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ABSTRACT

BACKGROUND: Narrow ridges can cause difficulties in restoring function by dental implants; many techniques can be used to
overcome this problem such as bone grafting and ridge expansion techniques; with ridge expansion being the better, more reliable
option. A recent technique that can achieve ridge expansion is osseodensification. Osseodensification using Densah burs is a
technique that condenses bone using specially designed burs rotating in an anticlockwise direction, which will help in increasing the
ridge width as well as insertion torque of the implant

AIM OF THIS STUDY: Clinical and Radiographic evaluation of ridge expansion in posterior atrophic mandible using
osseodensification with simultaneous implant placement.

MATERIALS AND METHODS: 12 patients with narrow posterior mandibular ridge with width <6 mm received implants using
osseodensification technique. The amount of ridge expansion, primary and secondary stability at 4 months and marginal bone loss
were evaluated at 4 and 8 months.

RESULTS: 4 months post-operative bone width was increased by 43.61% and after 8 months bone width was increased by 39.29%
in the cervical region and increased by 11.48% at 4 months and 9.89% at 8 months in the middle region and increased by 12.64% at
4 months and 10.57% at 8 months in the apical region. There was also a significant increase in bone density around the implants (p <
0.05)

CONCLUSION: Based on the results'of this study we concluded that osseodensification is a safe and effective way for expanding
narrow posterior alveolar ridges, while increasing bone density around the implant which positively affects the primary and
secondary stability; without complications such as dehiscences and fractures of the buccal plate of bone.
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INTRODUCTION

A frequently encountered issue in implant dentistry including (1) implant-related factors such as design,
is the presence of an atrophic mandibular ridge, surface ~ topography, ~ composition,  shape,
especially ridges with width below 6 mm since this biocompatibility and dimensions, (2) host-related

will leave less than 1.5 mm of bone buccal and
lingual to the narrowest implant which will
compromise the blood supply and will leave a
higher chance of implant fenestration (1).

For some ridges implant treatment may be hindered by
having some conditions that such as; lower than
optimum ridge width, which might be due to
periodontal conditions, trauma or tooth loss (2).

The need for ridge augmentation surgeries is
decreased when using narrow diameter dental
implants between 3 mm and 3.5 mm, It is important
to maintain a sufficient amount of Imm (implant)
bone thickness around the implant, but in situations
where the bone width is very narrow, it may still be
necessary to perform augmentation surgeries (2).
Albrektsson et al. (1981) identified several factors
that are associated with the success of implants,
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factors such as bone quality, density, and volume,
(3) surgical factors such as achieving primary
stability, preventing infection, and avoiding
mechanical and thermal damage, (4) biomechanical
factors such as loading conditions, and (5) systemic
factors such as parafunctional habits, systemic
diseases and medications that affect bone
healing.(3)

With primary stability being the most essential
factor for attaining success (4).

The friction between implant surface and walls of
osteotomy at the time of surgery, without implant
movement is called primary implant stability, while
the process of bone remodeling and
osseointegration which is the direct structural and
functional contact between bone and implant
surface is called biological or secondary
stability(5).
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Many techniques, such as, Guided Bone
Regeneration ( GBR ) ,using allografts, xenografts,
bone block grafting from intra oral sites such as
external oblique ridge and chin has been used to
treat cases with narrow ridge width(6-8).
Osseodensification, which is a new way of
biomechanical bone preparation to place dental
implants, which means that the bone has a limited
ability to change its shape or form under pressure or
stress. using densifying burs that is fluted such that
it densify the bone with minimal heat formation. It
is a non-bone cutting technique which was
developed by Huwais in 2013 using specially
designed burs (DensahTM Burs) that help in
densifying bone during the osteotomy preparation,
which will in turn helps in ridge expansion (9).
These Burs condenses and preserves bone by
compaction autografting during the preparation of
the osteotomy, which then increases the density of
bone in the peri-implant area and thereby increases
mechanical stability of dental implant, also this
bone compaction increases the ridge width (9).

To significantly decrease the implant placement
procedures time, horizontal ridge expansion-is done
simultaneously with implant placement (8).

The main purpose of the study was to evaluate the
ability of the osseodesification technique to expand
mandibular  posterior  atrophic  ridges . and
simultaneously place dental implants.

