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Abstract (J Korean Assoc Oral Maxillofac Surg 2019;45:29-33)
Objectives: Bone density seems to be an important factor affecting implant stability. The relationship between bone density and primary and secondary stability remains under debate. The aim of this study was to compare primary and secondary stability measured by resonance frequency analysis
(RFA) between different bone types and to compare implant stability at different time points during 3 months of follow-up.
Materials and Methods: Our study included 65 implants (BioHorizons Implant Systems) with 3.8 or 4.6 mm diameter and 9 or 10.5 mm length in
59 patients. Bone quality was assessed by Lekholm–Zarb classification. After implant insertion, stability was measured by an Osstell device using RFA
at three follow-up visits (immediately, 1 month, and 3 months after implant insertion). ANOVA test was used to compare primary and secondary stability between different bone types and between the three time points for each density type.
Results: There were 9 patients in type I, 18 patients in type II, 20 patients in type III, and 12 patients in type IV. Three implants failed, 1 in type I and
2 in type IV. Stability values decreased in the first month but increased during the following two months in all bone types. Statistical analysis showed
no significant difference between RFA values of different bone types at each follow-up or between stability values of each bone type at different time
points.
Conclusion: According to our results, implant stability was not affected by bone density. It is difficult to reach a certain conclusion about the effect of
bone density on implant stability as stability is affected by numerous factors.
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I. Introduction
Dental implants are considered as a treatment for completely or partially edentulous patients, with a success rate
of 98%1. Successful treatment depends on patient-related
parameters and the surgical procedure2. Preoperative assessLeila Khodadadifard
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ment of available bone and its quality affects the selection of
surgical technique and implant site and design, which will
improve the success rate of implantation3,4. Some authors
have attributed the higher success of mandibular implants to
its better bone quality5. Bone density relates to its biomechanical features, which depend on many other factors including
mineralization and structure. Many classifications have been
suggested for bone density6, and the most common one is a
4-type scale proposed by Lekholm–Zarb classification. This
assortment is based on radiographic evaluation and bone
resistance assessed by the surgeon while drilling7. Implant
stability is affected by bone quality and quantity as well as
implant design and operative technique2. The authors suggest
that implant stability is one of the important prerequisites for
osteointegration8,9. Different methods have been proposed
for evaluation of implant stability. Although percussion and
radiographic assessment are commonly used, their results are
not always reliable even in cases of fibrous encapsulation10.
29

J Korean Assoc Oral Maxillofac Surg 2019;45:29-33

Periotest values and resonance frequency analysis (RFA)
respectively measured by periotest and Osstell device are additional methods for evaluation of implant stability11.
Studies have shown that measurement of implant stability with RFA is reliable, noninvasive, and can be used at any
time after implant insertion12. The aim of this study was to
compare primary and secondary stability measured by RFA
between different bone types and to compare implant stability
at different time points during 3 months of follow-up.

II. Materials and Methods
1. Patients
This study enrolled 59 patients (30 men and 29 women)
who were referred to the Department of Periodontics, College
of Dentistry, Mashhad University of Medical Science (Mashhad, Iran) from April to June 2017 and who had a mean age
of 54±12 years. All patients signed informed consent before
surgery. The protocol of the study and consent were confirmed by the ethics committee of Mashhad University of
Medical Sciences (approval no. IR.mums.sd.REC.1394.158).
Patients with uncontrolled systemic diseases, immunodeficiency, who were contraindicated for implant surgery and
cone-beam computed tomography (CBCT) imaging, and who
needed bone graft before implant placement were excluded
from the study. CBCT imaging was done for all subjects; using these images, they were classified into 4 types based on
Lekholm–Zarb classification: type I, compact homogenous
bone; type II, thich layer of cortical bone encircles a core
of dens trabecular bone; type III, thin layer of cortical bone
encircles a core of dens trabecular bone; and type IV, very
thin layer of cortical bone encircles a core of trabecular bone
with low density. Type I was seen in 9 patients, type II in 18
patients, type III in 20 patients and type IV in 12 patients.

