
INTRODUCTION 

Osseointegration, which was defined by Bra"nemark1 in
1985, is essential for the clinical success of the implant-driven
restoration.2 Therefore, measuring the implant stability is an
important method for evaluating the success of an implant.3 The
implant stability can be classified into two categories: primary
stability, which can be acquired while inserting the implant,
and secondary stability, which is obtained during healing
and remodeling of the surrounding bone. The primary stability
is affected by the quantity and quality of bone that the implant
is inserted into, surgical procedure, length, diameter, and
form of the implant.4,5 The secondary stability is the one
developed from regeneration and remodeling of the bone
and tissue around the implant after insertion but is affected by
the primary stability, bone formation and remodeling, etc.6 Many
clinical and experimental methods of measuring osseointegration
and implant stability has been developed. Histomorphologic
research and removal torque test are classified as destructive
methods. Nondestructive methods include percussion test, radi-

ography, cutting torque test while placing implants, Periotest#

(Siemens AG, Benshein, Germany), and resonance frequency
analysis (RFA). 

Although the removal torque test7,8 is useful for measuring
the degree of osseointegration of an implant, its use is limit-
ed by the direct tension placed on the interface of an implant
and surrounding bone, resulting in possible failure of the
implant. A percussion test measures the stability of an implant
by simple percussion with the handle of a dental instrument
on the implant abutment. However, this method is rather
subjective and lacks precision.9 Radiography provides a use-
ful method for evaluating the quantity and quality of bone in
the area for an implant to be inserted before placing the fixture,
as well as the quantity and quality of the adjacent marginal bone,
suitability of an abutment for prosthodontic treatment and height
of the peri-implant bone.10,11 However, uniform resolution
and standardized taking of X-rays are difficult to achieve. In
addition, it is difficult to perceive changes in the bone struc-
tures and morphology of the implant-bone interface. While Chai
et al.12 reported that Periotest# could be an objective and
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reproducible method of evaluating implant stability, Derhami
et al.13 concluded that its result lacks consistency since it is sus-
ceptible to the height of the abutment, measurement angle, and
the distance between the implant and hand piece. Meredith et
al.4,14 showed resonance frequency analysis as a means of
measuring implant stability. In this method, an L-shaped
transducer composed of two piezo-ceramic components is con-
nected to an implant and as the frequency increases from
5k Hz to 15k Hz, the first curved resonance frequency detect-
ed is considered as the peak. This can be a useful way of
evaluating implant stability because of its objectivity and
availability to continuously observe the changes in stability that
follows the healing process.6,15

OsstellTM (Integration Diagnostics Ltd., Göteborg, Sweden) (Fig.
1) and OsstellTM Mentor (Integration Diagnostics Ltd., Göteborg,
Sweden) (Fig. 2) are devices developed for the clinical appli-
cation of resonance frequency analysis. OsstellTM (electronic
method), which was developed first, measures the resonant fre-
quency by connecting the implant to a transducer, whereas
OsstellTM Mentor (magnetic method) measures the resonant fre-
quency using the magnetic frequencies by connecting the
implant to a SmartpegTM (Integration Diagnostics Ltd., Göteborg,
Sweden). The RFA value is converted into an ISQ (implant sta-
bility quotient) that is scaled from 1 to 100.14,16 The ISQ increas-
es in proportion to the stiffness of the bone-implant interface
or with that of the peri-implant bone.4,6,14

Currently how the ISQ values measured by OsstellTM and
OsstellTM Mentor are related, and whether the ISQ values
acquired from the two machines changes in accordance with
changes in implant stability are not yet fully understood.

This study examined the correlation between the ISQ values
measured by OsstellTM and OsstellTM Mentor as well as the coin-
cidence of the two instruments, and evaluated their utility in
practice by investigating the changes in implant stability as a
function of time.

MATERIAL AND METHODS 

Specimen 
Sixty two implants inserted into 47 patients who received

implant treatment in the Department of Prosthodontics,
College of Dentistry, Dankook University were examined.
The patients’age ranged from 23 to 78 years with a mean age
of 51. Only two-stage implants were used in this study. In the
first stage of surgery, 44 implants placed in 35 patients (28
implants in the mandibles and 16 in the maxillas) were mea-
sured. In the second stage of surgery, 50 implants were insert-
ed into 37 patients: 36 implants in the mandible and 14 in the
maxilla. Twenty five patients with 32 implants underwent the
measurements in both stages. Twelve implants in 10 patients
were measured in the first stage only, whereas 18 implants in
12 patients were measured in the second stage only (Table I). 

