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Introduction
Osseointegration is the formation of a structural and 
functional bone-to-implant interface, without soft tissue 
interference, where bone metabolism is challenged by 
a foreign body that induces stress/strain in the peri-
implant tissue and triggers highly integrated and complex 
immunomodulated inflammatory reactions, eventually 
leading to new bone formation.1,2

Achieving the best degree of primary stability during 
surgery, defined as bone-to-implant biomechanical 
engagement with a micromotion < 150 μm, is necessary 
for successful osseointegration and to predict loading 
time.3,4 Clinically, the degree of implant stability can be 
estimated by the insertion torque (IT) values using surgical 
handpieces or obtaining implant stability quotients (ISQ) 
using resonance frequency analysis. IT values > 35 Ncm 
or ISQ values > 68 have been considered reasonable for 
predictable osseointegration and earlier loading.5 These 
values should be achieved after implant placement and 
maintained over the initial course of osseointegration.

According to bone elastic properties, there is a linear 
relationship between the interfacial stress distribution 
during implant installation and the respective peri-

implant tissue strain due to frictional forces. Therefore, 
bone density in the peri-implant vicinity, implant macro-
geometry, and related surgical instrumentation are critical 
morphometric predictors of IT and healing kinetics.6,7

A series of studies have investigated the relationship 
between such factors, where the mismatch between 
the implant and the bone walls around it dictates the 
course of osseointegration around the metallic device 
through predominantly interfacial bone remodeling, 
predominantly intramembranous-like healing, or 
hybrid healing pathways, which affects the rate at which 
secondary stability occurs.8,9 

Some of the newest tools introduced are 
counterclockwise drills that are used to increase bone 
density, which is currently known as osseodensification 
(OD). In the clockwise direction, they also have the 
efficiency of conventional drills. OD drills include a non-
subtractive method that increases bone density while 
expanding the implant site.10

The relatively new OD osteotomy preparation technique 
has prompted a paradigm shift in implant site preparation 
through a multi-step drilling concept using uniquely 
designed burs that cause the lateralization of autogenous 
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Background. This study aimed to compare insertion torque (IT) and implant stability quotient 
(ISQ) values immediately and three months after surgery with standard drilling (SD) and 
osseodensification (OD) drilling methods.
Methods. In this prospective study, 39 implants with the same diameter and length were placed 
in 21 patients using SD (23 implants) and OD (16 implants) methods in the posterior maxilla. The 
amounts of IT after surgery and ISQ after surgery and three months later were evaluated. The data 
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ISQ was determined by the two-way repeated-measures ANOVA at a significance level of 0.001.
Results. Immediately after surgery, the amount of IT using the OD drilling method was 37% 
higher than the SD drilling (P < 0.001). ISQ values after surgery did not show a significant 
difference between SD and OD (P1 < 0.176). Three months after surgery, the ISQ values in 
both groups were not significantly different. ISQ values for all OD and SD group experimental 
parameters remained above the threshold value of 68. IT values showed a positive correlation 
with ISQ values at baseline.
Conclusion. In the present study, the OD technique provided a higher IT rate after surgery 
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bone into the surrounding cancellous structure and 
expand the surrounding bone space by rolling and sliding 
contact with controlled bone deformation, all with 
minimal heat elevation.10,11

This OD technique is based on bone’s elastic and plastic 
properties to preserve bone and its density. As a result, 
grafting autograft bone material to the trabecular space 
and increasing its density may be especially useful in 
clinical scenarios with low bone quality.

This OD10 technique is based on the bone elastic and 
plastic properties, which causes bone bulk preservation 
and compaction, resulting in the autografting of an 
osseous material into the trabecular space and increasing 
its density, which might be especially useful in clinical 
scenarios with poor bone quality.11,12

Preclinical biomechanical and histological data have 
shown significantly higher IT and temporal removal 
torque for OD compared to standard conventional drilling 
(SD).10,13,14 According to the results of torque removal 
measurements during the healing period, preparation 
using the OD method is suggested due to biomechanical 
advantages.13 

Therefore, this study compared OD and SD methods on 
the implant’s insertion torque (IT) and ISQ.

Methods
Study design
This study was designed as a prospective evaluation to 
investigate the influence of two osteotomy techniques, OD 
(test group) and SD (control group), on clinical implant 
osseointegration parameters after the surgery and three 
months later, according to CONSORT guidelines. 