PATIENTS AND METHODS

Study Design

This was a clinical trial that was carried out after
getting the research -ethics committee approval
(17/10/2021- 0306-10/2021); Faculty of Dentistry -
Alexandria University. Participants were given a
complete description of the nature of the study then
they signed an ‘informed consent” saying that they
were ready to participate in this study with the
commitment to attending follow up visits.

The minimum sample size has been determined using
data from a previous study that‘was conducted to
assess the extent of ridge expansion following
osscodensification. Koutouzis T. et al. (2019) (10)
concluded that the dimensions of the mandibular
alveolar ridge can be altered using osseodensification
which expands the ridge, with the ridge crest being the
area of highly anticipated expansion due to the
presence of sufficient trabecular bone. Based on the
results of the later study. Adopting a power of 90% to
detect a standardized effect size in amount of ridge
expansion of 1.215 and a 95%(a=0.05) significance
level, the minimum required sample size for single-
arm (non-randomized) trial was found to be 12
patients (11). Any withdrawal was amended by
substitution to control the withdrawal bias (12). A
GPower version 3.1.9.2 was used to calculate the
sample size (13).

Participant of this study were chosen from the out-
patient clinics of the Oral and Maxillofacial
Surgery  Department, Faculty of dentistry,
Alexandria University.

Inclusion Criteria Patients having narrow
edentulous posterior mandibular ridge with width <
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6mm (13); The patients included in the study were
between the ages of 24 and 50 years old. Patients
with a good oral hygiene (14-16).

Exclusion Criteria Patients having systemic
condition that directly influence the remodeling of
bone such as Osteoporosis, Medically Related
Osteonecrosis of the Jaw (MRONJ), Rheumatoid
arthritis, uncontrolled Diabetes mellitus and
Ectodermal Dysplasia (17).; Heavy smokers (18);
Ongoing chemotherapy or radiotherapy;
Parafuncntional habits; Surgical site with acute
infection; Patients with mental retardation;
Pregnant Patients; Alcohol or drug abuse
Preoperative Phase Personal history was obtained
by getting the full personal data of the participants
in detailsincluding their names, age, gender,
occupation, address and phone number; Previous
dental'and medical history.

Intraoral examination

Inspection was carried out to detect bone integrity
and any abnormality. Palpation was made to assess
cortical bone, tenderness

Radiographic examination

Preoperative Cone beam CT scanning was done for
the selected patients before the surgery to evaluate
the dimensions of the ridge and location of the
implant, relation to vital structure and determine the
dimensions of the implant in terms of its length and
width.. Figure 1

Pre-operative . Medication:.-Augmentin  1gm
(Augmentin, Galaxosmithkline- Australia) tablet
twice per day was given before the surgery by one
day

Operating phase

All the surgeries were conducted after the
administration of local anesthesia on the dental
chair. Inferior Alveolar nerve block with Long
Buccal nerve infiltration anesthesia using 4%
Articaine  with  1:100,000 epinephrine  was
administered; Using a Bard-Parker scalpel no.15, a
full thickness mucoperiosteal flap was made on the
the mid crest Figure 2; First osteotomy was made
using conventional drill rotating in clockwise
direction in cutting motion. Figure 2; Implant
osteotomy was then expanded using the
osseodensification  drilling  protocol  (densah
burs)Figure 3; In osseodensification technique for
ridge expansion the pilot drill was used with
rotating speed from 800 - 1200 rpm in a cutting
clockwise direction until we reach the suitable
length, then the sequential drilling is done using
densah burs in an anticlockwise direction under
copious sterile saline irrigation with speed of 800 —
1800 rpm in an up and down motion till reaching
the desired length. Figure 4; After implant insertion
the primary stability was measured using the Osstel
monitor to obtain ISQ readings (19). Figure 5; Flap
was returned to its position and sutured

Post operative Medications: (a)Augmentin 1gram
tablet was continued every 12 hours for 5 days.
(b)Alphintern (Chymotrypsin and Trypsin) as anti-
inflammatory drug, will be given 1hour immediate
post operatively and continued every 8 hours for 3
days.(c) Hexitol (Chlorhexidine) warm mouthwash
especially after meals started from the second
postoperative day and continued to the end of the
week.
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Post operative Radiographic and Clinical
evaluation:

CBCT was conducted after 4 and after 8 months to
evaluate the process of osseointegration and to
assess the amount of ridge expansion and amount of
bone formation. (With exposure parameters from 8-
16 mamp and 8-10 kv).