Implants 
The implants used for insertion were ReplaceTM Select

Tapered TiUnite (NobleBiocareTM AB, Sweden), Bra�nemark
System� MKIII TiUnite (NobleBiocareTM AB, Sweden), Osseotite� (3i
Corp, USA), US II (Osstem, Korea) (Table II). 

Thirty implants from ReplaceTM Select Tapered TiUnite, 11 from
Bra�nemark System� MKIII TiUnite, 2 from US II and 1 from
Osseotite� were inserted in the first stage of surgery. Their lengths
and diameters are shown in Tables III and IV, respectively.
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Fig. 1. OsstellTM (Integration Dia-
gnostics Ltd., Göteborg, Sweden). 

Fig. 2. OsstellTM Mentor (Integ-
ration Diagnostics Ltd., Göteborg,
Sweden). 

Table I. Number of patients and implants used in this study 
Number of patients Number of implants

1st surgery 35 (10) 44 (12)
2nd surgery 37 <12> 50 <18>
( ): Number of patients and implants measured only in the 1st surgery 
< >: Number of patients and implants measured only in the 2nd surgery

Table II. Classification of implants used in this study
Implant system R/S Bra�MKIII US II Osseotite� Sum

N 38 21 2 1 62

Table III. Diameter of the implants used in the 1st surgery 
Diameter NP RP WP Sum

N 2 22 20 44
NP: Narrow Platform, RP: Regular Platform, WP: Wide Flat Platform

Table IV. Length of the implants used in the 1st surgery 
Length (mm) 8 10 11.5 13 16 Sum

N 1 19 7 16 1 44

Table V. Diameter of the implants used in the 2nd surgery 
Diameter NP RP WP Sum

N 3 28 19 50

Table VI. Length of the implants used in the 2nd surgery 
Length (mm) 10 11.5 13 16 Sum

N 16 10 22 2 50



In the second stage of surgery, 29 implants from R/S, 18 from
Bra�MKIII, 2 from US II and 1 from Osseotite� were inserted.
Tables V and VI, respectively list their lengths and diameters. 

Methods of measurement 
Using OsstellTM and OsstellTM Mentor, each ISQ value was mea-

sured after inserting the implant in the first stage and after
removing the cover screw in the second stage surgery. While
using the OsstellTM, implant system and the transducer which
was modified for different diameters were put on to the
implant without any contact with surrounding soft tissue. 

With OsstellTM Mentor, a SmartpegTM was connected to the
implant in accordance with the diameter, and the measurements
were taken from the buccal and mesial sides. Both instruments
required three identical values and stored them in the com-
puter. 

Analysis 
Forty four implants from the first stage surgery and 50

from the second stage of surgery were analyzed to deter-
mine the difference between the mean ISQ values of OsstellTM

and OsstellTM Mentor. In addition, the correlation between
implants used in the first and second stage of surgery with regard
to their types and areas of insertion were analyzed. 

The difference between the ISQ values of 32 implants in each
patient during the first and second stage surgery was analyzed. 

The statistical assessment was carried out using SPSS V. 12.0
for Window (SPSS Inc., Chicago, IL, USA). The Pearson cor-
relation coefficient was used to examine the correlation
between OsstellTM and OsstellTM Mentor in the first and second
stages of surgery, whereas the difference between their ISQ val-
ues was evaluated using a paired t-test. A paired t-test was used
to examine the difference between the ISQ values in each
surgery in an identical patient. 

RESULTS 

Table VII shows the ISQ values of the 44 implants obtained
using OsstellTM and OsstellTM Mentor. 

The measurements from the two instruments were signifi-
cantly different (P < .01) and showed a significant correlation
(r = 0.61; P < .01) (Table VIII). The scatter diagram is shown in
Fig. 3.

There was a significant correlation in ISQ values from
OsstellTM and OsstellTM Mentor (P < .01) for the implants
placed in mandible, whereas there was no correlation for
those inserted in the maxilla. 

