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Abstract 
Background: The aims of this study were to evaluate the effect of implant site preparation in low-density bone using 
osseodensification method in terms of implant stability changes during the osseous healing period and peri-implant 
bone density using CBCT.
Material and Methods: This prospective observational clinical study included 24 patients who received 46 dental 
implants that were installed in low-density bone using the osseodensification method. CBCT was used to measure 
the bone density pre- and postoperatively and implant stability was measured using Periotest® immediately after 
implant insertion and then after 6 weeks and 12 weeks postoperatively. The data were analyzed using paired t-test 
and the probability value <0.05 was considered statistically significant.
Results: Of the 46 implants, 43 were osseointegrated making the early survival of the implants 93.5%. There was 
a significant increase in bone density postoperatively; 337.6 ±182.9 compared to 265.3 ±173.9 Hounsfield units 
preoperatively. The primary implant stability was -2.7 ± 2.13 Periotest values (PTV), at the 6th week it decreased 
significantly (p ˂ 0.0001) to become 0.7 (± 4) PTV, and at the 12th week (secondary stability) it increased sig-
nificantly (p ˂ 0.0001) to become -2.1 (± 2.8) PTV. The difference between primary and secondary stability was 
statistically non-significant (p=0.0814). 
Conclusions: Osseodensification resulted in high primary stability and increased peri-implant bone density but it 
did not prevent the implant stability drop during the first 6 weeks after insertion of implants. 
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Introduction
The conventional implant site preparation techniques 
are subtractive in nature that use successively increa-
sing-diameter drills rotating in a clockwise direction 
under copious irrigation to excavate bone and prepare 
the implant bed (1), but recently a new non-subtracti-

ve drilling technique, osseodensification (OD), was in-
troduced where a specially designed drills rotate in an 
counterclockwise direction compacting bone at the os-
teotomy walls allowing more intimate engagement of 
the implant with the osteotomy site and increasing the 
primary stability (2,3).
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Compared with conventional drilling, OD was reported 
to result in higher insertion and removal torque, increa-
sed primary and secondary stability, higher bone-to-im-
plant contact and higher bone volume around implants 
(4) this favorable outcome is possible because of the 
drills that have many lands with large negative rake an-
gles which work as a noncutting edges to expand the 
implant site and increase the density of the bone (2).
After implant installation and during the osseous healing 
period there is a physiological drop in implant stability 
which accompanies the transition from primary mecha-
nical stability to the secondary biological stability, this 
drop is the result of the resorption of the bone tissue im-
mediately lateral to the implant which takes place during 
the initial 1-4 weeks of the healing period (5).
Despite the fact that many studies conducted on animal 
models have demonstrated a favorable outcome of OD 
over conventional drilling techniques (1,2,6-9), its clini-
cal effect on implant stability during the osseous healing 
period of dental implants installed in low-density bone is 
not clear, therefore the aims of the study were to evaluate 
the effect of implant site preparation in low-density bone 
using OD method in terms of implant stability changes 
during the osseous healing period and peri-implant bone 
density using CBCT.

Material and Methods
This prospective observational clinical study included 
24 patients, who attended the Department of Oral and 
Maxillofacial Surgery at the College of Dentistry, Uni-
versity of Baghdad, for dental implant treatment of mis-
sing teeth, by means of delayed implant placement pro-
tocol during the period extending from December 2018 
to August 2019.
The inclusion criteria were medically fit patients ≥ 18 
years of age including both genders presenting with al-
veolar ridges of sufficient vertical and horizontal dimen-
sions and bone density less than 850 Hounsfield units 
(HU) which corresponds to D3-D5 bone density accor-
ding to Misch bone classification based on CBCT fin-
dings (10).  Patients were excluded from the study when 
they had high bone density (more than 850 HU which 
corresponds to D1and D2), needed augmentation of the 
implant site, showed signs of infection in the proposed 
implant zone, had parafunctional habits such as bruxism 
and clenching, or had local limitations such as inadequa-
te inter-ridge distance.
The institutional Research Ethics Committee approved 
the protocol of this study (protocol reference # 042118) 
and each patient signed an informed consent to parti-
cipate in the study. Prior to the surgical procedure, the 
patients were informed about the nature of the procedure 
and the possible complications that may arise. 
A preoperative CBCT was taken to determine the appro-
priate width and length of the proposed implant and to 

ensure that the average bone density of the cancellous 
bone of the proposed area is less than 850 HU. Also in 
order to assess the effect of OD on bone density, a base 
line measurement of the bone density was recorded from 
the coronal view 1.5 mm apical to the proposed implant 
length to compare it with same area postoperatively 
(Fig. 1).

