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INTRODUCTION                                                                 

Dental implants are considered one of the most 
successful treatment options for completely or partially 
edentulous mandible and maxilla. In maxilla the 
nature of bone together with the atrophy which occurs 
after extraction present an obstacle in planning dental                                            
implants[1  - 2].

Osseointegration which is a must for implant loading is 
defined as the direct structural and functional connection 
between living bone and the titanium implant surface. 
Amongst all factors that affects implant success, primary 
stability is one of the most important ones[3 - 4].

Primary stability comes from mechanical anchorage 
between the fixture and the bone walls of the implant bed. 
Secondary stability is the progressive increase in stability 
achieved through bone formation and remodeling in contact 
with the implant surface during the healing period[5].

The primary stability of dental implants depends on 
bone quantity and quality, implant design, implant surface 
features and the surgical technique used for preparing the 
osteotomy[6].

Decreased primary stability may result in defective 
secondary stability, which is, osseointegration[7].

Poor density bone (D3-D4) is usually noticed in the 
maxillary posterior regions. This is why the insertion 
torque values of the implant placed is usually below the 
acceptable values. This will lead to a low success rate for 
implants placed in these areas[8 - 9].

Low bone density is usually noted in the posterior 
area of the maxilla. In 2015, a technique  using a specially 
designed densifying bur was proposed for implant site 
preparation. This bur was claimed to improve bone density 
in the drilling site[8 - 10].

During the osseodensification process, bone is 
compacted into open marrow spaces during drilling and 
thus implant insertion torque is increased by densification 
of osteotomy site walls[11].

The densifying bur consists of cutting chisel and tapered 
shank allowing it to progressively increase the diameter as 
it is moved deeper into the osteotomy. Furthermore, drilling 
can be operated in two rotation directions; clockwise (CW) 
and counterclockwise (CCW) rotation directions that 
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is more efficient at the densification process and can be 
utilized in low-density bone, while the clockwise drilling 
direction is suitable for higher-density bone[12].

Percussion, mobility tests and radiographs are methods 
to assess implant stability. All these methods have the 
disadvantages of lack of standardization, susceptibility to 
operator-associated variables and poor sensitivity[13 -  15].

Recently, a noninvasive technique called resonance 
frequency analysis has been used for the assessment of the 
stability of implants. The advantages of this technique are 
that it is straightforward, rapid, easy to perform and there 
is no risk of discomfort to the patient[16].

Qualitative and quantitative conditions of alveolar 
bone can be evaluated by Cone Beam Computed 
Tomography (CBCT). Advantages of CBCT include three-
dimensional visualization of anatomic structures, greater 
precision for diagnosis and analysis than with traditional 
2-dimensional radiography and reduced cost and lower 
radiation exposure compared with multidetector computed                
tomography[17 - 20].

This study was planned to determine the effect of 
Densah Burs on the primary and secondary implant 
stability, in addition to peri-implant mean marginal bone 
loss compared with conventional surgical burs when 
used for implant osteotomy site preparation. The null 
hypothesis was that there was no difference in implant 
stability and  peri-implant marginal bone loss between both 
techniques.

MATERIALS AND METHODS                                                                  

Patient Selection:
Ten male patients with age range (45 – 60) years old 

from those attending the out-patient clinic of Oral and 
Maxillofacial Prosthodontic Department, Faculty of 
Dentistry - Ain Shams University to participate in the 
study.

Male patients had Kennedy class I partially edentulous 
maxillary arch and dentulous or partially edentulous 
restored with fixed restoration mandibular arch                                    
(Figure 1). Patients with systemic diseases that might affect 
bone quality, increase surgical risk, delay or complicate 
post-operative healing were excluded. Also patients with 
any muscular or TMJ disorders, parafunctional habits, 
severe cardiovascular diseases, metabolic disorders, 
history of previous radiotherapy and chemotherapy, and 
smoking patients were excluded.

Clinical extra and intra oral examination were carried 
out for all patients. Only patients with good oral hygiene 
were involved in the study. The residual alveolar ridges 
should be covered with firm healthy mucosa, free from any 
signs of flabbiness, ulceration or inflammation.

Figure 1: Kennedy class I partially edentulous maxillary arch.

Preliminary impressions in irreversible hydrocolloids 
(Cavex CA37 Alginate, Cavex, Netherlands) were taken 
and diagnostic casts were mounted to evaluate ridge 
relationship and available interarch space. For all patients 
maxillary removable partial dentures were then constructed 
in a conventional method and delivered. Follow up 
appointments were scheduled for each patient two weeks 
before implant placement. The maxillary removable partial 
dentures were duplicated into clear heat cured acrylic resin 
to be used as a stent.  A Cone Beam CT scan was made 
for each patient while wearing the stent to determine bone 
dimensions at proposed implant sites.

