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INTRODUCTION 
The goal of implant placement is to achieve osseointegration for 
which it is well established that primary implant stability is a critical 
factor [1-3]. Primary stability of dental implants is determined by 
multiple variables, including the quality and quantity of bone, implant 
macro and micro architecture and the surgical technique used 
during placement. The primary stability is defined as the biometric 
stability achieved at the time of implant insertion and is regarded as 
an important prognostic marker for implant success. 

Primary implant stability plays an important role in limiting micro
movements of the implant and promotes direct contact between 
the bone and the implant surface. It is commonly evaluated using 
IT values and the ISQ. These two parameters are widely accepted 
biomechanical indicators for assessing implant stability and are 
considered reliable, non-invasive methods for measurement [4]. 
The implant IT refers to the amount of force required to place 
a dental implant into osteotomised site and this value can be 
measured only at the time of implant placement [4]. The ISQ is 
measured through Resonance Frequency Analysis (RFA), this 
technique measures the vibration frequency of implant within the 
surrounding bone and allows stability to be assessed at different 
stages after placement. Achieving good primary implant stability is 

often difficult in bones with low density, particularly in D3 and D4 
bone types. 

The importance of surgical technique modification arises from 
previous research [5]. The high implant failure rate reported in 
low density bone can be substantially reduced by modifying the 
surgical protocol and  increase the success rates up to 93-97% 
[6]. Therefore, careful surgical planning and execution are crucial 
for a successful outcome in low density bone. There are various 
modifications in the surgical techniques to increase primary stability. 
The most commonly advocated is under sized drilling technique.

The recent techniques such as osseodensification improve the 
quality of the osteotomy by densifying the surrounding bone. This 
technique has been shown to achieve higher levels of implant 
stability compared to the conventional subtractive drilling technique 
[7-10]. Cone Beam Computed Tomography (CBCT) has showed 
a significant increase in the bone density around the implants 
placed with osseodensification technique postoperatively [11]. 
The Osseodensification technique requires a set of special drills for 
implant placement with the conventional twist drills, a modification 
in the drilling depth and sequence to achieve implant stability in the 
low-density bone is required. Hence, a hybrid modified under-drilling 
technique is proposed with the aim to locally optimise the bone 
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ABSTRACT
Introduction: Primary implant stability is a critical factor in 
successful osseointegration. It is influenced by several variables 
such as bone density, implant design, and the surgical technique 
employed. The surgical technique plays a particularly crucial 
role in low-density bone.

Aim: To evaluate the primary stability of implants placed 
using the proposed drilling technique, the osseodensification 
technique, and the standard drilling technique in low-density 
bone.

Materials and Methods: This randomised clinical study was 
conducted in the Department of Implantology, Rajarajeswari 
Dental College and Hospital, Bengaluru Karnataka, India, from 
March 2022 to February 2023. A total of 57 participants (75 dental 
implants - 40 in maxilla and 35 in mandible) were enrolled and 
randomly assigned to one of the three drilling protocol groups, 
group I- Proposed drilling protocol (n=25 implants) were placed 
and group II- Osseodensification technique (n=25 implants) and 
group III- Standard drilling technique (n=25 implants). Insertion 
Torque (IT) and Implant Stability Quotient (ISQ) were measured as 
a measure of primary stability. Descriptive statistics were used 

to measure IT, Resonance Frequency Analysis (RFA) value in 
terms of mean and standard deviation for each group. One-way 
Analysis of Variance (ANOVA) test followed Tukey’s post-hoc test 
was used to compare the mean IT and RFA between the three 
groups. The level of significance was set at p-value <0.05. 

Results: This study included 57 patients, of whom 34 were 
females and 23 were males, with an age range of 20–62 years 
and a mean age of 41 years. The mean Insertion Torque (IT) value 
in group I was 46.75±4.94 Ncm, in group II was 43.25±3.73 Ncm, 
and in group III was 31.50±4.01 Ncm. Group I demonstrated a 
significantly higher mean IT compared to group II (p=0.03) and 
group III (p<0.001). Additionally, group II showed a significantly 
higher mean IT compared to group III (p<0.001). The mean 
Implant Stability Quotient (ISQ) in group I was 65.90±3.74, in 
group II was 60.83±3.29, and in group III was 56.78±3.25. Group 
I demonstrated a significantly higher mean ISQ compared to both 
group II and group III (p<0.001).

