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Ab s t r Ac t
Background: Dental implants have become a popular alternative in the oral and maxillofacial rehabilitation after the introduction of the concept 
of osseointegration. A poor density bone can negatively influence the bone to implant contact (BIC) and delay osseointegration. Various 
osteotomy techniques and drilling procedures have been used to increase stability in low-density bone. But they have been associated with 
limitations such as trauma to the surrounding bone and difficulty in controlling the technique. Osseodensification has recently been developed. 
Densifying burs are specifically designed burs which help in preserving the bone by condensing the bone by rotating in the noncutting direction.
Materials and methods: Split-mouth study was conducted on a total of 10 patients wherein implants were placed in the same patient bilaterally 
in maxillary posterior region where the left maxillary posterior region received implants through sequential osteotomy technique and the right 
maxillary posterior region received implants through a series of new multifluted tapered burs (Densah™). A cone-beam computed tomography 
(CBCT) was taken preoperatively, immediately after implant placement, and 3 and 6 months after implant placement. The bone density and 
crestal bone levels were measured. Results were analyzed by student’s paired “t” test and Man-Whitney U test.
Results: There is no statistical difference between the levels of the crestal bone between an osseodensified site as compared to a conventional 
osteotomy site. The width of the residual bone increases after osseodensification and remains in the increased dimension for 3 months and 
continues at 6 months. Thus, it can be concluded that osseodensification leads to bone expansion.
Conclusion: The radiographic bone density adjacent to the implant is significantly increased after ossedensification and the bone there remains 
relatively dense over a period of 6 months aiding in a primary stability and eventual good osseointegration.
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In t r o d u c t I o n
Dental implants have become a popular alternative in the oral and 
maxillofacial rehabilitation after the introduction of the concept 
of osseointegration. The volume and quality of the bone present 
at the site are important factors determining the type of surgical 
procedure and the type of the implant, and they are related to the 
success of dental implant surgery.1 Maxilla and mandible present 
a wide variation in respect to the bone density and the type of 
bone present in different regions. A poor density bone, such as 
in the maxillary posterior region, can negatively influence the 
bone to implant contact and delay osseointegration.2,3 A regular 
sequential osteotomy removes a considerable amount of bone to 
make the preparation enough to receive an implant with decided 
diameter. This may be deleterious in a condition where the bone is 
soft or the density of the bone is poor such as in maxillary posterior 
region. Therefore, a new osteotomy preparation technique, 
osseodensification, has recently been developed.4,5 Densifying 
burs are specifically designed to preserve the bone. Instead 
of rotating clockwise, they rather rotate anticlockwise which 
compacts and autografts the bone within the socket itself thereby 
reducing the amount of the bone lost. This autografting of the 
bone also helps to increase the density of the bone by condensing 
the bone by rotating in the noncutting direction. This improves 
the quality and quantity of the bone around the implants in the 
areas such as maxillary posterior region where the bone is soft.6,7 
A study was done by Sultana et al. in the anterior maxilla where 
traditional and OD drilling were compared. They found that there 
were higher levels of primary stability in the OD drilling site.8 There 

is no study comparing the OD and conventional drilling in the 
same patient. Hence this split-mouth study was done with an aim 
to compare the osseodensification technique and conventional 
drilling technique in maxillary posterior regions. Hence, this study 
included assessing the effects of these osteotomy techniques on 
maxillary posterior region as this region has softer bone, and thus 
densifying the area during placement might lead to improved 
prognosis.

MAt e r I A l s A n d Me t h o d s
The study was conducted on subjects visiting outpatient 
Department of Prosthodontics and Crown and Bridge and 
Department of Oral Implantology. Approval from Institutional 
Ethical committee was obtained. Informed consent was obtained 
from each subject. 
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Inclusion Criteria
All patients requiring tooth replacement in the posterior maxillary 
region bilaterally with bone height in the range of 11–16 mm and 
bone width of 4.5–5.5 mm.

