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Abstract 
      Biological stability greatly influences osseointegration, which ultimately affects the success of 
implant treatment. Though implant thread design is one important factor influencing implant 
stability, not many studies have analyzed its impact on biological stability. This experimental study 
involving 44 implants evaluated the biological stability of threaded implants with cylindrical (bone-
level; BL) and tapered (bone-level tapered; BLT) designs. Implant stability was evaluated for each 
implant at 3 time parameters using resonance frequency analysis. A mean implant stability quotient 
(ISQ) value was calculated for each measurement time. A significant increase in the ISQ value was 
found at each time parameter consecutively at the time of implant placement one month and 2 
months after implant placement in both implant design groups (P < 0.05). No significant difference 
was noted in ISQ value between the groups at all 3 time parameters (P = 0.05). There was also no 

significant difference in the ISQ value at all 3 time parameters between implants with diameters of 
4.1 mm and 4.8 mm in the BL and BLT implant groups (P = 0.71). The implant thread designs of BL 

and BLT implants did not affect the biological stability. Other factor such as implant diameter also 
did not affect the biological stability in either implant group. 
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 Introduction 

 
 The replacement of missing teeth using 
dental implants has been widely conducted for 
more than 50 years and has been proven able to 
restore function, esthetics, speech, and patient 
confidence.1–3 Since the concept of 
oseointegration was introduced and established 
by Branemark et al. in 1965, dental implants 
have experienced continual revision and 
progress.4–6 One of the factors that contributes to 
the success of dental implant treatment is the 
achievement of osseointegration and stability of 
dental implants. Osseointegration is defined as a 
direct connection between the bone and implant 
surface. The concept of stability of the dental 
implant is divided into primary stability and 
secondary stability. Primary stability is obtained 

by friction and mechanical fixation of the implant 
with surrounding bone immediately after insertion 
of the implant and is related to the quality and 
quantity of bone, surgical technique, implant 
surface area, and design (i.e., shape, diameter, 
length, and thread profile). A high level of primary 
stability guarantees a high resistance of the 
implant to micromovements. Implant should not 
be subjected to micromovements of more than 
50 to 150 μm because such can induce fibrous 
tissue formation around the implant, which 
causes clinical failure. Primary implant stability is 
crucial to achieve at the time of implant 
placement to determine the right time for implant 
loading. Meanwhile, secondary stability is 
generated secondarily by bone formation and 
bone remodeling in the process of 
osseointegration due to biological fixation in the 
interface between bone and implant without the 
interposition of connective tissue and is directly 
dependent on the primary stability.1,4,6–12 

There are several factors that affect the 
success of osseointegration, including quality 
and quantity of the bone, oral hygiene, patient-
related medical risk factors (e.g., systemic 
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diseases or habits such as smoking), implant 
design, and operator skills.1,3,6–9,11–17 Nowadays, 
there are approximately 1,300 different implant 
systems available that vary in shape, dimension, 
bulk and surface material, thread design, 
implant–abutment connection, surface 
topography, surface chemistry, wettability, and 
surface modification. The most common implant 
shapes are cylindrical or tapered.15 Implant 
modification, implant thread design (i.e., shape, 
thread, diameter, length, and thread profile 
depth), increase in implant surface roughness 
with sand-blasting techniques, acid etching, 
anodization, grit-blasting, coating procedures 
with certain materials, lasers, and hydrophilic 
surface modifications of the implant aim to 
accelerate osseointegration and ensure a good 
degree of contact between implants and bones 
(bone–implant contact; BIC) in the long-
term.1,3,5,6,9,13,15,18,19 

The degree of osseointegration can be 
evaluated through the measurement of changes 
in the implant stability. Several studies have 
shown that the resonance frequency value has a 
high correlation with the level of BIC. Such 
findings support the use of resonance frequency 
analysis (RFA) to evaluate the changes in the 

process of osseointegration and bone healing 
after implant placement. The RFA device can 
measure implant stability clinically and 
noninvasively and also estimate the degree of 
osseointegration. The implant stability quotient 
(ISQ) is a measurement unit recorded as a 

number between 1 and 100, with 100 
representing the highest stability.4,7,10,12,20–22 