The procedures followed the ethical standards of 
the responsible committee of human experimentation 
(institutional and national) and with the Helsinki 
Declaration of 1975, as revised in 2008.

Since osteotomy (SD and OD) were the independent 
variables evaluated, the minimum sample size was 
calculated with a two-sample t-test (PASS2) to obtain a 
5% α error and 20% β error within an effect size of 18 at 
n = 8 implants, which was increased by 20% to account for 
potential losses and refusals. Approximately 20 implants 
were required per factor (20 OD, 20 SD), totaling at least 
40 implants.

Choosing a surgical technique that improves 
implant stability is very important to achieve successful 
osseointegration, especially in areas where bone quality is 
compromised, such as the posterior region of the maxilla; 
hence, techniques to achieve predictable primary stability 
are needed. OD is among the recent well-evaluated 
techniques for achieving primary dental implant stability. 
This study used the original kit by Versah Company 
(USA) for site preparations.

Patients needing dental implants in the posterior 
maxilla were recruited from 2021 to 2022. All the 
patients were subjected to a preliminary evaluation that 
included a careful review of their medical and dental 

histories, detailed clinical examination, and evaluation 
of oral hygiene. Inclusion criteria included patients at 
least 18 years of age, sufficient residual bone volume for 
implant placement without needing bone augmentation, 
where the minimum ridge height and width should be ≥ 9 
and ≥ 6 mm, respectively, healed sites with at least 4 months 
of post-extraction period. The exclusion criteria were 
alcoholism, smoking, use of illicit drugs, heart diseases, 
diabetes, previous bone regenerative or augmentation 
procedures, bleeding disorders, compromised immune 
system, irradiated patients, and previous or active 
treatment with steroids or bisphosphonates.

All the patients underwent radiographic evaluations, 
including periapical radiographs and cone-beam 
computerized tomography scans before implant 
placement for surgical planning and assessment of bone 
dimensions around the implantation site. The implant 
system utilized had an internal conical connection, 
tapered macro-geometry, and a sandblasted surface: 
MEGAGEN ANYONE (South Korea).

Each patient received a detailed description of the study 
protocol, and after completing the written consent form, 
the population was studied.

The operator performing the IT and ISQ readings was 
blinded as to the drilling protocol used. 

Surgical technique
The patients were instructed to rinse with 0.2% 
chlorhexidine solution for 1 minute and expectorate. After 
these preoperative procedures were completed, sterile 
surgical drapes were used to cover the patient’s chest to 
minimize the potential contamination from extraoral 
sources. The surgical procedure was performed under 
local anesthesia (lidocaine with 1:100 000 epinephrine). 
After local anesthesia was achieved, full‐thickness surgical 
flaps were elevated, and implant osteotomies were 
performed with the assistance of saline irrigation. The 
osteotomies were performed at 1100 rpm using sequential 
burs of similar diameter for both surgical techniques 
(SD conventional burs or OD drilling burs) and with 
a maximum torque of 50 Ncm. The instrumentation 
was performed according to the recommended drilling 
protocols for each implant system, either by SD, as 
recommended by specific implant company protocols, or 
by OD, as recommended by the densifying reference guide 
for each specific implant system. The insertion of the 
implants was initiated with the motor handpiece, without 
irrigation, at 20–50 rpm. Installation was completed with 
a manual surgical torque wrench indicator. In both the 
case and control groups, the implants were placed 1 mm 
subcrestal, and their diameter and length were 4 × 10. 
IT values were recorded as the maximum torque value 
(Ncm) reached the termination of implant insertion.

After the final seating of the implant, a Smartpeg specific 
for the implant system and restorative platform diameter 
was used for each implant, and a resonance frequency 
analysis was performed using an MEGA ISQ (Megagen, 
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South Korea) to record ISQ values in all implant surfaces. 
New, sterile healing abutments were inserted after the 
implant installation, and the incision was sutured to 
close the wounds. These sutures were removed 10 days 
postoperatively.

ISQ values were also recorded after 3 months of healing 
during follow‐up visits. Healing abutments were placed 
after surgery so subsequent ISQ readings could be readily 
obtained. After healing, an impression of the implant’s 
spatial positioning and orientation was made, and the 
final restoration was fabricated according to the respective 
clinical scenario.