Fig. 1: Preoperative coronal view of CBCT showing the average 
bone density of the area apical to the proposed implant length (131.6 
Hounsfield unit).

All the surgical procedures were performed under local 
anesthesia, after reflection of a mucoperiosteal flap, the 
implant site was prepared using Densah™ Burs (Ver-
sah Co., LLC., USA) in counterclockwise densification 
mode through the sequential stepped drilling. The dia-
meter of the final drill inserted was 0.5-0.8 mm smaller 
than the implant diameter according to manufacturer 
instructions. The drilling was performed at a speed of 
800 rpm and torque of 35 Ncm under copious irrigation. 
The dental implants (NucleOSS™ T6, Izmir, Turkey) 
were installed into the osteotomy site using the motori-
zed method with the engine set at 50 rpm and 35 Ncm 
torque. A ratchet was used to place the implant to the 
desired depth when the insertion torque required was 
more than 35 Ncm.
After implant placement, primary stability was measu-
red using Periotest® M (Medizintechnik Gulden, Ger-
many), two repeated measurements were obtained for 
each implant and the mean of these two readings was 
recorded as a Periotest value (PTV).
A postoperative CBCT was taken within 7-10 days to 
measure the bone density apical to the implant within 
the same cross sectional view and dimensions of region 
of interest used preoperatively (Fig. 2). A minimum of 
one month was allowed between the pre- and postope-
rative CBCT.
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Fig. 2: Postoperative coronal view of CBCT showing the average 
bone density of the same area shown in figure 1 apical to the implant 
length in the early postoperative period (212.3 Hounsfield unit).

Patients were instructed for follow up visits at 6 and 12 
weeks postoperatively in which implant stability was 
measured in the same manner described in primary sta-
bility measurement. The implant stability measured at 
the 12th week was considered as the secondary stability. 
The patients were referred for final prosthesis construc-
tion after the end of the follow-up period (12 weeks). 
The outcome variables in this study included the implant 
stability immediately after insertion (primary stability), 
at 6 weeks and 12 weeks (secondary stability) posto-
peratively to determine the pattern of implant stability 
changes, the bone density preoperatively and post opera-
tively (after implant insertion) using CBCT to assess the 
effect of OD technique on bone density and the success 
rate of dental implants; success was defined as implants 
that were clinically stable, pain free with no exudates 
after 12 weeks postoperatively (11). 
The statistical analysis was performed using GraphPad 
Prism version 6 for Windows (GraphPad Software, La 
Jolla, CA, USA). Descriptive statistical analysis inclu-
ded calculation of percentages and mean ± standard de-
viation (SD) and inferential analysis included using pai-
red t-test and the probability value <0.05 was considered 
statistically significant.

Results
Twenty-four patients, 17 females (70.8%) and 7 males 
(29.2%) with an age range of 20-66 and a mean age (± 
SD) 43 (±15) years participated in this study, they recei-
ved 46 implants. At the end of this study, 43 implants 
were osseointegrated making the early survival of the 
implants 93.5%.
The distribution of dental implants to the recipient jaws 
was equal where 23 implants (50%) were inserted in the 
mandible and 23 (50%) implants in the maxilla. Implants 

with 4.1 mm diameter were the most commonly used in 
this study (n=26, 56.2%), followed by implants with 3.5 
mm diameter (n=20, 43.8%). With respect to the length, 
10 mm implants were the most frequently used (n=21, 
45.6%), followed by 12 mm implants (n=19, 41.3%) and 
8 mm implants (n=6, 13.1%).
The distribution of dental implants according to bone 
density measurement was as follows; 18 implants 
(39.13%) were inserted in D4 bone (150-350 HU), 15 
implants (32.61%) were inserted in D5 bone (<150 HU) 
and 13 implants (28.26%) were installed in D3 bone 
(350-850 HU).
Most of the implants (n=35, 76.1%) were inserted with 
an insertion torque higher than 35 Ncm, while only 11 
implants (23.9%) were inserted with an insertion torque 
of 35 Ncm. 
The mean postoperative bone density measured at the 
apical area of the implant site (337.6 ±182.9 HU) de-
monstrated a significant increase (p ˂ 0.0001) compa-
red with the mean preoperative density of the same area 
(265.3 ±173.9 HU).   
Of the 43 dental implants that were osseointegrated at 
the end of this study, the primary implant stability was 
-2.7 (± 2.13) PTV, at the 6th week it decreased signifi-
cantly (p ˂ 0.0001) to become 0.7 (± 4) PTV, and at the 
12th week (secondary stability) it increased significantly 
(p ˂ 0.0001) to become -2.1 (± 2.8) PTV. The difference 
between the primary and secondary stability was statis-
tically non-significant (p=0.0814) (Fig. 3). 