Conclusion: Primary stability of implants placed in low-
density bone was enhanced with the proposed drilling 
and osseodensification techniques when compared to the 
conventional drilling technique.
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density in low density bone is proposed. An ex-vivo study was done 
to compare the proposed drilling technique with osseodensification 
and standard drilling technique which showed increase in primary 
stability with proposed drilling technique [12]. The results of this ex-
vivo study served as basis for the present clinical study. 

Therefore, the current study aimed to compare and evaluate the 
primary stability of dental implants placed in low-density bone 
using the proposed drilling technique and the osseodensification 
technique in comparison with the standard drilling protocol, by 
assessing IT values and ISQ.

The proposed technique is a hybrid under-drilling approach, in 
which the apical half of the osteotomy is under-prepared while the 
coronal half undergoes full osteotomy preparation. This design 
facilitates lateral and apical bone condensation in the apical region, 
enhancing primary stability, while the fully prepared coronal portion 
accommodates the implant crest module without inducing undue 
stress concentration at the crestal bone. This technique aims to 
improve the primary stability and preserve the marginal bone, 
thereby improving the long-term success of the implant which has 
to be clinically studied.

MATERIALS AND METHODS
A randomised clinical trial was conducted on patients who reported 
to the Department of Implantology, Rajarajeswari Dental College 
and Hospital, Bengaluru, Karnataka, India, for the replacement of 
missing teeth with implant-supported prostheses over a period of 
one year, from March 2022 to February 2023. The Institutional Ethics 
Committee approval (RRDCH/IEC21/49) was obtained and an 
informed consent was taken from all the patients to participate in the 
study. CTRI registration was done for this clinical trial the registration 
number is CTRI/2022/02/040695 [Registered on: 28/02/2022].

Sample size calculation: The sample size has been estimated using 
the GPower software v. 3.1.9.4 (Franz Faul, Universität Kiel, Germany) 
Considering the effect size to be measured (f) at 40% - a larger effect 
size (based on the pilot study results with ISQ as the parameter of 
interest for estimating the sample size), power of the study at 80% 
and the alpha error at 5%, the sample size needed is 66. Considering 
15% drop out of patients during the follow-up period, the final sample 
size is inflated to 75 implants. Each study group will comprise of 25 
samples (25 samples x three groups = 75 implants).

Inclusion criteria: Medically fit patients of both genders, 18 years 
of age and above, requiring implant placement in the maxillary and/
or mandibular posterior region, with sufficient horizontal and vertical 
bone dimensions (minimum bone width ≥ 6.5 mm and bone height 
≥13 mm to accommodate standard implant dimensions without 
additional augmentation). Edentulous sites with low-density bone 
(D3-D4 according to Misch bone classification), corresponding to< 
850 Hounsfield Units (HU) on CBCT evaluation, were included [10].

Exclusion criteria: Patients presenting with high-density bone (D1 
and D2); implant sites with a history of previous bone augmentation; 
presence of active infection or pathology at the proposed implant 
site; patients with parafunctional habits. 

Study Procedure
A preoperative CBCT was taken to assess bone density. All 
implants were placed by the same surgeon and implant sites were 
maxilla and mandible posterior region. Dental implants of dimension 
4.2x11.5 mm of MIS SEVEN XDTM internal hexagon Implant system 
was standardised in the study. The study adhered to the consort 
guidelines for documentation.

Each participant was randomly assigned using lottery method 
(1:1:1ratio) to one of the three drilling protocol groups, 25 implants 
were placed Proposed drilling protocol (group I) and 25 implants 
with Osseodensification technique (group II) and 25 implants with 
Standard drilling technique (group III). 

Drilling protocol•	

Group I: Proposed drilling protocol (n=25 implants), the drilling 
sequence was 2 mm and 2.4 mm drills to prepare the osteotomy up 
to 11.5 mm length. Subsequently, 3.2 mm and 3.65 mm drill were 
used to prepare coronal half of the osteotomy, i.e., 50% of the total 
implant length at 900 rpm and torque of 35 Ncm [6].

Group II: Osseodensification technique (n=25 implants), the 
Universal drills with a tapered design (Densah Bur, Versah LLC, 
Jackson, MI, USA) was used. The initial pilot drill was with 2 mm in 
clockwise direction followed by 2.3 mm, 2.5 mm, 2.8 mm, 3 mm, 
3.3 mm, 3.5 mm and 3.8 mm drill in counterclockwise at 800 rpm 
up to the full depth.