All the patients were instructed to follow a soft and 
tepid diet in the first three days after surgery, along with 
instructions for oral hygiene. They received a prescription 
for amoxicillin (500 mg, one tablet every 8 hours for 
7 days), starting 1 hour before surgery. The rationale for 
this sequencing of measurements comes from derived 
curves of primary versus secondary stability development, 
suggesting that decreased stability is generally expected 
3–5 weeks after implantation.

Statistical analysis
In this research, after data collection, two-way repeated-
measures ANOVA was used to calculate IT and ISQ in 
two groups at different times due to the data’s normal 
distribution.

This study was designed as a prospective evaluation 
and investigated the effect of the osteotomy technique at 
the time of implant placement and three months later on 
the clinical parameters of osseointegration, according to 
CONSORT guidelines.

Results
Twenty-one patients, including 10 women and 11 men, 
with an average age of 40 years, meeting the inclusion 
criteria, participated in this study. In total, 39 implants were 
placed in the posterior maxilla, including 18 OD implants 
and 20 SD implants with the same diameter (4 mm).

In general, the final healing of the implants proceeded 
without any signs of inflammation or infection of the 
tissues around the implant and the mobility of the implant 
in the second stage of surgery.

Twenty implants in each group were statistically 
analyzed. In follow-ups, two patients (two implants) 
could not cooperate and were excluded from the study.

The results showed that at the time of surgery, the 
amount of IT by the OD drilling was 37% higher than 
the SD drilling (50.31 ± 5.90 Ncm vs. 36.09 ± 11.07 Ncm) 
(P < 0.001), which was statistically significant (P < 0.001).

ISQ values at the time of surgery did not show any 
significant difference between the SD and OD groups 
(76.13 ± 6.07 vs. 71.74 ± 2.42) (P1 < 0.134 and P1 < 0.176). 
After three months, ISQ values in both groups did 
not change much or show a significant difference. 
(75.13 ± 6.44 vs. 73.43 ± 1.67) (P4 < 0.488 and P4 < 0.471) 
(Table 1). ISQ values for OD and SD groups were high at 

baseline and remained high continuously. ISQ values for 
all OD and SD experimental parameters remained above 
the threshold value of 68. IT values showed a positive 
correlation with ISQ values at zero time. 
 
Discussion
Selecting surgical instrumentation which improves 
implant stability in the alveolar bone is necessary for 
successful osseointegration.7,8,14,15 Historically, curves 
of primary versus secondary stability have suggested 
decreased stability 2–4 weeks after surgery.16 

An alternative approach has been proposed and 
developed to overcome the limitations of the standard 
method. Instead of removing bone particles in 
conventional SD techniques, it has been proposed that 
an OD drilling sequence preserves bone by compacting 
the particles into the osteotomy wall.10,11 Studies have 
indicated significantly higher biomechanical and 
histomorphometric parameters for the OD method 
compared to the conventional SD method in temporal 
investigations.10,13,17

This clinical trial investigated the effect of SD and OD 
methods on IT and ISQ immediately after surgery and 
three months later in implants placed in the posterior 
maxilla. IT and ISQ are two clinically accepted parameters 
to determine implant primary stability, where both higher 
IT and ISQ values are positive indicators for implant 
stability, which can be necessary for immediate loading 
and osseointegration. ISQ is an efficient indicator that 
compares subsequent measurements at set time intervals. 
This objective measure is independent and incomparable 
to the IT value obtained during surgery.

This study showed that the OD technique increases 
the primary stability and bone volume on the implant 
surface by creating a layer of mineralized bone around the 
osteotomy site, which was also reported by Bergamo et al.18

Data analysis showed higher IT values in OD than 
in SD. Successful osteotomy means that the implant is 
placed in a three-dimensional position with appropriate 
biomechanical stability, is prepared with accurate 
measurements and a series of drills, and is protected from 
damage caused by overheating.7 Achieving high levels of 
biomechanical stability is strongly required in clinical 
practice to accommodate the current tendency toward 
early loading protocols, especially for low-density bone 
types.19,20

OD preserves the bone in two ways: densifying 
cancellous bone with viscoelastic and plastic deformation 
and autograft densification of bone particles along the 
length and apex of the osteotomy.10

