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Abstract

Purpose

One of the commonest treatment options for replacing missing teeth is a root-form implant. Clinically, the
key mechanical factor in achieving success is primary stability. This ex vivo study aims to evaluate whether
osseodensification method will achieve good primary stability or the conventional drilling protocol.

Methods

Fresh iliac bone of the sheep was selected similar to D3 and D4 bone densities. A total of 22 osteotomy sites
were prepared in the bone sample, of which 11 were prepared by osseodensification method (test group) and
other 11 by conventional undersized drilling (control group). Primary stability was measured using insertion
torque (IT), resonance frequency analysis (RFA), and reverse torque values (RTVs) by measuring implant
stability quotient (ISQ). The recorded data were statistically analyzed using Statistical Package for the Social
Sciences (SPSS) Version 22.0. The differences between groups were compared using the Mann-Whitney U
test and independent t-test. The Pearson correlation coefficient test was performed to measure the linear
relationship between two variables. The statistical significance level was established at p<0.05.

Results

When the correlation among IT, RTV, and ISQ was measured, a statistically significant correlation between
IT and RTV (p=0.001) and between IT and ISQ (p=0.0001) was observed. A statistically significant (p=0.014)
correlation between RTV and ISQ was also found.

Conclusion

Osteotomy prepared by osseodensification method showed higher IT, RTV, and ISQ values than the
conventional undersized group.

Categories: Dentistry, Geriatrics
Keywords: resonance frequency analysis, primary stability, osseodensification, insertion torque, implant stability
quotient, implant stability

Introduction

One of the effective therapeutic choices for the rehabilitation of partial or total edentulism has been
demonstrated to be endosseous dental implants. The osseointegration process, which provides stability and
long-term survival, is what leads to success. Implant stability is one of the requirements for clinical success.
The two types of implant stability are biological stability (secondary stability), which results from
osseointegration, and mechanical stability (primary stability [PS]) between the implant and bone [1]. The
density of bone, surgical technique, implant thread design, and geometry are the main elements in
enhancing implant PS [2-4]. The mechanical interaction between the exterior surface of the implant and the
walls of the osteotomy site provides PS. Insertion torque (IT), a measurement of the implant's rotational
friction and a wholly mechanical factor regarded by the clinician as a reliable predictor of PS, is one
approach to assess PS [5]. The implant PS and host bone density have a direct impact on the peak IT. When
compared to implants implanted with low IT values, high IT might dramatically enhance the initial bone-to-
implant contact (BIC) percentage [6].

To strengthen the initial stability of an implant placed in the osteotomy, many procedures have been
introduced and put into operation in regions with poor bone density and insufficient bone volume. Alveolar
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ridge expansion and/or ridge splitting procedures, which call for a succession of osteotomes, chisels, or
screw-type expanders to expand or divide the osteotomy site, are used to control edentulous ridges with
insufficient breadth. Bone drilling surgery is the most frequent osteotomy preparation. The conventional
drilling procedure (CDP) employs drills with positive rake angles that remove bone deposits from the
prepared osteotomy site in a clockwise orientation. To overcome the potential limitations of CDP,
osseodensification (OD) - a novel additive drilling protocol in the counter-clockwise direction for the
osteotomy preparation - was introduced by Salah Huwais in 2013 [7,8].

The concept behind this technique is to compress the cancellous bone around the revolving drills, which
largely improves the situations with low bone volume by physically increasing the interlocking between the
bone and the implant surface. Additionally, it helps the edentulous area's osteoblast nucleation. The
Densah® (Versah, Jackson, MI, USA) bur, a customized bur with a negative rake angle that enhances bone
density while generating the least amount of heat, is used to perform osteotomies. It is distinguished by its
minimal plastic deformation of soft bone caused by rolling and sliding contact at the osteotomy. It is a bone
non-extraction method that promotes bone densification while offering benefits of speed and tactile drill
control during osteotomy. Traditional drills remove the bone, and osteotomies cause microfractures in the
trabeculae that need time to heal; this results in delayed secondary implant stability. On the other hand,
Densah bur condensing by compaction autografting facilitates bone preservation. This procedure improves
implant PS and enhances bone density around the implant. This process improves the implant's
biomechanical stability. These burs may be rotated either clockwise in the non-cutting direction to densify
bone or clockwise in the cut direction to cut bone [7].