Fig. 3: Line chart illustrating the changes in implant stability mea-
sured as periotest values (PTV) throughout the study period.

Discussion 
Achieving satisfactory primary stability in low-density 
bone is difficult because of the poor bone volume around 
the implant surface and higher rates of implant failure 
are reported in these cases (12-14). It is suggested that 
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OD allows bone preservation and condensation through 
compaction autografting during osteotomy preparation, 
increasing the peri-implant bone density, and implant 
mechanical stability (2). The aim of this study was to 
investigate the effect of OD on implant stability changes 
throughout the healing period and to demonstrate the 
densification effect on bone density measured by CBCT 
in the early postoperative period in a low-density bone.
The primary stability achieved in this study is considered 
relatively high compared with that obtained after con-
ventional drilling in low-density bone (15-17). Lahens 
et al. (6) in their animal study found that OD drilling re-
corded superior primary stability measured by insertion 
torque when compared to regular drilling irrespective of 
implant macrogeometry, whereas other studies demons-
trated that OD did not improve primary stability (18,19).
Despite the good primary stability achieved in this study, 
there was a significant drop of stability during the first 
6 weeks of the healing period only to increase signifi-
cantly at 12 weeks compared with the stability measured 
at 6 weeks. This pattern of implant stability change du-
ring the healing period is also evident after implant site 
preparation by conventional drilling, (17,20) the drop in 
implant stability is associated with resorption of bone 
in contact with the implant surface during the first wee-
ks of healing, the resorbed bone is replaced with newly 
formed viable bone which represents the transition of 
the implant stability from mechanical anchorage res-
ponsible for primary stability to biological attachment 
responsible for secondary stability (5). Contrary to this 
observation, some studies reported that stability either 
remained constant or was increased within the first 6 
weeks after insertion using conventional drilling (21).
Assessment of implant stability during the osseous hea-
ling period, in this clinical study, was to determine if OD 
can maintain high stability levels in the early weeks after 
implant insertion thereby facilitating early loading, but 
the significant drop in stability compared with that re-
corded immediately after insertion of implants indicates 
that OD is similar to conventional drilling in this aspect, 
although this needs to be considered cautiously due to 
the lack of a control group to better assess the effect of 
OD on implant stability.
The majority of dental implants in this study were in-
serted with >35 Ncm insertion torque which is in line 
with the other studies (7,22). Lopez et al. (22) demons-
trated, in an animal study, that implants installed after 
preparation with OD required significantly higher levels 
of insertion torque as compared with the regular drilling 
group. 
In this study, the assessment of the effect of OD on bone 
density was confined to the apical area for 2 reasons; 
first, studies found that the direction of bone condensa-
tion with OD was lateral and apical to the implant body 
(2,23). Second, to overcome the effect of buccal and lin-

gual/palatal cortices on the measurement of bone densi-
ty of the cancellous bone (24). This study demonstrated 
that OD technique increased the bone density measured 
by CBCT apical to the implant which is supported by 
other histological studies (2,22,23).
The limitations of this study are mainly associated with 
its observational design and lack of a control group to 
compare the outcome variables between OD and con-
ventional drilling, in addition to its small sample size. 

Conclusions
This study demonstrated that OD resulted in high pri-
mary stability and increased peri-implant bone density, 
but it did not prevent the implant stability drop during 
the first 6 weeks after the insertion of implants. 