Table 1. Average values of ISQ (implant stability quotient) immediately after 
surgery and three months later with OD and SD methods

Group type/P value After surgery Three months later

OD group (n = 18) 76.13 ± 6.44 75.13 ± 6.44

SD group (n = 20) 71.74 ± 6.44 73.43 ± 6.4

P value P1 < 0.134 P4 < 0.471
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Therefore, the OD method has been demonstrated to 
improve bone quality as osteotomy size is expanded and 
guarantees greater levels of physical interlocking at the 
implant interface.10,13,17,21, 22

The maximized biomechanical behavior of the 
OD method is the use of specially designed drills for 
osteotomy, which use bone elastic and plastic properties 
while applying time-dependent stresses (forces) to create 
a time-dependent strain (deformation), compacting bone 
particles into the trabecular space instead of removing 
them.10,11 Such a technique has shown a sealing/bridging 
into the intra-thread spaces as a result of the reversed 
compression exerted by the bone spring-back effect 
created by the residual elastic strain generated during 
the osteotomy, without the excessive stress that would 
lead to extensive remodeling and decreased stability of 
conventional press-fit undersized preparations.10,12,18

Counterclockwise rotation of the drill causes the drill to 
slide on the bone surface with less force than the ultimate 
strength of the bone. The interfacial stress distribution 
and the peri-implant tissue strain, due to frictional 
forces resulting from the interplay between osteotomy 
and macro geometry during implant placement, have 
been shown to control the mechanical interlocking 
necessary for increased primary stability and bone healing 
response.7,8,14,15 Bone tissue tolerates certain levels of 
compressive strain, even beyond the yield point, without 
affecting the osseointegration, which, through the elastic 
behavior, improves the physical engagement, resulting 
in higher IT and ISQ values. However, when the strain 
level is markedly higher than the yield point, the plastic 
deformation and the presence of microcracks may trigger 
extensive interfacial bone remodeling and decrease 
primary stability.7,8,14,15,23

The implant’s stability depends on the direct contact 
between the surface of the implant and the bone so that 
micromotion is reduced at this interface. If a microfracture 
occurs, bone regeneration may take three months or more 
to repair damaged bone.

Historically, using the SD method, the wider the 
osteotomy, the greater the amount of extracted bone, 
which creates an increased strain level generated by the 
interplay between implant and bone. This may result in 
more bone remodeling healing.7,23,24

OD provides a balance between maintaining bone 
volume and higher implant stability due to the spring-
back effect without creating a “misfit” and undersized 
osteotomies.25

Based on the review study by Tretto et al,25 who 
compared the SD technique with OD, OT (osteotome), PD 
(piezoelectric), and LS (laser), SD was not different from 
other techniques in terms of bone-to-implant contact, but 
the OD technique was higher in IT, RT (removal torque), 
and ISQ. Unlike the present study, there was no significant 
difference in ISQ. All the biomechanical assessments 
showed significant benefits in the OD group, including 
higher RT and IT and increased primary and secondary 

stability. In one study, peri-implant bone volume was 
significantly higher in the OD group.

Also, in Bergamo and colleagues’18 study, OD compared 
to SD increased the primary stability of the implant and 
the bone density. Unlike the present study, ISQ increased 
significantly in OD compared to SD. This clinical study 
on 56 patients examined variables such as mandible or 
maxilla, anterior or posterior, jaw, and implant size.

The animal study of Huwais and Meyer10 investigated the 
effect of OD on primary stability, bone density, and bone-
to-implant contact. As in the present study, IT increased 
significantly (twice) in the OD technique compared to SD, 
and no significant differences in ISQ were shown between 
the three groups. Although the same drill was used for 
extraction and OD drilling, the osteotomy diameters of 
OD were smaller than the other two techniques due to 
the spring-back effect. The percentage of bone around 
the OD group was almost three times that of the standard 
technique.

An animal study by Lahens et al24 investigated the 
effect of OD on primary stability and osseointegration 
of endosteal implants in low-density bone: SD, clockwise 
(CW) OD, and counterclockwise (CCW) OD with 
Densah. As in the present study, IT showed higher values 
for OD (100 Ncm) than SD (25 Ncm). Also, the bone-
to-implant contact was significantly higher (BIC). As a 
result, endosteal implants show higher IT in bone with 
low density when placed in OD drilling sites. Unlike the 
present study, ISQ was not investigated.