Surgical steps:
Implants (Nucleoss Implant system, Turkey)                 

with 4.1 mm diameter and 10 mm lengths were used in 
this study. Two implants were placed in each patient; one 
in each side in the molar region. For each patient implant 
drilling was carried out in a conventional method in one 
side while in the other side osseodensification drilling 
with Densah Bur (Versah, Jackson, MI, USA) was carried 
out.  After administration of infiltration anesthetic solution 
(Mepiccaine local anaesthesia, Alexandria company 
for pharmaceuticals and chemical industry), a three-
line trapezoidal incision was made and a full thickness 
mucoperiosteal flap was reflected. The stent was used to 
mark the proposed conventional implant sites.

For the side where the osteotomy preparation was made 
using the conventional drills a round bur was used to mark 
the implant sites guided by the surgical stent. Preparation 
of implant sites started with the 2.3 mm diameter pilot drill. 
The osteotomy preparation was continued using a drill 2.8 
mm in diameter followed by 3.4 mm drill and finally by 
a 3.8 mm drill at 800 rpm speed with copious irrigation 
(Figure 2).
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Figure 2: Flap reflection and osteotomy preparation.

For the other side after marking the implant site, the 
osseodensification protocol was followed. Osteotomy 
was prepared to the desired depth using the pilot drill in a 
clockwise rotation direction at speed 800 rpm with copious 
irrigation. Thereafter osseodensification drills were used in 
sequence. Drilling was performed in a clockwise direction 
using VT1828, and then the drill motor was reversed 
counter clockwise drill speed 800 rpm with copious 
irrigation. Gradually wider diameter bur (VT2838) was 
used in the same manner as (VT1828) (Figure 2).

The implants were picked up from the sterile vial and 
directly inserted into the prepared site and then a torque 
wrench was used until the implant top flushed with the 
ridge crest.

The smart peg was then secured to the implant fixture 
on each side and the initial implant stability was then 
measured using the Osstell device (Osstell TM, Integration 
Diagnostics, Savedalen, Sweden) that records implant 
stability quotient (ISQ).  The Osstell probe was located 
close to the smart peg and the ISQ value was recorded. 
(Figure 3) Smart peg was then retrieved and the cover 
screws were secured to the fixture. The mucoperiosteal flap 

was repositioned and sutured using 000 interrupted black 
silk suture.

Figure 3: Resonance frequency analysis.

Seven days after surgery patients were recalled to 
remove the sutures. Six months later, the second stage 
started in which exposure of the implant fixtures took place 
and healing abutments were secured to the implant fixture. 
Upon soft tissue healing, the healing abutments were 
removed and the smart pegs were reattached to the implant 
fixture and ISQ value was recorded using the Osstell 
device to measure secondary implant stability. The smart 
peg was then removed and ball abutments were secured to 
the implants.

Prior to the pick-up of the metal housings, block-
out shim was adapted to each abutment to block out the 
undercut areas inferior to the ball abutments, then the 
metal housings were placed in place. A recess was made in 
the denture base opposite to each ball abutment and hard 
denture lining material was used for chair-side pick-up 
of the metal housings. The lining material bonding agent 
was applied into the recess of the denture base, the lining 
material was then added and the denture was fully seated 
in the patient’s mouth. The patient was guided to close in 
centric relation till complete curing of the hard denture 
liner occurred (Figure 4).

	           Figure 4: Implant supported maxillary partial overdenture after pick  up.
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The mean marginal bone loss for each implant was 
measured using cone beam CT (K.V.P 85, M.A 16, 
resolution 100150- voxel, F.O.V 7*14.5*14.5 and scanning 
time 20 Sec) at the time of 6, and 12 month interval. The 
mean marginal bone loss was the mean of the marginal 
bone loss on the mesial, distal, buccal and lingual sides of 
the implant. The amount of bone loss was calculated from 
the implant platform to the level of bone crest in mm on 
each side of the implant using the Cone beam CT software 
ruler (Figure 5).

RESULTS                                                                          
The paired t test was used for comparison between 

primary and secondary implant stability in each group. 
Similarly, paired t test was used for comparison of .

Figure 5: Cone beam computed tomography at follow up appointments after implant loading.

Table 1: Mean and standard deviation for primary, secondary implant stability, mean marginal bone loss at 6 and12 month interval for 
conventional surgical drills and Densah burs:

Implant stability Primary Secondary Test value• P-value Sig.