times a day, for 7 days), gelofen (400 mg, four times a day,
for 7 days, in case of pain) and chlorohexidine 0.2% mouth
wash were prescribed.
3. Resonance frequency analysis
RFA was measured by an Osstell instrument (Integration
Diagnostics, Göteborg, Sweden) at baseline (immediately
after insertion) and 1 and 3 months after surgery.(Fig. 1)
For this measurement, a transducer with 8.5 mm length was
placed on the fixtures. The resonance frequency (RF) transducer consisted of two piezoceramic elements attached to an
offset cantilever beam. Stimulation of the elements causes
vibration of the beam. The stimulating signal is a sinusoid
wave with frequency of 5 to 15 Hz and amplitude peak of 1 V.
RF values are recorded as implant stability quotient (ISQ) on
a scale from 1 to 100.
4. Statistical analysis
ANOVA and Kruskal–Wallis test were used for comparison
of ISQ between different bone densities at each time point
and also between density types at different time points. Kolmogrov–Smirnov test for normal distribution and post hoc
(Tukey) test for pair-comparison were used. Statistical analysis was performed using SPSS (ver. 16; SPSS Inc., Chicago,
IL, USA) and P <0.05 was considered significant.

III. Results
This study enrolled 59 patients (29 women and 30 men)

2. Surgical procedure
All the patients were premedicated with chlorohexidine
0.2% mouth rinse before surgery. After local anesthesia,
crestal incision was performed, and the full periosteal flap
was elevated. The 65 tapered bone level implants (BioHorizons Implant Systems, Brimingham, AL, USA) had 3.8 or
4.6 mm diameter and 9 or 10.5 mm length. The healing abutment was placed, and the flap was tied with 4-0 silk suture.
All procedures were performed by the same surgeon with a
certain non-submerged protocol. Amoxicillin 500 mg (three
30

Fig. 1. Measurment of implant stability by an Osstell device (Integration Diagnostics) immediately after installation.
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RFA measurment of implant stability

Table 1. Implant stability quotient (ISQ) immediately after insertion
Bone type

ISQ value

I
II
III
IV
P -value

77.21±4.25
74.40±2.12
76.61±3.45
73.50±4.43
0.124

Values are presented as mean±standard deviation.
Lekholm–Zarb classification: type I, compact homogenous bone; type
II, thich layer of cortical bone encircles a core of dens trabecular bone;
type III, thin layer of cortical bone encircles a core of dens trabecular
bone; and type IV, very thin layer of cortical bone encircles a core of
trabecular bone with low density.

Table 3. Implant stability quotient (ISQ) three months after insertion
Bone type
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80
78

74

68.60±2.13
70.50±2.78
72.74±2.45
69.13±2.65
0.431

72
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ISQ

ISQ value

Values are presented as mean±standard deviation.
Refer to Table 1 for the definition of bone types.

Type I
Type II

Type III
Type IV

76

Table 2. Implant stability quotient (ISQ) one month after insertion
I
II
III
IV
P -value

74.23±2.54
76.10±3.23
78.70±3.75
73.46±3.32
0.094

Values are presented as mean±standard deviation.
Refer to Table 1 for the definition of bone types.
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Bone type

ISQ value

I
II
III
IV
P -value

70
68
66
64
62
0

1

3

Follow-up time (mo)

with an age range of 35 to 78 years (mean, 54±12 years). In
these patients, 65 implants were inserted in different regions.
According to Lekholm–Zarb classification, patients were
categorized into 4 types: Types I to IV had 9, 18, 20, and 12
patients, respectively. In our study, 3 implants failed (1 in
type I and 2 in type IV). At implant installation, the mean
ISQ value was 77.21±4.25 in type I, 74.40±2.12 in type II,
76.61±3.45 in type III, and 73.50±4.43 in type IV.(Table
1) One month after implant insertion, the mean ISQ values
were 68.60±2.13, 70.50±2.78, 72.74±2.45, and 69.13±2.65 in
types I to IV, respectively.(Table 2) The mean ISQ values at
the 3-month follow-up were 74.23±2.54 in type I, 76.10±3.23
in type II, 78.70±3.75 in type III, and 73.46±3.32 in type
IV.(Table 3) According to statistical analysis, these values
were not significantly different at any time point (P >0.05).
The implant stability of each bone type at baseline, 1 month,
and 3 months after insertion were compared and showed no
statistically significant difference (P >0.05).(Fig. 2)