Several studies suggest that the primary 
stability of tapered screw–type implants is 
significantly higher than that of straight screw–
type implants when measured by the Periotest 
(Medizintechnik Gulden, Modautal, Germany) 
and Osstell device (Osstell AB, Gothenburg, 
Sweden) in bovine rib blocks.20,23 Another study 
showed that there were no significant differences 
in maximum torque value; ISQ value; and 
qualitative and quantitative histologic, 
histomorphometric, and radiographic measures 
when a new tapered screw implant was 
compared with a cylindrical screw implant with 
exactly the same surface area after 4 weeks of 
unloaded healing or 8 weeks of loaded healing in 
the minipig.24 Dard et al. proved that the use of a 
bone-level tapered (BLT) implant together with 
an optimized drill procedure was able to obtain 

good primary stability in variable-density PUR 
foam blocks simulating bone types 1 through 4 
as well as ex vivo in pig ribs and in vivo in pig 
mandibles.25 However, not many studies exist 
that have analyzed the effect of implant thread 
design on biological stability. Biological stability is 
one of the important factors in the success of 
implant treatment. This study focuses on 
examining biological stability because the 
formation of such illustrates the beginning of 
osseointegration, which is characterized by the 
apposition of bone to the implant after implant 
placement.26 It is essantial to conduct the 
evaluation of osseointegration during the healing 
process of bone tissue and the results of such 
can become clues in the initial diagnosis of 
implant failure. The present study aimed to 
evaluate the effect of implant thread design on 
biological stability. We hope in the future that the 
results of this study can provide 
recommendations for further treatment planning. 

 
 Materials and methods 
 

This study was approved by the Ethics 
Committee of the Faculty of Dentistry, University 
of Indonesia (no. 13/ethical 
approval/FKGUI/III/2019). This was an 
experimental study with a sample size of 44 
implants, including 22 bone-level (BL) implants 
and 22 bone-level tapered (BLT) implants. This 
study was performed by 2 prosthodontist 
operators at 2 private clinics from June to 
November 2019. The implant placements were 
all carried out with the same standard operating 
procedure. The inclusion criteria were: (1) 
minimum age of 18 years old, (2) had tooth loss 
in the posterior mandible indicated for single 
dental implant placement, (3) possessed good 
oral hygiene, (4) had no history of systemic 
diseases that could affect the alveolar bone 
remodeling process and bone healing, (5) had no 
history of heavy smoking (i.e., more than 10 
cigarettes per day), (6) had good local (bone and 
soft tissue) condition with no requirement for 
bone grafting and soft tissue manipulation 
procedure, and (7) was able to attend follow-up 
visits at one month and 2 months after implant 
placement. The exclusion criterion was refusal to 
participate in this study. 

The study treatment protocols were 
explained to all patients and written informed 
consent was obtained prior to their participation 
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in the study. Before implant treatment, all 
patients were screened based on an interview 
sheet and diagnosis chart by an experienced 
clinician. They filled in a questionnaire that 
documented their general and dental health 
conditions. Clinical and radiological examinations 
were then carried out to assess local bone and 
soft tissue conditions (e.g., the size of the 
alveolar ridge or inflammatory signs). 
Two different implant thread designs were placed 
using standard surgical protocols: the Straumann 
sandblasted large grits and acid etching (SLA) 
BL implant (Straumann, AG, Basel, Switzerland) 
or the Straumann SLA BLT implant (Straumann, 
AG, Basel, Switzerland) (Figure 1). Both were 
made of a titanium–zirconium alloy (Roxolid; 
Straumann, AG, Basel, Switzerland) with surface 
treatment conducted via SLA treatment. The BL 
implants were totally parallel-walled while BLT 
implants were parallel-walled only at the coronal 
half of the implant body and then tapered for the 
apical half with the presence of self-cutting 
features. The implant measured 10 mm long and 
the diameters ranged from 4.1 to 4.8 mm. 
Postsurgical instructions consisted of amoxicillin 
(500 mg 3 times daily for one week), 
acetaminophen (500 mg 4 times daily) and 
chlorhexidine digluconate mouthwash (0.12% 
twice daily for 2 weeks). No provisional 
prostheses were used during the observation 
period. Implant stabilities were measured at the 
time of implant placement and at one and 2 
month(s) after implant placement, using the RFA 
method. For this purpose, the Osstell device was 
used. The scale of measurement was ISQ with a 
value from 1 to 100. Measurements were made 
in the buccolingual and mesiodistal directions. 
The 3 times measurements were performed. 
Mean ISQ values of the 3 measurements were 
taken at each observation time point. 
 