Exclusion Criteria
All patients with diabetes mellitus, hypertension, any soft or hard 
tissue pathology, parafunctional oral habits such as bruxism, 
smoking, and limited mouth opening will be excluded.

Sample Size Estimation
n = 2 (Zα + Zβ)2 * S2

where Zα = 1.96 at 95% confidence level and 
Zβ = 0.84 at 80% power
S = combined standard deviation
d = mean difference

With 95% confidence level and 80% power, sample size comes 
to to be a minimum of 10 in each group3

d = 49.58–46.19 = 3.39, s = 2.8

Thus 10 samples of each group were taken for implant placement 
and analysis:

 Group I: with osseodensification in the left maxillary posterior 
region
 Group II: with conventional drilling in the right side of the
maxillary posterior region

Study Design
Split-mouth study
At initial visit, screening and examination of patients based on the 
criteria planned for implant placement bilaterally for a split-mouth 
study.

Session 2:  Preoperative radiographic examination 
(orthopantomogram) and CBCT and diagnostic impression for 
fabrication of thermoplastic stent.

Session 3: Bilateral implant placement (group I and group II) 
and CBCT assessment for crestal bone levels and bone density.

Session 4: Three-month postimplant placement, CBCT 
assessment for bone density, and crestal bone levels.

Preoperative investigation
Orthopantomogram was used to analyze the native bone in the 
edentulous area. Blood investigations were conducted to ensure 
normal levels are attained.

Surgical Protocol
Surgery commenced after the administration of prophylactic 
antibiotic regimen (Misch’s Protocol). Two edentulous sites were 
selected at random for the desired treatment plan. The implants 
were placed in both the sites in a single appointment. Patient 
was prepared and long-acting local anesthesia was administered 
(2% lidocaine with 1:80,000 adrenaline). A mid crestal incision 
was given and a full-thickness mucoperiosteal flap was elevated. 
One site was prepared using osseodensification procedure (Fig. 1) 
where the implant site was prepared through osseous extraction 
drilling technique by anticlockwise rotation of the burs, and the 
contralateral site was prepared using conventional drilling. Both 
sites received threaded SLA implants. The surgical site was closed 
and patient was advised to use chlorhexidine gluconate mouthwash 
thrice daily for two weeks to reduce plaque formation.

A small field of view CBCT scans of the area of concern 
preoperatively were taken, immediately after placement and 
at 3  months postoperatively and 6  months postoperatively. 
Radiographically the changes in bone density and crestal bone levels 
at region around first two threads and last two threads of the implant 
were assessed at different time intervals for left and right sides.

It was evidenced that the bone density had increased during 
immediate postoperative CBCT; this further prompted the use of 
3 months CBCT to evaluate the density after the healing period. 
This further warranted the use of CBCT post loading to analyze if 
the bone changes after being subjected to axial loads.

The bone density and crestal bone levels were measured 
using PLANMECA ROMEXIS® software. The measuring tool in the 
software where crestal bone levels were analyzed by the levels of 
the bone at the crest of the bone (first and second threads) and 
at the apical thirds (last two threads). A horizontal line was drawn 
on the most apical part of the implant. A vertical line was drawn 
from that point till the first bone contact on each buccal, lingual, 
mesial, and distal side from that vertical line horizontal lines were 
drawn to analyze the level of bone at the first tow threads and 
last two threads (Fig. 2).

Statistical analysis was done using student’s paired “t” test and 
Man-Whitney U test.

re s u lts

Comparison of Crestal Bone Levels—Height at 
Different Time Intervals
Crestal bone levels of height were measured at different time 
intervals in both left and right sides. The mean crestal bone levels 

Figs 1A and B: Osseodensification with versah
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height of left at pre-level was found to be 14.867 and that of post 
level it reduces to 13.971 and again it decreased to 13.345 at the 
3 months follow-up. Similarly at right side also the mean value at 
pre-level was 14.412 which is comparatively less with that of left 
side. Here at post level the value decreased to 13.81 and again to 
13.411 at 3 months follow-up. But in both left and right sides the 
decrease from pre till the follow-up was not found to be statistically 
significant which was seen as p >0.05 (Table 1).