IV. Discussion
Implant stability is one of the most important factors for
successful implant treatment and seems to be crucial for osteointegration, especially for immediate loading. Primary sta-

Fig. 2. Mean implant stability quotient (ISQ) values of buccolingual
measurements by an Osstell instrument (Integration Diagnostics)
in each bone type at different follow-up times. Refer to Table 1 for
the definition of bone types.
Naser Sargolzaie et al: The evaluation of implant stability measured by resonance frequency analysis in different bone types. J Korean Assoc Oral Maxillofac Surg 2019

bility is a mechanical phenomenon, while secondary stability
is the result of a biological event (osteointegration)13. Studies
have shown that factors including bone density, implant size
and design, and operative technique may influence implant
primary stability14. On the other hand, secondary stability depends on ossification around the implant fixture15. According
to our results, for all bone types, stability values decreased
during the first month and increased in the following two
months. However, these changes were not statistically significant.
Many authors have described changes of implant stability
over time. Most of these studies showed a similar pattern of
consecutive reduction and increase in ISQ value. There remains debate on the timing of stability changes. Studies have
reported an ISQ reduction period from the 1st to 8th week
after implant installation16-18. According to Simunek et al.17,
only implants with low primary stability showed increase of
ISQ during the healing period, while implants with high pri-
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mary stability showed reduction of stability values. Martinez
et al.19 showed that primary stability was different among
various bone densities, but secondary stability was similar.
Farré-Pagés et al.1 found a significant relationship between
bone density according to Lekholm–Zarb classification and
ISQ value; as a result, implant stability in type I was significantly higher than other types. Turkyilmaz et al.20, Ikumi and
Tsutsumi21, and Friberg et al.22 showed a significant relationship between bone density and primary and secondary stability. The results of studies have not been consistent about the
relationship among bone density and primary and secondary
stability. For example, in a study by Beer et al.2, there was no
statistically significant relationship between bone density and
primary stability. In another study, Simunek et al.17 could not
show a significant relationship between bone type and primary stability or primary and secondary stability. Similarly,
in the present study, primary and secondary stability were not
significantly difference among various bone types. A recent
review article reported that results on the relationship between bone density and implant stability were not consistent,
and this controversy could be attributed to diverse methodology of studies, different descriptions and evaluation of bone
quality, and different methods of stability assessment23. Various implant sizes and designs could be another source of difference, as implants with greater diameter have higher primary stability due to additional bone-to-implant contact (BIC).
Also, tapered implants have higher primary stability because
of greater diameter at the crestal region19. Implant surface
modification is another possible source of difference and may
have an effect on osteointegration and BIC24. Although Han
et al.18 did not find a relationship of implant surface modification and diameter with ISQ value. Regardless of the relationship between density and primary and secondary stability, it
seems that implants with primary stability lower than a critical limit cannot achieve secondary stability. Different critical
limits have been proposed, although ISQ <50 is considered
an acceptable limit for primary stability, and successful integration could be possible in this group. Implants with ISQ
>60 had more chance of successful osteointegration25,26. In
our study, failure was seen in all three implants with primary
stability of ISQ <50.

V. Conclusion
According to our results, stability decreased during the
first month and increased in the following two months for all
bone types. These changes were not statistically significant.
32

The ISQ values of all bone types were not statistically significant different at each time point. Studies have not shown
consistent results on the relationship between bone density
and implant stability. Due to various methodologies for stability measurement, density classification, different follow-up
times, and diverse implant surface and design, it is very challenging to reach a conclusion about the importance of stability in osteointegration. The effects of other factors, especially
implant surface and design and surgical technique, on the
relationship between primary stability and osteointegration
should be evaluated in future studies.
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