References
1. Witek L, Neiva R, Alifarag A, Shahraki F, Sayah G, Tovar N, et al. 
Absence of healing impairment in osteotomies prepared via osseoden-
sification drilling. Int J Periodontics Restorative Dent. 2019;39:65-71.
2. Huwais S, Meyer EG. A novel osseous densification approach in 
implant osteotomy preparation to increase biomechanical primary sta-
bility, bone mineral density, and bone-to-implant contact. Int J Oral 
Maxillofac Implants. 2017;32: 27-36.
3. Tian JH, Neiva R, Coelho PG, Witek L, Tovar NM, Lo IC, et al. 
Alveolar ridge expansion: comparison of osseodensification and con-
ventional osteotome techniques. J Craniofac Surg. 2019;30:607-610.
4. Tretto PHW, Fabris V, Cericato GO, Sarkis-Onofre R, Bacchi A. 
Does the instrument used for the implant site preparation influence 
the bone-implant interface? A systematic review of clinical and animal 
studies. Int J Oral Maxillofac Surg. 2019;48:97-107.
5. Berglundh T, Abrahamsson I, Lang NP, Lindhe J. De novo alveolar 
bone formation adjacent to endosseous implants. A model study in the 
dog. Clin Oral Impl Res. 2003;14:251-262.
6. Lahens B, Neiva R, Tovar N, Alifarag AM, Jimbo R, Bonfante EA, 
et al. Biomechanical and histologic basis of osseodensification drilling 
for endosteal implant placement in low density bone. An experimental 
study in sheep. J Mech Behav Biomed Mater. 2016;63:56-65
7. Oliveira PGFP, Bergamo ETP, Neiva R, Bonfante EA, Witek L, 
Tovar N, et al. Osseodensification outperforms conventional implant 
subtractive instrumentation: A study in sheep. Mater Sci Eng C Mater 
Biol Appl. 2018;90:300-307.
8. Alifarag AM, Lopez CD, Neiva RF, Tovar N, Witek L, Coelho PG. 
A temporal osseointegration: Early biomechanical stability through 
osseodensification. J Orthop Res. 2018;36:2516-2523.
9. Lahens B, Lopez CD, Neiva RF, Bowers MM, Jimbo R, Bonfante 
EA, et al. The effect of osseodensification drilling for endosteal im-
plants with different surface treatments: A study in sheep. J Biomed 
Mater Res B Appl Biomater. 2019;107:615-623.
10. Juodzbalys G, Kubilius M. Clinical and radiological classification 
of the jawbone anatomy in endosseous dental implant treatment. J Oral 
Maxillofac Res. 2013;4:e2.
11. Misch CE, Perel ML, Wang HL, Sammartino G, Galindo-Moreno 
P, Trisi P, et al. Implant success, survival, and failure: the International 
Congress of Oral Implantologists (ICOI) Pisa Consensus Conference. 
Implant Dent. 2008;17:5-15.
12. Bilhan H, Geckili O, Mumcu E, Bozdag E, Sünbüloğlu E, Kutay 
O. Influence of surgical technique, implant shape and diameter on the 
primary stability in cancellous bone. J Oral Rehabil. 2010;37:900-907.
13. Trisi P, Berardini M, Falco A, Podaliri Vulpiani M. New osseo-
densification implant site Preparation method to increase bone den-
sity in low-density bone: in vivo evaluation in sheep. Implant Dent. 
2016;25:24-31. 
14. Podaropoulos L. Increasing the Stability of Dental Implants: The 
Concept of Osseodensification. Balk J Dent Med. 2017;21:133-140.



J Clin Exp Dent. 2020;12(5):e474-8.                                                                                                                                                                                                                              Osseodensification

e478

15. Alsaadi G, Quirynen M, Michiels K, Jacobs R, van Steenberghe D. 
A biomechanical assessment of the relation between the oral implant 
stability at insertion and subjective bone quality assessment. J Clin 
Periodontol. 2007;34:359-366.
16. Oh JS, Kim SG. Clinical study of the relationship between im-
plant stability measurements using Periotest and Osstell mentor and 
bone quality assessment. Oral Surg Oral Med Oral Pathol Oral Radiol. 
2012;113:35-40.
17. Jeong MA, Jung MK, Kim SG, Oh JS. Implant stability measure-
ments in the long-term follow-up of dentis implants: A retrospective 
study with Periotest. Implant Dent. 2015;24:263-266.
18. Wang L, Wu Y, Perez KC, Hyman S, Brunski JB, Tulu U, et al. 
Effects of Condensation on Peri-implant Bone Density and Remode-
ling. J Dent Res. 2017;96:413-420.
19. Almutairi AS, Walid MA, Alkhodary MA. The effect of osseoden-
sification and different thread designs on the dental implant primary 
stability. F1000Research. 2019;898:1-10.
20. Alattar AN, Bede SYH. Does Mixed Conventional/ Piezosurgery 
Implant Site Preparation Affect Implant Stability? J Craniofac Surg. 
2018;29:472-475.
21. Bischof M, Nedir R, Szmukler-Moncler S, Bernard JP, Samson 
J. Implant stability measurement of delayed and immediately loaded 
implants during healing. Clin Oral Implants Res. 2004;15:529-539.
22. Lopez CD, Alifarag AM, Coelho PG. Osseodensification for en-
hancement of spinal surgical hardware fixation. J Mech Behav Biomed 
Mater. 2017;69:275-281.
23. Slete F, Olin P, Prasad H. Histomorphometric Comparison of 3 
Osteotomy Techniques. Implant Dent. 2018;27:1-5.
24. Bergkvist G, Koh KJ, Sahlholm S, Klintström E, Lindh C. Bone 
density at implant sites and its relationship to assessment of bone 
quality and treatment outcome. Int J Oral Maxillofac Implants. 
2010;25:321-328.

Funding
None.

Conflict of interest
The authors declare no conflict of interest.