Comparison of Crestal Bone Levels—Width at 
Different Time Intervals
Even the crestal bone levels width were not showing any significant 
difference at different time intervals either in the left or right 
side. The mean value of the width of left at pre-level was 8.401 
and reduced to 8.199 at post-op level. It further reduced to 7.86 
at 3-month follow-up. But the difference of this mean reduction 
among this three time intervals was not statistically significant 
(p = 0.133). But on the right side the mean width at pre-level was 
8.664 and increased to 9.189 at post-op level. But again it reduced to 
mean of 8.963 at 3 months follow-up but still it showed the increase 
from the pre-level. Here also the difference among the time interval 
was not showing statistical significant (p = 0.124) (Table 2).

Comparison of Radiographic Bone Density (in HU)—
First Two Threads at Different Time Intervals
Radiographic bone density (in HU) for first two threads was 
estimated at left and right sides at different time intervals. Here 
we could clearly see that the mean radiographic bone density in 

first two threads was significantly different in right side and not 
significant in left side. The mean bone density at pre-level in left 
side was 472.60 and increased to 501.50 at post-op and again 
decreased to 449.80 at 3-month follow-up. But the difference 
in their mean value is not statistically significant (p = 0.234). But 
on the other hand, on right side, the mean density was 463.40 at 
pre-level and increased to 746.50 at post-op and decreased at 
3 months follow-up having mean of 649.700. This comparison of 
mean score at different time interval was found to be statistically 
significant (p <0.001) (Table 3).

Comparison of Radiographic Bone Density (in HU)—
First Two Threads—Intercomparison 
On the left side, there was no statistical significance we could see 
with the overall comparison at different time levels. Hence there 
was no significant at intercomparison also. But on the right side, 
the mean bone density from pre- to post-op was increased to 283.1 
and was found to be statistically significant by applying the test 
for repeated measures Bonferroni t-test. The increase from pre- to 
3-month follow-up was also 186.3 and found to be statistically 
significant (p = 0.085) (Table 3A).

Comparison of Radiographic Bone Density (in HU)—
Last Two Threads at Different Time Intervals
The mean values of radiographic bone density of last two threads 
were also compared for right and left side for different time 
intervals. At left side the mean radiographic bone density for last 
two threads was 461.50 at pre-level and increased to 504.30 at 
post-op level. But during the 3-month follow-up the mean value 
decreased to 445.10. But the difference at these time intervals was 
not significant (p = 0.129). At right side the mean difference from 
pre- to post-op is very large and the mean value increased to 780.20 

Fig. 2: CBCT section showing bone contours and density drill

Table 1: Comparison of crestal bone levels—height at different time 
intervals

Left Right

Mean 
Standard 
deviation Mean 

Standard  
deviation

Pre-op 14.867 2.047 14.412 2.007
Post-op 13.971 2.255 13.810 1.919
3 months 
follow-up

13.345 2.057 13.411 1.901

F 1.3 0.673
p 0.289 0.519

Table 2: Comparison of crestal bone levels—width at different time 
intervals

Left Right

Mean 
Standard 
deviation Mean 

Standard 
deviation

Pre-op 8.401 0.709 8.664 0.502
Post-op 8.199 0.545 9.189 0.551
3 months 
follow-up

7.860 0.481 8.963 0.605

F 2.172 2.256
p 0.133 0.124

Table 3: Comparison of radiographic bone density (in HU)—first two 
threads at different time intervals

Left Right

Mean 
Standard 
deviation Mean 

Standard 
deviation

Pre-op 472.60 79.626 463.40 64.845
Post-op 501.50 61.009 746.50 96.444
3 months 
follow-up

449.80 55.541 649.70 91.493

F 1.532 23.766 
p 0.234 <0.001***

***Very highly significant
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from the pre value of 494.00. Then at 3 months follow-up the value 
decreased to 703.50. And this difference was found to be statistically 
significant (p <0.001) (Table 4).