Readings were measured from the outer part of the
buccal cortical bone to outer part of the lingual
cortical bone to evaluate the amount of ridge
expansion made.

These measurements were taken at 3 different
points from a sagittal cut of the CBCT of the
implants. Figure 6 First point at cervical level of
the implant; Second point at middle third of the
implant; Third point at the apical third of the
implant

These measurements were then be compared to the
baseline measurements taken before implant
placement through the preoperative CBCT.

Then Secondary Stability was measured using
Osstel at 4 months and marginal bone level was
evaluated at 4 and 8 months .

& @ ™

Figure 1: Pre operative CBCT with surgical
planning and virtual-implant placement with normal
drilling protocol.

Figure 2: (A) Incision . (B) pilot drill.
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Universal Densah Bur Kit

Figure 3: Pre operative CBCT with surgical
planning and virtual implant placement with normal
drilling protocol.

Figure 5: Measuring primary stability using Osstel.
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6.90 mm

45 mm

9.34 mm

Figure 6: Sagittal View of CBCT post operative.

Statistical Analysis

The computer received data through IBM SPSS
software package version 24.0.

Qualitative data were presented as numbers and
percentages. To compare categorical variables
across different groups, the Chi-square test was
employed.

Quantitative data were described using the.-mean
and standard deviation for data that followed a
normal distribution.

When comparing two independent populations
with normally distributed data, the analysis was
conducted.

The significance test results were reported as two-
tailed probabilities, and the significance level was
set at 5% to determine the significance of the
findings.

RESULTS

Radiographic Results

Cervical Third

Compared to the = measurements taken
preoperatively, a significant increase was seen after
4 months by 43.61% as well as after 8 months by
39.29 %, ( P = 0.001 ). Therewas no statistically
significant difference between cervical bone width
after 4 months and cervical bone width after 8
months (P=0.348). Table 1

Middle Third

Compared to the measurements taken
preoperatively, there was significant increase in
bone width after 4 months by 11.48% as well as
after 8 months by 9.89% ( P = 0.045 ). There was
no statistically significant difference between bone
width in the middle third after 4 months and after 8
months (P=0.741). Table 1

Apical third

Compared to the  measurements  taken
preoperatively, a significant increase in the bone
width was seen after 4 months by 12.64% as well as
after 8 months by 10.57% (P = 0.044). There was no
statistically significant difference between apical bone
width after 4 months and after 8 months (P=0.608).
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Table 1

Marginal bone level

When comparing marginal bone level around the
implant after 4 months and 8 months, there was no
statistically significant difference found. Table 2
Clinical Results

Primary and Secondary Stability at 4 months
When comparing primary stability to secondary
stability there was no statistically significant
difference (P = 0.375). Table 3

Table (1): Comparison between width Preoperative

and at 4 and 8 months

Width

Preoperative

4

months

8 months

Cervical
Range
Mean
SD

4.63-5.88

5.09
0.40

6.0-
8.23
7.31
0.66

5.92-8.2
7.09
0.79

Percent
change
from
base
line

39.29

ANOVA test
P value

44.79
0.001*

P1

0.001*

P2

0.001*

P3

0.384 N.S.

Middle 1/3
Range
Mean
SD

7.2-11.09
9.00
1.10

Percent
change from
base line

ANOVA test
P value

3.402
0.045*

P1

0.022*

P2

0.046*

P3

0.741 N.S.

Apical
Range
Mean
SD

9.34-

12.46

10.34
1.10

8.3-12.44
10.15
1.26

Percent
change from
base line

12.64

ANOVA test
P value

3.439
0.044*

P1

0.020%*

P2

0.048*

P3

0.698 N.S.

Average bond
width

Range

Mean

SD

6.00-
12.46
8.93
1.56

5.92-12.44
8.75
1.65

Percent
change from
base line

19.22

ANOVA test
P value

7.502
0.002*

P1

0.001*

P2

0.001*

P3

* Significant difference

0.656 N.S.

ANOVA = One way ANOVA test
P was significant if < 0.05
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N.S. Not Significant difference

P1 comparison between width before and width
after 4 months.

P2 comparison between before and width after 8
months.

P3 comparison between width after 4 months and
width after 8 months.

Table (2): Comparison between primary stability
and secondary stability after 4months.