 

Figure 1. Implant thread designs. A. BL: bone 
level. B. BLT: bone-level tapered 27 
 Statistical analysis 

 Univariate analysis was performed to 
observe the distribution of the subjects. The 
Statistical Package for Social Sciences version 
22.0 software program (IBM Corp., Armonk, NY, 
USA) was used to analyze the data. General 
linear model (GLM) repeated measures were 
used to compare the stability of the 2 different 
implant thread designs at the time of implant 
placement and one and 2 month(s) after implant 
placement, with P value less than 0.05 is 

considered to be statistically significant. 
 
Results 

 
Among the 44 single dental implants 

placed at 2 prosthodontist private clinics from 
June to November 2019, clinically, there were no 
postoperative complications. Treated areas 
showed no alterations, and good wound-healing 
was observed at 7 days postsurgery. 

The 2 implant thread designs used in this 
study were spread evenly with a percentage of 
50.0% each. Most implants used in this study 
had a diameter of 4.1 mm (72.7%) relative to 4.8 
mm (27.3%) (Table 1). 

 

 
Table 1. Frequency and distribution of the study 

subjects based on implant type and diameter. 
BL: bone level; BLT: bone-level tapered. 

 
 The results of this study showed that the 
ISQ value for BL implants increased significantly 
both at the time of initial examination (62.28 ± 
4.66), then at one month after (71.45 ± 5.10) and 
2 months after (75.91 ± 3.39) implant placement. 
The results of this study also suggested that the 
ISQ value for BLT implants increased 
significantly at the initial examination (64.06 ± 
4.78), at one month after (74.44 ± 3.74) and at 2 
months after (80.27 ± 3.21) after implant 
placement (Table 2). 
 Intergroup tests (between subjects) 
revealed no significant differences in the ISQ 

A 
B 
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values that existed between BL and BLT implant 
system groups, with P = 0.05 (Table 3). 

 
Table 2. ISQ values within groups of BL and BLT 

implant types. 
BL: bone level; BLT: bone-level tapered 
* statistical test results using the GLM repeated measures test; 
significance at p < 0.05 

 

 
Table 3. ISQ values between groups of BL and 
BLT implant types. 
BL: bone level; BLT: bone-level tapered. 

 
 The results of multivariate statistical 
analysis with GLM repeated measures showed 
that there was no significant difference in the ISQ 
value between 4.1- and 4.8-mm diameter 
implants in both the BL and BLT implant groups 
at the time of implant placement when compared 
with at one month and 2 months, with P = 0.71 

(Table 4). 
 

 
Table 4. Effect of implant diameter on ISQ values 
on BL and BLT implant types. 
BL: bone level; BLT: bone-level tapered. 
 
 Discussion 
 

This study was an experimental study that 
aimed to analyze the biological stability of 2 
different implant thread designs at 3 different 
time parameters, specifically at the time of 
implant placement and one month and 2 months 
after implant placement. 