Comparison of Radiographic Bone Density (in HU)—
Last Two Threads—Intercomparison
Intercomparison among the time interval was done by Bonferroni 
t test. At left side there was no difference among the post-op and 
follow-up from pre value and hence even intercomparison between 
these timings was not significant. But at right side there was an 
increase of 286.5 from pre- to post-op and 209.5 from pre- to 
3 months follow-up. Both differences were found to be statistically 
significant (p <0.01) whereas the difference from post-op to 
3-month follow-up was not significant (p = 0.085) with the mean 
difference of 76.7 (Table 4A).

Comparison of Crestal Bone Levels Height between 
the Sides
While comparing the crestal bone levels height between right and 
left sides in all the three time intervals, it was found to be statistically 
insignificant. Here pre values of both left and right sides are 14.817 

and 14.412, respectively. Similarly post-op the difference was only 
0.161 between the two sides and not significant. Even at 3-month 
follow-up the mean crestal bone level height was 13.345 and that of 
right side was 13.411, and this difference of 0.066 was not statistically 
significant (Table 5).

Comparison of Crestal Bone Levels Width between the 
Sides
Comparison of crestal bone levels width at pre-level between 
right and left side was not significant. The mean pre value of left 
was 8.401 and that of right was 8.664, and this difference was not 
found to be significant by using students unpaired t test (p = 0.351). 
But after the post-op there was decrease in the mean value at left 
side, but at right side, there was increase in the mean value and this 
difference between right and left sides was found to be very highly 
significant (p <0.001) (Table 6).

Comparison of Radiographic Bone Density (in HU)—
First Two Threads between the Sides
Radiographic bone density at first two threads was found to be 
significantly different between right and left sides at post-op and 
3 months follow-up level. At pre-level there was not much difference 
between the mean value at left and right sides. At post-op the mean 
bone density was 501.5 at the left side and 746.5 at the right side, 
and while comparing the difference between these two sides, it 
was found that there was statistically significant difference between 
these two sides (p <0.001) (Table 7).

Comparison of Radiographic Bone Density (in HU)—
Last Two Threads between the Sides
Radiographic bone density at last two threads was compared 
between the right and left sides, respectively, at pre-, post-op, and 
3 months follow-up. At pre-level there was not much difference 
between the mean values (p = 0.327). But at post-op the increase 
from pre is more in right side than left side. The mean bone density 
at left side was 504.3 whereas on right side it was 780.2, and this 
difference was found to be statistically significant (p <0.001). 
Similarly at 3  months follow-up the mean bone density again 
reduced to 445.1 at left side and 703.5 at right side. Again the mean 
difference between right and left sides was showing very highly 
significant (Table 8).

dI s c u s s I o n
Implant primary stability comes out as one of the most essential 
prerequisites for gainful osseointegration.5 There have been 
numerous techniques tested in the past to step up the implant 
primary stability in a bone with low density. Some of the studies 
demonstrated use of under preparation of the implant bed,9 stepped 
osteotomy for the implant bed,10 and the use of condensers and 
osteotomes.11 These techniques have shown substantial amount 
of success, but they also had their own shortcomings. According to 
Lekholm and Zarb, a poor density bone, that is (D3–D4 type), is usually 
seen in the maxillary posterior regions. Due to the available bone 
having low density, the implant placed has the primary stability which 
is generally below the acceptable minimum values. This resultant is 
implants having low success rates which are placed in these sites.12

A new technique was introduced by Huwais in 2015, which 
was termed as osseodensification where specially designed bone 
osteotomy drills (Densah™ burs) were used.13 Osseodensification 
condenses the bone using anticlockwise rotations. As it also provides 

