developed by Johansson and Strid, is applied with a torque wrench,
and is the measure of the frictional resistance obtained at the time of implant place-
ment [17,18]. The maximum value of the insertion torque was recorded in Newton centime-
ter (Ncm) [16,18].

In 1996, Meredith et al. [19] developed a noninvasive clinical method to measure
implant stability as RFA by using an Osstell® device that can be used for multiple times
both intraoperatively and during the follow-up time [19]. The resonance frequencies vary
according to the different levels of implant stability, which is presented through an implant
stability quotient (ISQ). To measure de ISQ value, the inserted implant is attached to a
transducer (SmartPeg). The Osstell® device is positioned 1 mm from the transducer and
four SmartPeg points are measured (mesial, distal, buccal, and lingual/palatal). The ISQ
value range from 1 to100. A value of ISQ < 60 represents low stability, >60 ISQ < 69
represents medium stability and ISQ > 70 high stability [16,18]. According to our results,
there was a progressive increase in IT and ISQ over time, regardless of the technique
used, SD or OD. These two independent variables indicate two different characteristics
of primary stability; however, they “move” together [20,21]. These results are in line with
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the findings of our study, in which, overall, the higher the IT, the higher the ISQ. Another
study conducted by Vale de Souza et al. [16] showed that there is a positive correlation
between IT and initial ISQ (correlation: 0.457; p = 0.022), so that the greater the IT, the
greater the initial ISQ (and vice versa). Therefore, increased IT and ISQ values are positive
primary stability indicators, which can be critical for immediate loading and subsequently
improving osseointegration.

According to previous studies, the use of the OD drilling technique increases bone
mineral density due to the compaction-autografting and the elastic spring-back effect, which
promotes increased bone to implant contact in relation to SD technique [11,22,23]. On the
other hand, the conventional drilling technique limits the initial bone-implant interaction
due to the excavation of nucleated bone remnants, the amount of which can vary due to
factors such as drilling speed, time and the use of irrigation in the osteotomy [15]. Buchter
et al. [24] argues that the osteotome technique hinders the bone remodeling unit, causing
ultrastructural microdamage, which can significantly reduce biomechanical stability shortly
after implant placement [25]. Several studies showed that the osteotomized group exhibited
microfractures, which was evident histologically, and the measured removal torque values
were significantly lower for the same group compared to the non-condensed group. Thus, it
has been concluded that traumatic damage to the bone delays the achievement of secondary
stability and extends the osseointegration period to repair bone tissue microdamage, which
stimulates the activation of osteoclasts [26].

The results of our study showed that there were no statistical differences between OD
and SD groups in which concerns the IT and ISQ overall values, which supports the null
hypothesis that the drilling technique may not influence clinical parameters of implant
primary stability up to 6 months after implant placement. Although most of the studies
carried out support the opposite hypothesis, it is important to consider that most of them
were carried out on animals. For this reason, more human studies are needed in order to
make the comparison of results as reliable as possible.

With respect to the arch, the analyses of the overall ISQ values showed an upward
trend in both groups in the maxilla and mandible. According to the evidence, higher ISQ
values are expected in the mandible compared to the maxilla, which is in line with our
results. However, there were no statistical differences among OD and SD groups, especially
between T1 and T2. This can be explained by the increased bone to implant contact that
occurs during the osseointegration [15].

Despite the results obtained, in general, we can state that although IT and ISQ are two
independent variables, high levels of IT also showed high ISQ values, which represents
good indicators of primary stability.