Group III: Standard drilling protocol (n=25 implants), the sequence 
drilling was 2 mm, 2.4 mm, 3.2 mm, 3.65 mm, 4 mm up to 11.5 mm 
in length at 950 rpm and 35 Ncm torque.

The dental implant was placed into the osteotomy site using the 
motorised method at 45 rpm and 35 Ncm torque and final implant 
position was done manually. 

Outcome measured: The implant primary stability parameters 
like IT value were measured with ratchet and ISQ was measured 
using Penguin RFA system (International Diagnostics Sweden AB, 
Goteborg, Sweden). The resonance frequency was measured on 
mesial, distal, buccal and lingual sides of the implant with no contact 
technique and average was taken as a reference for analysis. 
the Consolidated Standards of Reporting Trials (CONSORT) flow 
diagram is shown in [Table/Fig-1]. 

[Table/Fig-1]:	 CONSORT flow chart.

STATISTICAL ANALYSIS
Statistical Package for Social Sciences (SPSS) for Windows Version 
22.0 Armonk, NY: IBM Corp., was used to perform statistical 
analyses. Descriptive Statistics analysis includes expression of 
IT, Primary ISQ values in terms of Mean and SD for each group. 
Inferential Statistics analysis includes One-way ANOVA Test followed 
by Tukey’s Post-hoc Test was used to compare the mean IT, Primary 
ISQ values between three groups. The level of significance was set 
at p-value <0.05.

RESULTS
A total of 57 patients, 34 females, and 23 males with an age range 
of 20-62 years (mean age 41 years) participated in the study. A total 
75 dental implants were placed, 40 in maxilla and 35 in mandible. 
Out of which, 58 implants were placed in D3 bone (350-850 HU) 
and 17 implants in D4 bone (150-350 HU).

The mean IT values in group I was 46.75±4.94 Ncm, group II was 
43.25±3.73 Ncm and in group III was 31.50±4.01 Ncm [Table/Fig-2,3].
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(I) Groups (J) Groups
Mean Diff. 

(I-J)

95% CI for the Diff.

p-valueLower Upper

Group I
Group II 3.5 0.26 6.74 0.03

Group III 15.25 12.01 18.49 <0.001

Group II Group III 11.75 8.51 14.99 <0.001

[Table/Fig-4]:	 Multiple comparison of mean difference of Insertion Torque (IT) 
values b/w groups using Tukey’s post-hoc test.

Groups n Mean±SD Min-Max p-value

Group I 25 65.90±3.74 61.0-75.0

<0.001Group II 25 60.83±3.29 50.0-65.5

Group III 25 56.78±3.25 47.0-59.5

[Table/Fig-5]:	 Comparison of mean primary Implant Stability Quotient (ISQ) values 
between three groups using One-way ANOVA test.

(I) Groups (J) Groups
Mean Diff. 

(I-J)

95% CI for the Diff.

p-valueLower Upper

Group I
Group II 5.075 2.462 7.688 <0.001

Group III 9.125 6.512 11.738 <0.001

Group II Group III 4.05 1.437 6.663 <0.001

[Table/Fig-7]:	 Multiple comparison of mean difference of primary Implant Stability 
Quotient (ISQ) values b/w groups using Tukey’s post-hoc test.

[Table/Fig-8]:	 Preoperative CBCT showing edentulous region i.r.t 36 region (with 
D3 bone).

Comparison of Mean Insertion Torque (IT) (Ncm) values between three groups 
using One-way ANOVA test

Groups n Mean±SD Min-Max p-value

Group I 25 46.75±4.94 40-60

<0.001Group II 25 43.25±3.73 35-50

Group III 25 31.50±4.01 20-35

[Table/Fig-2]:	Comparison of mean Insertion Torque (IT) values between the three 
groups.

[Table/Fig-3]:	 Bar diagram showing comparison of mean Insertion Torque (IT) values 
between the three groups.

Multiple comparison of mean differences between groups 
revealed that group I demonstrated significantly highest mean IT 
as compared to group II and group III and the mean differences 
were statistically significant at p=0.03 and p<0.001, respectively. 
This was then followed next by group II which showed significantly 
higher mean IT as compared to group III and the mean difference 
was statistically significant at p<0.001. This indicates that the mean 
IT was significantly highest in group I, followed by group II and least 
in group III [Table/Fig-4].