Table 3A: Comparison of radiographic bone density (in HU)—first two 
threads—intercomparison

Difference from
Mean  

difference p
Left Pre Post-op −28.9 1.000

3-month follow-up 22.8 1.000
Post-op 3-month follow-up 51.70 0.276

Right Pre Post-op −283.1   <0.001***

3-month follow-up −186.3   <0.000***

Post-op 3-month follow-up 96.80 0.085
***Very highly significant

Table 4: Comparison of radiographic bone density (in HU)—last two 
threads at different time intervals

Left Right

Mean 
Standard 
deviation Mean 

Standard  
deviation

Pre-op 461.50 77.885 494.0 65.901
Post-op 504.30 60.318 780.20 47.109
3 months 
follow-up

445.10 54.378 703.50 65.680

F 2.214 60.539 
p 0.129 <0.001***

***Very highly significant

Table 4A: Comparison of radiographic bone density (in HU)—last two 
threads—intercomparison

Difference from Mean difference p
Left Pre-op Post-op −42.80 0.457

3-month follow-up 16.40 1.000
Post-op 3-month follow-up 42.80 0.457

Right Pre-op Post-op −286.20  <0.001***

3-month follow-up −209.50  <0.000***

Post-op 3-month follow-up 76.70 0.085
***Very highly significant
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the tactile control with less traumatic compaction as opposed to an 
ostetome and mallet, the risk of causing microfractures is reduced.14 
These specially designed osteotomy drills has four or more lands 
which had a negative rake angle thus making the edges of these drills 
noncutting, and hence, a smoothly compact bone was generated. 
These osteotomy drills had a tapered shank along with a cutting 
chisel edge. They could hence engage deeper into the osteotomy 
site, at the same time by progressively increasing diameter of the 
osteotomy drill facilitated in gradual expansion of the bone at the 
surgical site. When used in a clockwise rotation direction (Cutting 
mode), the drills could be used to drill into the bone till adequate 
depth of the osteotomy was achieved.15 Following this mode of 
the osteotomy site preparation, the rotation was then changed to 
counterclockwise direction (densifying mode), which caused the 
formation of a dense as well as strong and layer of the bone tissue 
along the lateral walls and the base of the osteotomy site. This 
technique also led to burnishing of the bone along the innermost 
layer of the prepared osteotomy site through controlled deformation 
of the bone surface.16 Hence the eventual purpose of this procedure 
was to create a well condensed layer of bone which was autografted 
along the peripheral lateral walls and apical portion of the implant. In 
turn, this enhanced and increased the insertion torque values due to 
the increase in bone-implant contact, eventually, leading to a good 
implant primary stability.9,12,17–19

The osteogenic parameters along the surface of the implants 
were assessed by measuring the BIC and the growth of bone within 
the space between the implant threads as a percentage, called bone 
area fraction (BAF).20–22 Many animal studies have also confirmed 
this fact.1,4,20,22 A study carried out in sheep iliac crests concluded 
that osseodensification increases the bone to implant contact and 
increases the bone density adjacent to the osteotomy thus aiding 
in a better primary stability of the implant as compared to the areas 
with conventional osteotomy preparation.4

Studies were carried out by Hindi et al. where they compared 
the implant stability and bone density after osseodensification, and 
they noticed in increased implant stability.23–25 Study done by Seo 
et al. also showed similar results.26

In the present study, radiographic bone density at first two 
threads was found to significantly differ between right and 
left sides postoperatively and 6  months follow-up intervals. 
Preoperatively there was no much difference between the mean 
value at left and right sides. Postoperatively the mean bone 
density was 501.5 HU at left side and 746.5 HU at the right side, 
and while comparing the difference between these two sides, 
it was found that there was statistically significant difference 
between these two sides (p <0.001). Same result could be seen 
at the 3 months follow-up where at left side the mean density 
was 449.8 HU and at right side it was 649.7 HU, which was a very 