In accordance with the literature, the primary stability of the implant can be signifi-
cantly influenced by the macrogeometry of the implant. Some studies showed that hybrid
(apical cylindrical and crestal conical) and conical designs provided the greatest primary
stability [27,28]. The growing popularity of tapered implants can be attributed to their
simplicity of use in clinical settings, shorter drilling sequences, and the possibility of shorter
healing times and less trauma during the osteotomy. The lateral compressive forces on
the cortical bone may be a significant reason for their increased primary stability [29,30].
Studies conducted on animals suggested that a larger diameter were positively correlated
with greater primary stability [31,32]. Thus, a larger implant diameter improves load
distribution by increasing primary stability and functional surface area. Nonetheless, a
large number of studies have demonstrated that, in lower-quality bone, implants with
smaller diameters can still establish adequate primary stability [32]. Our findings are in
accordance with this theory, in which statistically significant differences were seen between
the mean IT value and the SD technique in relation to regular implants, which showed
significantly higher values when compared to Narrow implants (p = 0.034). The average
ISQ values did not vary, but always increased over time regardless of the technique used;
this could be explained by the percentage of new bone formation over time.
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An increase in IT and RFA (ISQ) values were also favorably correlated with implant
length. It is well known that the use of a long, tilted implant is a method of improving the
IT before immediate load rehabilitation [28]. In fact, it is directly correlated with the overall
surface area in contact with the bone [28,29]. The results of the present study showed
statistically significant differences in the mean IT values due to the length of the implant in
the OD group (p = 0.041) with significantly lower mean IT values for the Regular implants
compared to the Long. Regarding the ISQ, there were no differences in relation to the
length of the implants considered, regardless of the technique used.

Some studies indicate that the availability of cortical and trabecular bone at the
implant interface may affect the biomechanical stability of the implant and the bone
healing response [4,28]. For this reason, it is important to understand the particularities,
characteristics, and differences and anatomy of the maxilla and mandible. According
to the Lekholm and Zarb (1985) classification (the most popular classification of bone
quality), bone types are classified based on the amount of cortical versus trabecular bone
from I to IV [33-35]. The biomechanical properties of osteoporotic bone are similar to
those of type IV bone, and do not provide appropriate stability for implants. Another
important aspect is bone density according to anatomical location which is characterized
by the Norton and Gamble classification. Norton and Gamble described different bone
density range according to their typical anatomical locations in the maxilla and mandible.
All of the subjectively rated areas in each of the four qualities were subsequently grouped
together so that a range of Houndsfield (HU) values could be assigned to each specific
quality [36]. Low-density bone (type III and type IV), commonly seen in the posterior
mandible, especially in elderly patients, represents a high percentage of those seeking
implant treatment.

The results of the present study showed that there were statistical differences in
relation to the arch and the type of osteotomy with respect to IT. IT and ISQ were higher in
the mandible than in the maxilla for both the SD and OD techniques. These results are in
line with the study by Turkyilmaz et al. [37], which found a strong relationship between
bone density and ISQ values.

With regard to area, in general, the anterior region showed higher IT values compared
to the posterior area for both techniques. These results can be explained by the bone density
in the anterior region compared to the posterior region of the arch. However, in terms of
technique, the anterior region of the OD group showed higher IT values compared to the
SD. These results are in compliance with the study by Bergamo et.al. [23], with 150 implants,
in which the anterior region showed increased IT in the OD group when compared to the
SD group.

Although this was not the aim of the present study, in clinical practice, achieving
high levels of biomechanical stability has become more necessary to support the current
tendency toward early loading protocols. In a study by Trisi et al. [38], immediate loading
can be performed when IT value is at least 45 Ncm and ISQ at least 68. Thus, according to
the results, rehabilitation with immediate loading was a possible option for implants with
an ISQ > 68, which can be especially useful for the posterior maxillary region, which has
low-density bone that makes immediate loading protocols difficult.

A larger sample of wide implants would be necessary in order to understand whether
there was a change in primary stability parameters between osseodensification and sub-
tractive conventional drilling. Furthermore, more human studies are needed, especially
on low-density bone (type III and IV), so that the results can be compared as reliably as
possible. Most studies on this technique have been carried out on animals and not humans,
which makes it difficult to compare the results.
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5. Conclusions

The results strongly indicate that OD does not have a negative influence on osseointe-
gration compared to conventional subtractive osteotomy. Furthermore, the tapered implant
design may compensate for the low stability expected in soft bone, and dense bone may
compensate for short implant length if required by the anatomical bone conditions.

Osseodensification appears to be a viable method for increasing bone quantity and
quality, but the literature’s results are inconclusive and should be read thoughtfully.
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