There was a significant increase in the 
ISQ value between at the time of placement and 
one and 2 month(s) after implant placement 
groups consecutively in both the BL and BLT 
implant systems, with P < 0.05 (Table 2). This 

might indicate that the process of 
osseointegration that occurs during the healing of 
bone tissue had begun within 2 months. 
According to the literature, secondary stability 
begins to increase within 4 weeks after implant 
placement and requires 3–6 months for the 
healing process to be unloaded to achieve 
optimal stability. This study was performed 
involving the mandible posterior region. Based on 
the research of Misch, most of the mandible 
posterior region presents bone quality types 2 
and 3 with percentages of 50% and 46%, 
respectively. The results of this study were in line 
with research conducted by Kim et al. (2009), 
where the quality of bones type 2, 3, and 4 
experienced a big change in stability between 
Weeks 0 and 6.3,4,28 

The ISQ value in this study continued to 
increase at both measurement of one month and 
2 months after implant placement. Based on 
previous research from McCullough and 
Klokkevold (2017), the ISQ value initially 
decreased from Week 0 to Weeks 3 to 4 after 
implant placement. This indicates a period of 
bone remodeling that results in a temporary 
decrease in implant stability. One of the factors 
that can affect the level and duration of bone 
remodeling is the design of the implant thread 
including several other factors such as pitch, 
depth, and shape of the thread.29 In addition to 
the design of the implant, the surface 
characteristics of the implant can also affect the 
stability of the implant. Several methods of 
surface modification have been carried out to 
improve implant osseointegration, involving 
chemical means and the deposition of calcium 
phosphate layers with fluoride and zinc ions. 
There are 4 categories of bioactive agents 
superimposed onto the surface of titanium 
implants, which are biocompatible ceramics, 
proteins and bioactive growth factors, ions, and 
polymers. This bioactive layer forms a substrate 
for bone deposition and actively interacts with the 
osseointegration process.28 The present study 
used Straumann BL and BLT implants with SLA 
surface modification. This surface treatment 
shows high predictability and can accelerate 
osseointegration.30 This might cause an increase 
in the value of ISQ during measurements at one 
month and 2 months after implant placement. 

In this study, the comparison of ISQ 
values between BL and BLT implant types 
showed no significant difference (Table 3). The 
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results of this study are in line with research 
conducted by Cochran and Obrecht (2016) was 
conducted in minipigs and which stated that due 
to the identical half-coronal part thread design of 
BL and BLT implants, the ISQ value has no 
significant difference between the two implant 
types. In addition, both implant systems have the 
same surface characteristics as well as the 
presence of a very osteoconductive SLA surface, 
resulting in relatively the same osseointegration 
in both types of implants.24,29,30 Although it did not 
show a statistically significant value, the ISQ 
value of BLT implants presented a higher mean 
value when compared with BL implants. This 
might have been caused by the self-tapping 
effect from the BLT implant design, which 
eliminates the use of surgical taps during 
implant-site preparation, thereby increasing 
primary stability and implant success.31 

Although this study demonstrated that the 
ISQ value for 4.8-mm diameter implants tends to 
be higher than that of 4.1-mm diameter implants 
in both BL and BLT implant systems, there was 
no statistical difference found between the 
diameter (Table 4). Several factors such as the 
same implant design, the condition of the 
alveolar bone that is controlled (without bone 
graft), and standardized treatment procedures 
may have influenced the results. Previous 
studies only focused on the effect of implant 
diameter on primary stability; the effect of implant 
diameter on biological stability has not been 
much studied before. Research by Barikani et al. 
and Bilhan et al. showed that implant diameter 
did not affect primary stability. Barikani et al. 
stated that the diameter of the implant will affect 
stability when combined with the length of the 
implant, but the results are obtained at an implant 
length of 15 mm. Implants with a diameter of 
more than 4 mm did not provide a significant 
increase in the value of stability, thus, implants 
with a regular diameter (regular platform) can 
give a satisfactory result. Further, the use of 
implants with a diameter that is not too large can 
leave a thicker alveolar bone in the buccal and 
lingual parts, having a positive effect on the 
resistance of the implant.32,33 
 

 Conclusions 
 
1. This study concluded that the implant thread 

designs of BL and BLT implants did not affect 
the biological stability based on RFA ISQ 
value measurements. 

2. Both implant types presented a significant 
increase in the ISQ value at all 3 time 
parameters considered. 

3. This study also found that the diameter of the 
implant did not affect the biological stability in 

both the BL and BLT implant groups. 
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