Mello-Machado et al16 compared implant stability in 
low-quality bone by OD and SD techniques. Sixteen 
individuals with D3 or D4 bone density were randomly 
distributed to receive implants. IT and ISQ were measured 
immediately after implant placement. ISQ was evaluated 
after six months. As in the present study, the OD group 
showed higher IT than SD. ISQ values were similar to 
those in the present study. After six months, implant 
survival was similar in both groups, and ISQ values were 
higher. Unlike the present study, ISQ remained stable 
after three months.

In an animal study, Trisi et al26 evaluated the OD 
technique to prepare the implant site; 10 implants were 
placed using the SD method, and 10 were placed using the 
OD method. No failures were observed after two months. 
A significant increase in ridge width and percentage of 
bone volume (BV percentage) (approximately 30% more) 
was observed in the OD group. Significantly better RT 
values were recorded for the OD group than for the SD 
group. The present in vivo study showed that it could 
increase the percentage of BV around implants placed in 
low-density bone compared to the SD technique, which 
might increase implant stability and reduce micromotion. 
Unlike the present study, IT and ISQ were not measured. 
Pai et al27 conducted a systematic review to analyze 
whether the OD method has advantages over conventional 
osteotomy regarding bone density and primary stability. 
A total of 195 articles were collected and screened using 



Moghaddas and Banazadeh

J Adv Periodontol Implant Dent. 2025;17(2) 63

inclusion and exclusion criteria. It was observed that the 
use of Densah burs for OD caused undersized osteotomy 
compared to conventional burs. It also improved bone 
density and increased the percentage of bone volume and 
bone-to-implant contact, improving implant stability.

According to the results, the current study also had 
limitations that must be considered for future studies. 
In this study, only the posterior maxilla was evaluated, 
and the anterior region was not considered. Other 
limitations of the present research include the number of 
patients. Even though the current data showed that OD 
improved the rapid performance of SD in accelerating 
osseointegration and improving primary and secondary 
stability, long-term prospective studies are needed to 
evaluate implant stability in different clinical scenarios in 
different types of bone and different sizes of micro- and 
macro-geometry implants.

Conclusion
The results showed that OD by maintaining bone 
structure and volume and increasing bone density was 
effective in improving and increasing the stability of the 
implant compared to the SD method, making it possible 
for the implant to be passively placed in the prepared site 
without causing stress despite its high stability.

Authors’ Contribution
Conceptualization: Omid Moghaddas.
Formal analysis: Vanda Banazadeh.
Investigation: Vanda Banazadeh.
Methodology: Omid Moghaddas.
Resources: Vanda Banazadeh.
Project administration: Omid Moghaddas.
Software: Vanda Banazadeh.
Supervision: Omid Moghaddas.
Validation: Omid Moghaddas.
Visualization: Omid Moghaddas, Vanda Banazadeh.
Writing-original draft: Vanda Banazadeh.
Writing-review & editing: Omid Moghaddas, Vanda Banazadeh.

Competing Interests 
The authors declare that they have no competing interests.

Data Availability Statement
Detailed data of this study is available.

Ethical Approval 
This study was approved by the ethical committee of Islamic Azad 
University, Dental Branch, Tehran under approval ID: IR.IAU.
DENTAL.REC.1401.1402.

Funding
This study was self-funded, and there has been no significant 
financial support for this work that could have influenced its 
outcomes.
 
References
1. Brånemark PI, Hansson BO, Adell R, Breine U, Lindström J, 

Hallén O, et al. Osseointegrated implants in the treatment of 
the edentulous jaw. Experience from a 10-year period. Scand 
J Plast Reconstr Surg Suppl. 1977;16:1-132.

2. Trindade R, Albrektsson T, Tengvall P, Wennerberg A. Foreign 
body reaction to biomaterials: on mechanisms for buildup and 

breakdown of osseointegration. Clin Implant Dent Relat Res. 
2016;18(1):192-203. doi: 10.1111/cid.12274.

3. Faot F, Bielemann AM, Schuster AJ, Marcello-Machado 
RM, Del Bel Cury AA, Nascimento GG, et al. Influence 
of insertion torque on clinical and biological outcomes 
before and after loading of mandibular implant-retained 
overdentures in atrophic edentulous mandibles. Biomed Res 
Int. 2019;2019:8132520. doi: 10.1155/2019/8132520.