The mean primary ISQ values in group I was 65.90±3.74 ISQ, group 
II was 60.83±3.29 ISQ and in group III was 56.78±3.25 ISQ [Table/
Fig-5,6]. 

The clinical and radiographic images from group III using standard 
drilling protocol are shown in [Table/Fig-8,9]. Representative clinical 
and radiographic images corresponding to each group are shown 
in [Table/Fig-8-13] 

[Table/Fig-6]:	 Bar diagram showing Mean primary Implant Stability Quotient (ISQ) 
values between the three groups.

[Table/Fig-9]:	 a) Implant placed I.r.t 36 region using standard drilling protocol; b) 
Measurement of primary Implant Stability Quotient (ISQ) using RFA.

Multiple comparison of mean differences between groups revealed 
that group I demonstrated significantly highest mean primary 
ISQ values as compared to group II and group III and the mean 
differences were statistically significant at p<0.001, respectively. 
This was then followed next by group II which showed significantly 
higher mean primary ISQ values as compared to group III and the 
mean difference was statistically significant at p=0.001. This infers 
that the mean primary ISQ values were significantly highest in group 
I, followed by group II and least in group III [Table/Fig-7].
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technique, and 31.50 Ncm for the standard drilling technique. The 
proposed drilling technique demonstrated significantly higher IT 
compared to the other two techniques.

Lopez CD et al., in an animal study compared osseodensification 
with standard drilling technique. The mean IT in osseodensification 
was higher than that in the standard drilling technique [15]. 

Comuzzi L et al., in an in-vitro study, compared standard protocol 
to Osseodensification technique and observed Osseodensification 
produces a positive influence on primary stability in poor density 
bone [7]. The results of the present study are also in accordance 
with this study. Huwais S and Meyer E compared three different 
surgical techniques: Standard technique, clockwise drilling with 
Densah burs and Osseodensification with Densah burs. It was 
found that mean IT, Removal torque was almost double with 
Osseodensification when compared to standard drilling protocol [9]. 
The proposed drilling protocol produced higher IT values compared 
to osseodensification technique. 

A systematic review on influence of different implant placement 
techniques to improve primary stability in low density showed that 
undersized drilling improved the initial implant stability in low density 
bone [16]. The present study also proposes a similar under sized 
drilling technique which produced similar results. 

The mean ISQ in the present study with proposed drilling techniques 
was 65.90±3.74 ISQ, 60.83±3.29 ISQ in osseodensification 
technique and 56.78±3.25 ISQ in standard drilling protocol. 

The proposed technique is a hybrid under-drilling approach, in 
which the apical half of the osteotomy is under-prepared while the 
coronal half undergoes full osteotomy preparation. This design 
facilitates lateral and apical bone condensation in the apical region, 
enhancing primary stability, while the fully prepared coronal portion 
accommodates the implant crest module without inducing undue 
stress concentration at the crestal bone. This technique aims to 
improve the primary stability and preserve the marginal bone, 
thereby improving the long-term success of the implant which 
has to be clinically studied. According to Tabassum A et al., in a 
study found implants inserted with 5% and 15% under sized drilling 
protocol compared to 25% had higher bone implant contact [6].

It was observed that undersized drilling not only increased primary 
stability but also translocated bone particles on to the implant surface 
increasing bone implant contact and favouring a positive osteogenic 
response which was confirmed with histologic examination, micro 
Computed Tomography (CT), scanning electron microscopy and 
measurement of calcium deposition on the surface of implant.

Degidi M et al., in an ex-vivo study compared conventional drilling 
protocol with undersized protocol and found that 10% undersized 
protocol was ideal further reduction did not improve the primary 
stability [2].

Alghamdi H et al., in a clinical study, comparing undersized drilling 
with standard drilling technique in low density bone and found that 
undersized drilling technique enhanced the primary stability and its 
overall survival [1].