The OD also has drawbacks. In areas of thick or corticated bone, such as the anterior mandibular region, this
procedure must be utilized with caution. The temperature has been seen to rise when using the drills, which
might lead to osteoblast necrosis. Consequently, extensive irrigation should be used before an osteotomy

[9]-

Due to viscoelastic deformation during the OD operation, the spring-back phenomena (bone compaction) is
seen. The residual strain in the bone generates compressive pressures against the implant in this method to
boost BIC and PS, which also stimulates osteogenic activity. Higher reverse torque, which is a sign of
excellent PS, is caused by the reverse compression given to the implant surface. Utilizing the pilot drill first,
followed by the narrowest Densah bur, make the osteotomy 1 mm deeper than the ultimate implant length.
Later, the drill motor is switched to operate in the other direction (counterclockwise) at a speed of 800-1,500
rpm while being heavily watered. By doing this, the bur enters the osteotomy site in a direction that causes
densification. The Densah bur is advanced into the osteotomy until it reaches the desired depth. Next, the
bur is allowed to stay in the osteotomy, while the drill motor is set to the reverse densifying mode to densify
and to autograft the bone into the osteotomy wall [7,10].

The amount of data on OD are still somewhat limited. Therefore, studies are needed to compare the PS of
implants put in soft bone utilizing densifying burs and smaller CDP. The current study aimed to compare the
PS and reverse torque values (RTVs) obtained by conventional undersized osteotomy preparation and OD
osteotomy preparation using Densah burs in soft bone, as well as to assess the effectiveness of OD technique
in low-density bone for achieving good PS.

Materials And Methods

This ex vivo study was designed using fresh iliac bone of the sheep (Ovis aries) obtained from a local butcher
similar to D3 and D4 bone densities that was tested by the tactile sensitivity of experienced implantologists.
To expose the bone surface and prepare the bone samples, the soft tissue attachments were removed. On the
iliac bone, 22 osteotomy sites were prepared, of which 11 were done by standard undersized drilling (control
group) and 11 using the OD methodology (test group) (Figure ).
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FIGURE 1: Bone model with implants

All of the osteotomies in the control group were performed using the ADIN implant surgery kit (Alon Tavor,
Galilee, Israel) and the manufacturer's suggested drilling sequence in order to receive dental implants
measuring 4.2 mm x 10 mm (diameter x height) (Touareg™ S, Adin, Galilee, Israel). The last drill was not
utilized in accordance with the soft bone undersized drilling technique. On the test group, all the 11
osteotomies were performed utilizing universal Densah surgical kit and standard Densah burs in accordance
with the OD procedure for softer bone. Similar-sized implants were utilized. Drilling was done to a depth of
10mm using 2mm pilot drill with 1500rpm in a clockwise direction, followed by a second drill with Densah®
bur VT1828 of 2.3mm in a counter-clockwise (CCW) direction at 1,500rpm and then the third drill with
Densah bur VT2838 of 3.3mm in a CCW direction of similar rpm.

IT, resonance frequency analysis (RFA), and RTVs were used to assess PS. The peak value, measured in
Newton centimeter (Ncm), was checked after the implant was placed using the manual ratchet (Figure 2).
Osstell SmartPegs Type 49 specific to Adin implant system (Osstell AB, Gothenburg, Sweden) were placed
onto the implant, and implant stability quotient (ISQ) values were recorded with the Osstell ISQ device
(Osstell AB) to measure RFA (Figure 3). ISQ values were measured at four sites - mesial, distal, buccal, and
lingual positions - and average values were recorded for each implant. Lastly, RTV were recorded by
unwinding the implant in a CCW direction, and values were recorded manually by using the torque
wrench/gauge for each implant placed. Values thus obtained were tabulated for both control and test groups.
The data were recorded, and statistical analysis was carried out using Statistical Package for the Social
Sciences (SPSS) Version 22.0 Software (IBM Corp., Armonk, NY, USA). The Mann-Whitney U test was used to
compare the differences between two groups, independent t-test was used to compare the means between
two groups, and Pearson correlation coefficient test was used to measure the strength of the linear
relationship between two variables. The statistical significance level was established at p<0.05.
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wrench

FIGURE 3: Recording resonance frequency analysis with the Osstell
device

Results

In this present study, comparison and evaluation of PS of implants placed by two different drilling methods
were recorded using IT, ISQ, and RTVs.
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When IT was compared between the control group and the test group, the mean IT for the control group was

34.0909 Ncm and that for the test group was 47.7273 Ncm, showing high IT by OD procedure. There was
statistically significant difference (P=0.0004) between the test and control groups (Table ).