4. Walker LR, Morris GA, Novotny PJ. Implant insertional 
torque values predict outcomes. J Oral Maxillofac Surg. 
2011;69(5):1344-9. doi: 10.1016/j.joms.2010.11.008.

5. Gallucci GO, Benic GI, Eckert SE, Papaspyridakos P, 
Schimmel M, Schrott A, et al. Consensus statements and 
clinical recommendations for implant loading protocols. 
Int J Oral Maxillofac Implants. 2014;29 Suppl:287-90. doi: 
10.11607/jomi.2013.g4.

6. Albrektsson T, Chrcanovic B, Östman PO, Sennerby L. Initial 
and long-term crestal bone responses to modern dental 
implants. Periodontol 2000. 2017;73(1):41-50. doi: 10.1111/
prd.12176.

7. Stocchero M, Toia M, Cecchinato D, Becktor JP, Coelho PG, 
Jimbo R. Biomechanical, biologic, and clinical outcomes of 
undersized implant surgical preparation: a systematic review. 
Int J Oral Maxillofac Implants. 2016;31(6):1247-63. doi: 
10.11607/jomi.5340.

8. Bonfante EA, Jimbo R, Witek L, Tovar N, Neiva R, Torroni A, et 
al. Biomaterial and biomechanical considerations to prevent 
risks in implant therapy. Periodontol 2000. 2019;81(1):139-
51. doi: 10.1111/prd.12288.

9. Berglundh T, Abrahamsson I, Lang NP, Lindhe J. De novo 
alveolar bone formation adjacent to endosseous implants. Clin 
Oral Implants Res. 2003;14(3):251-62. doi: 10.1034/j.1600-
0501.2003.00972.x.

10. Huwais S, Meyer EG. A novel osseous densification approach 
in implant osteotomy preparation to increase biomechanical 
primary stability, bone mineral density, and bone-to-implant 
contact. Int J Oral Maxillofac Implants. 2017;32(1):27-36. doi: 
10.11607/jomi.4817.

11. Wu D, Isaksson P, Ferguson SJ, Persson C. Young’s modulus 
of trabecular bone at the tissue level: a review. Acta Biomater. 
2018;78:1-12. doi: 10.1016/j.actbio.2018.08.001.

12. Alifarag AM, Lopez CD, Neiva RF, Tovar N, Witek L, Coelho 
PG. Atemporal osseointegration: early biomechanical stability 
through osseodensification. J Orthop Res. 2018;36(9):2516-
23. doi: 10.1002/jor.23893.

13. de Oliveira PG, Bergamo ET, 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;90:300-7. doi: 10.1016/j.
msec.2018.04.051.

14. Raghavendra S, Wood MC, Taylor TD. Early wound healing 
around endosseous implants: a review of the literature. Int J 
Oral Maxillofac Implants. 2005;20(3):425-31.

15. Lahens B, Lopez CD, Neiva RF, Bowers MM, Jimbo R, Bonfante 
EA, et al. The effect of osseodensification drilling for endosteal 
implants with different surface treatments: a study in sheep. J 
Biomed Mater Res B Appl Biomater. 2019;107(3):615-23. doi: 
10.1002/jbm.b.34154.

16. Mello-Machado RC, de Almeida Barros Mourão CF, Javid K, 
Ferreira HT, Montemezzi P, Calasans-Maia MD, et al. Clinical 
assessment of dental implants placed in low-quality bone sites 
prepared for the healing chamber with osseodensification 
concept: a double-blind, randomized clinical trial. Appl Sci. 
2021;11(2):640. doi: 10.3390/app11020640.