Secondary Stability
after 4 months

Primary stability
(osstell reading)

ISQ

Range 56-82 54-75

Mean 67.80 66.88
SD 8.31 5.44

t-test 0.966

P value 0.375 N.S.
T= student t-test

P was significant if < 0.05

* Significant at level 0.05

Table (3): Changes in marginal bone level after 4
months when compared to marginal bone level after
8 months.

after 4 after 8

months months U-test B ale
Buccal
Range 0-0.5 0-0.71
Mean 0.17 0.34 4.25 0.103 N.S.
SD 0.21 0.30
Median 0.00 0.38
Lingual
Range 0-0.77 0-0.83
Mean 0.28 0.34 3.211 0.354 N.S.
SD 0.29 0.31
Median 0.28 0.33
Mesial
Range 0-0.79 0-0.82
Mean 0.30 0.43 0.113 0.468 N.S.
SD 0.38 0.36
Median 0.00 0.50
Distal
Range 0-0.76 0-0.77 0.681
Mean 0.38 0.41 0.288 N S
SD 0.34 0.33 -
Median 0.57 0.60
Average
Marginal
bone level 0.06
Range 0.0-0.79 0.0-0.83 6.002 N S
Mean 0.28 0.381 i
SD 0.31 0.32
Median 0.125 0.375

U= Mann Whitney test
P was significant if < 0.05
N.S. Not Significant at level 0.05

DISCUSSION

Narrow posterior alveolar ridges pose a challenge in
restoration of dentition using dental Implants,
several techniques are used for restoration of width
such as GBR, ridge expansion techniques such as
ridge splitting and distraction osteogenesis (20).
The technique of osseodensification aims to prepare
the implant site through multi-stepped preparing
concept with specially designed burs rotating in
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anticlockwise direction which in turn lateralizes
autogenous bone into the neighboring spongy bone,
and therefore expands the bone with minimal heat
elevation and controlled bone deformity (21).

This technique of compaction autografting increase
bone density and improves bone with poor quality
which uses elastic bone properties to facilitate bone
bulk preservation (22).

The aim of this technique is to autograft bone at the
apex and periphery of the implant by condensing
the bone. This will increase the implant and bone
contact area which in turn increases the density of
bone around the implant which then increases the
insertion torque of the implant and implant primary
stability (23).

The purpose of this study was to evaluate the
effectiveness. of using the Osseodensification
technique, specifically the Densah bur, to expand
the atrophic ridge in the posterior mandibular
region. Additionally, the study aimed to assess the
stability of the implant both immediately after
placement and over time, and to determine the
density of the bone that surrounds the implant.
According to Koutouzis et al., (24) cases that were
selected for ridge augmentation varied in width
from 3'-6 mm. Therefore, the target width in the
cases of our study was selected to be < 6 mm. That
is because we need a at least 1.5 mm of bone buccal
and lingual to the implant to ensure an adequate
blood supply (25).

Nasseri et al., (26) stated that patient having dental
implants that are heavy smokers tend to have bone
loss around /the implants which causes implant
failure, that’s why subjects of this study were
selected to be non-smokers. In addition Chitumalla
et al., (27) stated that patients with Para functional
habits such as bruxism, who received dental
implants, experienced complications such as
fracture of implants, ceramic fracture, screw
loosening, screw fracture and decementation of
prosthesis (28).

CBCT is a Mandatory tool in the full process of
dental implantology, Starting from pre-surgical
planning and detection of vital anatomical structure
and virtually placing implants to check there
proximity to these structure as well as asses bone
levels all around the implant before even placing
them (29), to ensure the success of our procedure
and the proper placement of the implant and check
marginal bone loss around the implant as described
by Greenberg et al.,, (30) All of these features
makes the CBCT a greater option in radiographic
assessment of the cases rather than computerized
tomography (CT) or panoramic x-ray (31, 32), in
the present trial CBCT was conducted to the
participant on 3 different occasions, Preoperatively,
after 4 months to evaluate amount of bone
expansion and bone density and after 8 months to
evaluate marginal bone loss after insertion of the
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final prosthesis and bone expansion when compared
to the previous CBCT.