Group Mean N Std. Deviation Median Minimum Maximum Z-value P-value
Control group 34.0909 11 2.02260 35.0000 30.00 35.00

-3.888 0.0004
Test group 47.7273 11 5.64076 50.0000 35.00 55.00

TABLE 1: Comparison of insertion torque between the control group and the test group

When ISQ was compared between the control group and the test group, the mean ISQ value for the control
group was 51.7727 and that for the test group was 62.8182. OD protocol showed higher ISQ values than the
control group. There was statistically significant difference (P=0.0003) between the test and control groups

(Table 2).
Group Mean N Std. Deviation Median Minimum Maximum Z-value P-value
Control group 51.7727 11 4.84440 51.0000 43.00 58.00
-6.453 0.0003
Test group 62.8182 11 2.96034 63.0000 58.00 67.00

TABLE 2: Comparison of implant stability quotient between the control group and the test group

When RTVs were compared between the control group and test group, it was found that mean RTV was more
in the test group (31.8182) than in the control group (18.6364). There was a statistically significant
(p=0.0006) difference between the groups measured for reverse torque (Table 3).

Group Mean N Std. Deviation Median Minimum Maximum Z-value P-value
Control group 18.6364 11 5.95437 20.0000 10.00 30.00

-4.443 0.0006
Test group 31.8182 11 7.83349 30.0000 15.00 45.00

TABLE 3: Comparison of reverse torque values between the control group and the test group

Table 4 shows the correlation between IT, RTV, and ISQ. There was a moderate positive correlation between
IT and RTV, which was statistically significant (p=0.001), a high positive correlation between IT and ISQ,
which was highly statistically significant (p=0.0001), and a moderate positive correlation between RTV and
ISQ, which was statistically significant (p=0.014).
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Insertion Torque Reverse Torque Value Implant Stability Quotient
Pearson correlation 1 0.641 0.706
Insertion torque
Sig. (two-tailed) - 0.001 0.0001
Pearson correlation 0.641 1 0.514
Reverse torque value
Sig. (two-tailed) 0.001 - 0.014
Pearson correlation 0.706 0.514 1
Implant stability quotient
Sig. (two-tailed) 0.0001 0.014 -

TABLE 4: Correlation among insertion torque, reverse torque value, and implant stability quotient

Discussion

In dentistry, implants have emerged as a viable procedure for replacing lost teeth. Constraints relating to the
patient and those specific to the treatment are necessary for dental implant surgery to be effective. One of
the most crucial elements in predicting implant success is proper treatment planning, which is based on the
host characteristics, surgical considerations, and radiographic imaging modalities [11,12]. Direct BIC at the
microscopic level and the quality and quantity of the histologic structure at the bone-implant interface,
which significantly indicates better bone density, are two often mentioned variables impacting
osseointegration. These are regarded as necessary conditions for implant loading and sustained clinical
success. Therefore, it is crucial to maintain bone vitality and bone mass throughout the preparation of an
osteotomy to ensure effective osseointegration [13,14].

In 1985, Lekholm and Zarb classified bone qualities into type I, type II, type III, and type IV. Based on
microscopic cortical and trabecular bone features, Misch defined four categories of bone density as D1, D2,
D3, and D4 in 1988 [11,15]. D3 and D4 bone types require longer healing time due to poor bone density and
less BIC, but D1 and D2 bone types require less healing time and can be loaded right away. IT of more than
25 Ncm is thought to be necessary for a successful implant. However, in the event of an instantaneous
loading, an IT of at least 32 Ncm is needed, with the possibility of an increase to 45 Ncm in regions with
comparatively poor bone density. Higher PS that promotes contact osteogenesis may be easily attained in
denser bone. However, PS is frequently challenging to attain in low-density bone. Early instability has
several negative impacts, including distant osteogenesis, a protracted healing process, and a lower success
rate. Due to insufficient bone volume surrounding the implant surface in such bone quality, it is challenging
to achieve optimal PS for initial loading operations attaining higher than 35 N cm. This might lead to an
early implant failure rate. In order to overcome the implant failure rate and to increase the success rate,
modifications must be made in the implant design, drilling protocol, and implant bed preparation [16].
Undersized drilling, bicortical fixation, stepwise osteotomy, osteotome procedure, and OD utilizing
densifying burs are a few methods to enhance the osteotomy site. Dr. Robert Summers' osteotome method
aimed to compress the bone mechanically along the osteotomy walls with cylinder-shaped steel tools. As a
result of the bone compaction caused by this procedure, the residual bone will be preserved as much as
possible. Since the drill slices and removes the bone tissue from the osteotomy, conventional drilling is
regarded as a subtractive operation. As bone is removed from the implantation bed, this has a significant
impact on the main stability of the implant [5]. As a bone-conserving method, OD - a relatively recent
approach to promote osteotomy site densification - has been presented. The use of the Densah burs in this
operation permits bone preservation, bone condensation by compaction, and autografting during osteotomy
preparation, increasing bone density in the peri-implant region and enhancing the mechanical stability of
an implant. It takes more than 12 weeks to completely repair the bone at the osteotomy site using standard
drilling [8,17]. In the current study, OD was performed, which helps in preserving the bone bulk and
increases the density, thereby shortening the healing period. Similar to our study, Tian et al., compared the
osseointegration of endosteal implants placed in atrophic mandibular alveolar ridges with alveolar ridge
expansion surgical protocol. They showed OD drilling had better osseointegration than the control group
[18]. Markovic et al. compared the primary and secondary stability of implants placed by bone condensing
versus standard drilling and showed bone-condensing technique to be a good procedure to be followed to
achieve greater implant stability in the posterior maxilla [19].