17. Huwais S, Mazor Z, Ioannou AL, Gluckman H, Neiva R. A 
Multicenter Retrospective Clinical Study with Up-to-5-Year 
Follow-up Utilizing a Method that Enhances Bone Density 
and Allows for Transcrestal Sinus Augmentation Through 

https://doi.org/10.1111/cid.12274
https://doi.org/10.1155/2019/8132520
https://doi.org/10.1016/j.joms.2010.11.008
https://doi.org/10.11607/jomi.2013.g4
https://doi.org/10.1111/prd.12176
https://doi.org/10.1111/prd.12176
https://doi.org/10.11607/jomi.5340
https://doi.org/10.1111/prd.12288
https://doi.org/10.1034/j.1600-0501.2003.00972.x
https://doi.org/10.1034/j.1600-0501.2003.00972.x
https://doi.org/10.11607/jomi.4817
https://doi.org/10.1016/j.actbio.2018.08.001
https://doi.org/10.1002/jor.23893
https://doi.org/10.1016/j.msec.2018.04.051
https://doi.org/10.1016/j.msec.2018.04.051
https://doi.org/10.1002/jbm.b.34154
https://doi.org/10.3390/app11020640


Moghaddas and Banazadeh

 J Adv Periodontol Implant Dent. 2025;17(2)64

Compaction Grafting. Int J Oral Maxillofac Implants. 
2018;33(6):1305-11. doi: 10.11607/jomi.6770.

18. Bergamo ET, Zahoui A, Barrera RB, Huwais S, Coelho PG, 
Karateew ED, et al. Osseodensification effect on implants 
primary and secondary stability: multicenter controlled 
clinical trial. Clin Implant Dent Relat Res. 2021;23(3):317-28. 
doi: 10.1111/cid.13007.

19. Gallardo YN, da Silva-Olivio IR, Gonzaga L, Sesma N, Martin 
W. A systematic review of clinical outcomes on patients 
rehabilitated with complete-arch fixed implant-supported 
prostheses according to the time of loading. J Prosthodont. 
2019;28(9):958-68. doi: 10.1111/jopr.13104.

20. Adell R, Lekholm U, Rockler B, Brånemark PI. A 15-year study 
of osseointegrated implants in the treatment of the edentulous 
jaw. Int J Oral Surg. 1981;10(6):387-416. doi: 10.1016/s0300-
9785(81)80077-4.

21. Cheng Q, Su YY, Wang X, Chen S. Clinical outcomes 
following immediate loading of single-tooth implants in the 
esthetic zone: a systematic review and meta-analysis. Int J 
Oral Maxillofac Implants. 2020;35(1):167-77. doi: 10.11607/
jomi.7548.

22. Coelho PG, Jimbo R, Tovar N, Bonfante EA. Osseointegration: 
hierarchical designing encompassing the macrometer, 
micrometer, and nanometer length scales. Dent Mater. 
2015;31(1):37-52. doi: 10.1016/j.dental.2014.10.007.

23. Beutel BG, Danna NR, Granato R, Bonfante EA, Marin C, Tovar 
N, et al. Implant design and its effects on osseointegration 
over time within cortical and trabecular bone. J Biomed Mater 
Res B Appl Biomater. 2016;104(6):1091-7. doi: 10.1002/
jbm.b.33463.

24. 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. doi: 10.1016/j.jmbbm.2016.06.007.

25. Tretto PH, 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(1):97-107. doi: 10.1016/j.ijom.2018.04.005.

26. Trisi P, Berardini M, Falco A, Podaliri Vulpiani M. New 
osseodensification implant site preparation method to 
increase bone density in low-density bone: in vivo evaluation 
in sheep. Implant Dent. 2016;25(1):24-31. doi: 10.1097/
id.0000000000000358.

27. Pai UY, Rodrigues SJ, Talreja KS, Mundathaje M. 
Osseodensification - a novel approach in implant dentistry. 
J Indian Prosthodont Soc. 2018;18(3):196-200. doi: 10.4103/
jips.jips_292_17.

https://doi.org/10.11607/jomi.6770
https://doi.org/10.1111/cid.13007
https://doi.org/10.1111/jopr.13104
https://doi.org/10.1016/s0300-9785(81)80077-4
https://doi.org/10.1016/s0300-9785(81)80077-4
https://doi.org/10.11607/jomi.7548
https://doi.org/10.11607/jomi.7548
https://doi.org/10.1016/j.dental.2014.10.007
https://doi.org/10.1002/jbm.b.33463
https://doi.org/10.1002/jbm.b.33463
https://doi.org/10.1016/j.jmbbm.2016.06.007
https://doi.org/10.1016/j.ijom.2018.04.005
https://doi.org/10.1097/id.0000000000000358
https://doi.org/10.1097/id.0000000000000358
https://doi.org/10.4103/jips.jips_292_17
https://doi.org/10.4103/jips.jips_292_17