Table 5: Comparison of crestal bone levels height between the sides

Left Right

t pMean Standard deviation Mean Standard deviation
Pre-op 14.867 2.047 14.412 2.007 0.502 0.622
Post-op 13.971 2.255 13.810 1.919 0.172 0.865
3 months follow-up 13.345 2.057 13.411 1.901 0.075 0.941

Table 6: Comparison of crestal bone levels width between the sides

Left Right

t pMean Standard deviation Mean Standard deviation
Pre-op 8.401 0.709 8.664 0.502 0.957 0.351
Post-op 8.199 0.545 9.189 0.545 4.04 0.001***

3 months follow-up 7.860 0.481 8.963 0.605 4.51 0.001***

***Very highly significant

Table 7: Comparison of radiographic bone density (in HU)—first two threads between the sides

Left Right

t pMean Standard deviation Mean Standard deviation
Pre-op 472.600 79.626 463.400 64.845 0.283 0.78
Post-op 501.500 61.009 746.500 96.444 5.894 0.001***

3 months follow-up 449.800 55.541 649.700 91.493 5.906 0.001***

***Very highly significant

Table 8: Comparison of radiographic bone density (in HU)—last two threads between the sides

Left Right

t pMean Standard deviation Mean Standard deviation
Pre-op 461.500 77.885 494.000 65.901 1.007 0.327
Post-op 504.300 60.318 780.200 47.109 11.40 0.001***

3 months follow-up 445.100 54.378 703.500 65.690 9.583 0.001***

***Very highly significant
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huge difference and it was found to be statistically very highly 
significant (p <0.001). Similar results were seen at 6  months 
follow-up interval. Radiographic bone density at last two threads 
was compared between the right and left sides, respectively, 
preoperatively, postoperatively, 3  months follow-up, and 
6 months follow-up. Preoperatively there was no much difference 
between the mean values (p = 0.327). But postoperatively right 
side increased values than the left side. The mean bone density at 
left side was 504.3 HU whereas on right side it was 780.2 HU, and 
this difference was found to be statistically significant (p <0.001). 
Similarly at 3 months follow-up, the mean bone density again 
reduced to 445.1 HU at left side and 703.5 HU at right side. Again, 
the mean difference between right and left side was showing a 
very high statistical significance. It can be noted that the bone 
densification achieved postoperatively remained relatively 
same after 3 months since there was no statistically significant 
difference in the two values (p >0.05). It was also noted that after 
6 months follow-up the density had not changed significantly 
and had remained almost same.

A greater degree of osseointegration was expected in the 
surgical sites with a greater BIC and BAF. This could be attributed 
to the fact that the osteoblasts were nucleating on instrumented 
bone which is in close approximation with the implant surface.4,26 
Due to the presence of a layer of autografted bone around the 
implants in the area of osseodensification, the proximity allowed 
a quicker rate of osseointegration process.27

lI M I tAt I o n s o f t h e st u dy
Since these measurements of the structural connection between 
the implant body and the bone are histologic in nature, direct 
measurement connection’s functionality was not possible.

The technique of osseodensification might be needed to be 
used with precaution in the areas like the mandibular anterior 
region where the bone is mostly cortical or it is dense. And again, 
the osteotomy drills employed for osseodensification have been 
found to raise the temperature, and this may result in neighboring 
osteoblasts getting necrosed, if these drills are not used with 
copious and abundant saline irrigation.28

co n c lu s I o n
Within the limitations of the study, it can be concluded that there is 
no statistical difference (p >0.05) between the levels of the crestal 
bone between an osseodensified osteotomy site as compared to 
a conventional osteotomy site.

Radiographic bone density adjacent to the implant is 
significantly increased after osseodensification and the bone 
there remains relatively dense over a period of 6 months aiding in 
a primary stability and eventual good osseointegration.

or c I d

Siddhant Aloorker  https://orcid.org/0000-0003-3502-833X
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