Various studies comparing bone compactors versus osseoden
sification drills showed higher ISQ values with osseodensification 
[11,17-19]. The osseodensification technique is a non subtractive 
technique, auto-compacting the bone, leading to increase in 
the bone volume around the implant thereby increasing primary 
stability, bone mineral density of the bone at the implant surface 
Barberá-Millán J et al., compared osseodensification with 
conventional under drilling in an in-vitro study The mean IT and RFA 
(The mean RFA was 65.16±7.45 ISQ in Under drilling technique 
group and 69.75±6.79 ISQ in Osseodensification group) was 
higher in Osseodensification technique [8]. Huwais S and Meyer 
E compared the osseodensification with standard drilling showed 
significantly higher removal torque of ISQ values compared to 

The clinical and radiographic images from group II using 
Osseodensification technique are shown in [Table/Fig-10,11]. 

[Table/Fig-10]:	Preoperative CBCT showing edentulous region I.r.t 25,26 region 
(with D3 bone).

[Table/Fig-11]:	a) Implant placed I.r.t 25, 26 region using osseodensification tech-
nique; b) Measurement of primary Implant Stability Quotient (ISQ).

[Table/Fig-12]:	Preoperative CBCT showing edentulous region I.r.t 46 region (with 
D3 bone).

[Table/Fig-13]:	a) Implant placed I.r.t 46 region using proposed drilling technique; 
b) Measurement of primary Implant Stability Quotient (ISQ) using RFA.

DISCUSSION
Achieving primary stability is essential for osseointegration and the 
ultimate success of dental implants. In dense bone, predictable 
primary stability is usually attainable; however, in low-density bone, 
it often poses a challenge. Friberg B et al., first proposed that under-
drilling the implant site may enhance primary stability in such cases 
[13]. To increase the primary implant stability in low density bone, 
summers proposed bone condensing technique using condensers 
after the pilot drill [14]. This study proposes a hybrid under-drilling 
approach for osteotomy preparation aimed at enhancing primary 
stability in areas of low bone density.

Mean IT values observed in this study were 46.75 Ncm for the 
proposed drilling technique, 43.25 Ncm for the osseodensification 

[Table/Fig-12,13] show the clinical and radiographic images from 
the proposed drilling protocol are shown in [Table/Fig-12,13].
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is pivotal. The proposed drilling technique demonstrated outcomes 
comparable to those of the osseodensification technique. The 
Proposed technique presents a viable alternative for improving 
primary stability in low-density bone.
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A systematic review and meta-analysis on prognosis of dental 
implants in patients with low density bone reported implant 
placement in low density bone requires modification in the surgical 
technique, when it is adopted provided equivalent implant stability, 
survival as in the higher density bone [24].

In the present clinical study, the relationship between IT value, ISQ a 
measure of primary stability with three different surgical techniques 
in low density bone were assessed. The higher stability results were 
obtained with proposed drilling technique and osseodensification 
technique compared to standard drilling technique. These results are 
consistent with clinical studies which conclude bone condensation 
techniques improve primary stability in low density bone Similar 
findings have been reported in clinical studies demonstrating 
improved primary stability with modified surgical techniques 
[25,26].

In osseodensification technique the bone is condensed in the 
apical and lateral to implant body whereas in the proposed 
drilling technique the bone condensation occurs lateral and 
apical to the implant in the apical half of the osteotomy, thereby 
achieving primary stability and also allows optimum bone 
healing for osseointegration without excessive pressure along 
the implant surface. The full range of osteotomy at the coronal 
half of the osteotomy site accommodates crest module of 
implant without undue stress. This should preserve the marginal 
bone and evaluation of this requires long-term follow-up of the 
patients. From the biomechanical point this hybrid technique 
not only enhances primary stability but also should preserve 
crestal bone in the long-term. CBCT of the planned implant 
site provides a valuable insight into bone density; this guides 
us to select an appropriate surgical technique. In case of low-
density bone, surgical technique may be modified to provide 
a better primary stability The proposed hybrid under-drilling 
technique can be implemented using the standard surgical kit 
and has demonstrated a level of primary stability comparable 
to that achieved with Osseodensification- a technique that 
typically requires specialised drills. Based on the results of the 
current study, this proposed approach is an alternate approach 
in Misch’s D3 and D4 bone.

Limitation(s)
The present study only assessed the primary stability of the 
implant placed in low density bone with proposed drilling 
technique, osseodensification and standard drilling technique. 
However, long-term follow-up to assess the secondary stability 
and marginal bone response to mechanical loading with larger 
sample size is desired. 

CONCLUSION(S)
Based on the findings of the present study, it can be concluded that 
in low-density bone, modifying the conventional surgical technique 
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