Concerning the surgical protocol conducted in this
study, procedures were performed under local
anesthesia, and as Kim et al., (33) described, all
cases in this study had a mid crestal horizontal
incision to allow access to the crest of the ridge for
placement of implant which is believed to offer
better remodeling of the bone post operatively and
increase the ability of having a good secondary
implant stability and thus be able to early load the
prosthesis on the implant, however flap reflection
has a great impact on dimensional changes of
alveolar ridges which is related to the periosteal
rupture which when left in place eventually
decreases the rate of bone resorption as stated by
Araujo et al., and Blanco et al., (34, 35).

This current study displayed an average increase in
bone width by 19.22%, also a remarkable increase
in the density of bone around the implants which
contributed to primary stability. This goes in line
with the results obtained by Jarikian et al conducted
a recent study that revealed similar results to-this
study (36), where a 2.36mm average expansion of
bone was seen after placing 14 implants using
osseodensification technique.

In the current study, The Resonance Frequency
Analysis (RFA) was used for the assessment of the
primary stability of the implant through the Osstell
ISQ system. This method was the method of choice
in evaluating the stability of the implant because of
its reliability and noninvasiveness (37).

ISQ values were checked twice. First, immediately
post operative to check the primary stability of the
implant which showed high I1SQ values with a mean
of (67.80 + 8.31) and second after 4 months post-
operative to assess the secondary stability. which
also showed high 1SQ values with a mean of (66.88
+ 5.44) which indicated a well oseointegrated
implants, the 1SQ values of the secondary stability
were slightly lower than the 1SQ values of the
primary stability but the decrease was statistically
not significant. Although data are limited on the
ISQ values during the healing period, the 12 cases
have demonstrated continued stable 1SQ values
during the first 4 months of healing. This
information gave us an idea on the stability of the
implant during the healing process were it was
stable rather than having been reduced while
remodeling occurs. This comes in correlation with
the results obtained by Suzuki et al which showed
slight decrease in 1SQ reading in some of the
research subjects (38). The results observed in the
study can also be explained by the use of
compaction autografting. This technique involves
using autogenous compacted bone particles as a
foundation for new bone formation. As the bone
turnover process takes place, the graft particles can
be rapidly replaced, leading to a potentially natural
transition from primary to secondary stability (19).
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In their study, Trisi P. and colleagues examined how
effective the osseodensification (OD) technique is in
improving bone ridge density, width, and implant
secondary stability (39). They conducted both a
biomechanical and histological analysis by placing 20
implants in the iliac crest of two sheep. The test group
received implants using the osseodensification
technique, while the control group received implants
using a conventional drill on the opposite side The
bone width and volume in the test group showed a
noticeable increase. In the osseodensification site the
most increase in width was seen in the coronal third of
the implant osteotomy, which in parallel had thicker
trabecular bone due to compaction autografting (39).
These results come in parallel with the results of our
study .where the bone density before drilling had a
mean ROI value of (464.0 £ 131.9) when compared to
the ROI values of bone around implant after
osseodensification with a mean value of (1467.2 +
151.2).

Regarding marginal bone loss, it was measured after 4
months having a mean average of 0.28 having no
statistically significant difference when comparing the
reading of the marginal bone level after 4 months with
the readings after 8 months which was 0.381. These
results ‘agree with those obtained by Knight et al
which also showed no' significant difference in
marginal bone levels around implants placed by
osseodensification technique (40).

Osseodensification maintains the bone volume by
condensing the cancellous bone because of the
viseoelastic destortion and compacted autografting
of bone through the whole length of the implant
osteotomy.< Also having collagen improves the
revascularization of bone after the osteotomy which
is preserved due to the non-cutting feature of the
osseodensification which in terms helps in
formation of new bone and bone remodeling. At 4
months after implant placement in this study, the
average bone width increased by 19.22% and at 8
months increased by 16.82% when compared to the
baseline measurements before drilling. Even though
there was a thin labial bone left in some cases. This
did not result in any dehiscence when cases were
followed up after 8 months, this was may be due to
the osteogenic potential of the remaining labial
bone.

This  trial  suggests that utilizing the
osseodensification technique for preparing implant
osteotomies has a beneficial impact on increasing
the width and density of bone in narrow posterior
alveolar ridges. As a result, this technique can be
considered a dependable and secure approach to use
in such situations.

CONCLUSION

From the study results we can deduce that
osseodensification is a safe and effective way for
expanding narrow posterior alveolar ridge. while
having the advantage of increasing bone density
around the implant while positively affecting the
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primary and secondary stability of the implant
without complications such as dehiscences and
fractures of the buccal plate of bone.
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