In the current study, we did conventional undersizing of the osteotomy site, since it is the most routinely
used drilling protocol in preparing the osteotomy. Similarly, Alghamdi et al. evaluated the success rate of
implants placed by using undersized implant site preparation in poor density bone [20].

In the present ex vivo study, the PS was investigated using sheep’s iliac crest model, which was in
accordance with the other studies. When Oliveira et al. tested whether OD method affected IPS in sheep's
iliac crest, they discovered that it rose by approximately 60% in comparison to standard drilling [21]. Lahens
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et al. looked into how OD affected the early osseointegration and initial stability of conical and parallel-
walled endosteal implants in low-density bone using a sheep hip model [14]. The iliac crest bone of sheep,
which primarily consists of porous trabecular bone with a thin cortical layer, was the subject of studies by
Jimbo et al. and Galli et al., who examined the role of the undersized drilling technique in low-density bone.
This model is therefore ideally suited to assess the bone healing responses in low-density bone [22,23].

In the present study, conventional undersized drilling and OD protocol was performed. Similar to our study,
Slete et al. histomorphometrically compared osteotomy preparation through standard drilling, Summer’s
osteotomes, and OD. The OD method produced 50% or more BIC percentage than with the other methods
[24].

There are different methods to assess implant PS. They can be grouped as invasive/destructive methods and
non-invasive/non-destructive methods. IT is a measure of the rotational friction of the implant, perceived by
the clinician as a good estimator for PS. RFA is based on the resonance frequency of implant-bone complex
at the time of implant placement. This method is expensive and technique sensitive. Therefore, in the
current study, we measured the PS by IT, RFA, and RTV [11,25].

In the present study, OD group showed higher IT values compared with conventional undersized drilling
group. The results were in agreement with other studies [8,26,27].

In the present study, OD showed higher ISQ values than the control group. The results were in accordance
with the study by Degidi et al. They compared the effect of three drilling protocols of implant placement in
bovine bone. The mean peak IT and VTW showed statistically significant improvement with the 10%
undersized protocol, and increase in ISQ values [28].

In the present study, the OD group showed higher RTV than conventional undersized drilling group. The
results were in agreement with those of Trisi et al., wherein the effect of OD on Cortex® implants installed
over the sheep iliac crest showed high RT values for the OD protocol [10].

In the present study, there was a moderate positive correlation between IT and RT, which was statistically
significant (p<0.05), a high positive correlation between IT and ISQ, which was highly significant (p<0.01),
and a moderate positive correlation between RT and ISQ, which was statistically significant (p<0.01).
Barbera-Millan et al. compared the PS of implants with OD vs underdrilling based on implant IT and RFA
measurements and found IT and RFA values to be significantly higher in the OD group [29].

In the present study, IT and RFA showed a highly significant correlation. Similar to our study results,
Turkyilmaz et al. showed a strong correlation between bone density, IT, and RFA values at implant placed in
the posterior maxilla [30].

The present study also showed higher IT, RTV, and RFA values in the OD group than conventional drilling
group. Caceres et al. showed higher IT, RTV, and ISQ values on low-density bone by OD Densah protocol
compared to standard drilling for BioHorizons® implants [31].

Limitations

The limitations of the present study include the small sample size. In addition, bone density evaluation with
CBCT technique would have been a better measure, and IT and RTVs were recorded manually.

Conclusions

To achieve good osseointegration in low-density bone, a newer technique of drilling, OD, would be of greater
help. The results in the present study demonstrated higher IT, reverse torque, and ISQ values with OD
protocol than conventional undersized protocol. Further investigations with increased sample size and more
in vivo studies are needed to validate the clinical advantage of the OD technique, which, if proven, can serve
as an efficient, accessible, and affordable technique that can fasten and improve the quality of
osseointegration with endosseous dental implants even in compromised bone conditions.

Additional Information
Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
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protocol number GPRDCH/IEC/2016/029. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
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