Conventional surgical drills

Mean ± SD 55.75 ± 10.44 68.88 ± 4.70

3.2 0.012 S*Range 32 – 60 63 – 78

Densah burs Mean ± SD 67.63 ± 5.73 70.75 ± 4.89

1.244 0.284 NS**Range 60 – 76 63 – 77

P-value 0.01 (S)* 0.44 (NS)**

Mean Marginal bone loss 6 month follow up 12 month follow up Test value P-value Sig.

Conventional surgical drills Mean ± SD 0.65 ± 0.23 1.36 ± 0.21

7.1 0.001 S*
Range 0.33 – 0.93 1 – 1.6

Densah burs Mean ± SD 0.65 ± 0.25 1.2 ± 0.18
5.6 0.002 S*Range 0.3 – 0.98 0.95 – 1.5

P-value 0.990 (NS)** 0.27 (NS)**

*Statistical significant difference

**Non statistical significant difference

marginal bone loss at 6 and 12 months intervals in each 
group. However, unpaired t test was used for comparison 
of primary implant stability, secondary implant stability 
and marginal bone loss at 6 and 12 months interval 
between both groups. P value of 0.05 was chosen as level 
of significance in which values < 0.05 were considered 
significant.

Regarding primary implant stability when 
using conventional surgical drills, the mean ISQ 
value was 55.75 ± 10.44 while for the Densah burs                                                                                                                          
was 67.63 ± 5.73. These results show a statistical 
significance as the p value was 0.01. However, the values 
for secondary implant stability while using the conventional 
surgical drills and the Densah burs were 68.88 ± 4.70 
and 70.75 ± 4.89 respectively and the P value was 0.44 
showing no statistical significance as shown in Figure 6 
and Table 1.
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On comparing the primary and secondary implant 
stability when the osteotomy site was prepared 
using the conventional surgical drills, the P value                                                    
was 0.012 showing a statistical significance. However, 
it was 0.284 on comparing the primary and secondary 
implant stability when the osteotomy site was prepared 
using the Densah burs (Figure 6).

The mean marginal bone loss at the first 6 month 
follow up was (0.65 ± 0.23) mm when the osteotomy 
site was prepared using conventional surgical drills                              
and (0.65 ± 0.25) mm when it was prepared using the 
Densah burs. The P value was 0.990 showing no statistical 

significance. At 12 months follow up, the mean marginal 
bone loss was (1.36 ± 0.21) mm when using conventional 
surgical drills for osteotomy preparation and (1.20 ± 0.18) 
mm when using the Densah burs. There was no statistical 
significance as the P value was 0.27.

On comparing the mean marginal bone loss at                               
the 6 and 12 month intervals when the osteotomy site was 
prepared using the conventional surgical drills, the p value 
was 0.001showing a statistical significance. However, it 
was 0.002 when the osteotomy site was prepared using the 
Densah burs showing a statistical significance too      as 
shown in Figure 7 and Table 1.

 

Figure 6: Bar chart showing mean and standard deviation of primary and secondary implant stability using conventional surgical 

drills versus Densah burs.

Figure 7: Bar chart showing mean and standard deviation of mean marginal bone loss at 6 and 12 month interval using conventional 

surgical drills versus Densah burs.
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DISCUSSION                                                                          
This study investigated the effect of osseodensification 

instrumentation on the primary and secondary implant 
stability in addition to mean marginal bone loss in low-
density bone.

Bad oral hygiene is one of the most risk factors 
leading to implant failure so only patients with good oral 
hygiene are selected to participate in this study. Age range 
for the selected patients was 45 to 60 years old to avoid 
effect of age on muscle tone, oral mucosa and residual                            
ridge[21, 22].

Only male patients were included due to high 
prevalence of post-menopausal osteoporosis in females, 
which might alter bone metabolism and reduce healing 
capacity[23]. Patients with systemic diseases that might 
affect bone quality, increase surgical risk, delay or 
complicate post-operative healing, cardiovascular diseases, 
metabolic disorders, history of previous radiotherapy and 
chemotherapy were excluded to decrease risk of implant 
failure[24, 25].

In a study, specially designed condensers and expanders 
were employed for condensation of low-density bone. In 
this way, it was assumed that the bone is condensed apically 
and laterally by using the osteotomes. Bone density was 
reported to increase in the periapical area only and not 
along the lateral walls[26]. However, hammering with a 
mallet is involved in the technique of bone condensation. 
Such a way may be difficult for the operating surgeon to 
control and may result in unintentional displacement[27].

An osseodensification drilling technique that allowed 
expansion of the drilling site was proposed in 2015. This 
technique used specially designed burs operating in a 
counterclockwise direction instead of hammering with a 
mallet[10, 28].

High temperature during drilling causes bone necrosis 
in the osteotomy site. so precautions were taken during 
drilling as using refrigerated saline, sharp drills and 
sequentional drilling. High temperature during osteotomy 
site preparation causes bone necrosis and affects implant 
osseointegration[29].

Drilling was also operated in both counterclockwise 
(CCW) and clockwise (CW) rotation directions. the 
counterclockwise drilling can be utilized in low density 
bone as it was reported to be effecient in the densification 
process[12]. During drilling with Densah burs, both 
clockwise initially and then counterclockwise drilling was 
employed. However, during drilling with conventional 
surgical drills, clockwise drilling only was used.

Delayed loading was adopted in this study as the 
rates of implant loss when using immediate loading with 
ball attachments are higher in comparison to delayed 
loading[30]. Implant stability quotient was measured in this 
study using the Osstell device as it is straightforward, rapid 

and easy to perform and there is no risk of discomfort to 
the patient[16].

Cone Beam CT scan was used in this study as it can 
be used to measure alveolar bone height with accuracy 
and reliability. Therefore, Cone Beam CT was used in this 
study for the evaluation of marginal bone loss[31 - 33].

Surgical technique is one of the important factors 
affecting primary stability[34 and 35]. The results of this study 
match that of another study regarding primary implant 
stability in which there was statistically significant 
difference between both techniques of drilling[36]. 
However, another study showed no statistical significant 
difference although the values attained by using Densah 
bur for drilling was slightly higher than that attained by 
using conventional surgical drills[37].

The results of the present study showed that Densah bur 
drilling significantly increased primary implant stability 
compared to conventional drilling. This may be due to the 
claim that this technique preserve bone by two ways, first 
by compacting cancellous bone by its plastic deformation 
second by autografting of bone particles at the apex and 
length of osteotomy[38].

This technique utilizes a specially designed drills with 
several negative rake angles acting as noncutting edges and 
have four or more lands that smoothly compact the bone 
along the osteotomy[38].

Densah bur osteotomy diameter was also found to be 
smaller than conventional osteotomies due to the spring 
back action of bone and elastic strain. This increased 
the percentage of available bone at the implant site by 
about three times. Histomorphological analysis showed 
autologous bone chips in the osseodensified osteotomy sites 
especially in bone of low density relative to conventional 
drills[39].

The low primary stability of the conventional drilling 
implants may be due to the nature of the bone in the region 
of the posterior maxilla which characterized by low density 
(D3-D4 bone) in addition to the fact that conventional 
drilling does not allow bone densification[8 and 9].

Regarding secondary implant stability, similar results 
were attained by another study that showed no statistically 
significant difference between both techniques of drilling 
as this study[40].

However, another study showed a statistically 
significant difference between both types of drilling; a study 
in which sinus floor elevation was attempted. This study 
postulated that  more traumatic damage in bone was caused 
by osteotome sinus floor elevation used with conventional 
drilling; a condition that lead to delayed achievement of 
seconda6ry implant stability due to the more time needed 
for the repair of microdamage that stimulated osteoclast 
activation. However, in the present study, no sinus floor 
elevation was attempted[41].
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Osseointegration or secondary stability is affected by 
the quality and quantity of bone at bone -implant interface. 
Osseodensification leads to increase bone at implant 
surface by increasing bone mineral density in peri-implant 
area. This explained why secondary stability of implants 
placed by Densah bur drilling was slightly higher than 
when the conventional drilling burs were used[42].

The results of this study for marginal bone loss after 6 
months follow up match that of other studies in which there 
was no significant difference between both types of drills 
used[40 and 41].

A 12 month follow up showed that the peri-implant mean 
marginal bone loss was slightly higher when osteotomy 
sites were prepared using conventional drills compared to 
Densah burs. However, this difference was not statistically 
different. This may be due to the different healing pattern 
as it was found that the Densah bur drilling had no negative 
effect on bone healing compared to conventional drilling. 
The autografted bone chips in the osteotomy wall of 
densah bur side were also nuclei for more and dense bone 
formation as compared to conventional drilling side[40].

CONCLUSION                                                                           
Densah drilling burs may improve initial implant 

stability; a situation that may help when immediate loading 
of implants is planned especially if they are splinted. 
Moreover, they might not have a different effect rather than 
conventional drilling burs on marginal bone loss.
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