As for the correlation with regard to the implant types,
there was a significant correlation with ReplaceTM Select
Tapered TiUnite (P < .01), whereas there was no correlation with
the Bra�nemark System� MKIII TiUnite. 

Table IX lists the ISQ values of the 50 implants obtained with

OsstellTM and OsstellTM Mentor.
The ISQ values obtained from OsstellTM and OsstellTM Mentor

showed a significant difference (P < .01) as well as a significant
correlation (r = 0.65; P < .01), (Table X). Fig. 4 shows the
scatter diagram. 
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Fig. 4. Scatter diagram between OsstellTM ISQ OsstellTM Mentor ISQ in 2nd

surgery.

Fig. 3. Scatter diagram of OsstellTM ISQ and OsstellTM Mentor ISQ in the
1st surgery.
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Table VII. Mean and SD of the ISQ values measured using OsstellTM and
OsstellTM Mentor in the 1st surgery

OsstellTM OsstellTM Mentor
Range 60 - 83 64 - 88
Mean/SD 70.84 ± 6.13 75.09 ± 6.08

Table VIII. Pearson’s correlation coefficient between OsstellTM ISQ
and OsstellTM Mentor ISQ in the 1st surgery 

OT OTM
OT
OTM *
OT : OsstellTM , OTM : OsstellTM Mentor 
*denotes a pair of groups significantly different at the 0.01 level 

Table IX. Mean and SD of the ISQ measured with OsstellTM and OsstellTM

Mentor in 2nd surgery
OsstellTM OsstellTM Mentor

Range 55 - 84 55 - 88
Mean/SD 74.14 ± 6.64 78.90 ± 7.21



The ISQ values of OsstellTM and OsstellTM Mentor exhibited
a significant correlation (P < .01) regardless of the location of
insertion and types of implants inserted. 

Table XI lists the ISQ values of the 32 implants inserted
into 25 patients obtained with OsstellTM and Osstell MentorTM

during the first and second stage surgery.
The changes in the ISQ values of both OsstellTM and Osstell

MentorTM showed a significant difference (P < .01) (Table
XII) (Fig. 5). 

DISCUSSION 

Since the first report by Bra�nemark in 1969, many clinical and
experimental studies have shown that the insertion of an
osseointegrated implant is a good treatment for either fully or

partially edentulous patients.17 Clinically, an implant shows an
excellent long-term success rate of approximately 90%.18,19

However, failure can occur due to the unsuitable quantity and
quality of bone, infection during the healing process, and an
excess load while functioning, etc.14

Although clinically severe mobility and obvious bone
absorption observed in radiography can guarantee failure
of an implant, it is difficult to confirm this without such evi-
dence.20 RFA is a non-destructive and objective way of assess-
ing the bone-implant interface.20 It can also measure the
change in implant stability as a function of time, and it is use-
ful for determining the critical time for making prosthetics.15

According to Nkenke et al.21, RFA is not affected by the
PTV (Perio test value) or bone quality, but by bone-to-implant
contact. Huang et al.22 also suggested in their histomorphologic
study that the bone-to-implant contact and RFA were related.
While Friberg et al.23 mentioned that RFA was related to the cut-
ting force when inserting an implant, Huang et al.24 used
RFA to demonstrate that the implant stability increases dur-
ing the healing period and reported it to be a precise and reli-
able device. Valderrama et al.20 stated that in cases of a low ISQ
value, an adequate healing period would be necessary before
loading, whereas Friberg et al.25 reported that a low ISQ value
indicated failure of an implant weeks before radiographic
evidence could be obtained. Glauser et al.16 suggested that RFA
could be used to diagnose the possibility of implant failure before
the presence of clinical evidence. 

The stability of 44 implants were tested, and the results
showed that OsstellTM displayed ISQ values ranging from 60
to 83 with an average of 70.84, while those for OsstellTM

Mentor ranged from 64 to 88 with a mean value of 75.09.
The difference between the two devices was 4.25, which was
statistically significant. Regarding the 50 implants tested dur-
ing their second stage surgery, the ISQ values for OsstellTM and
OsstellTM Mentor showed a mean value of 74.14 and 78.90, respec-
tively. The difference was 4.76, which was also significant. 

During the second stage surgery, the locations in jaws or types
of implants did not have a significant impact on the results of
the two devices as observed for the first stage surgery, where-
by the implants were inserted in the maxillas with the excep-
tion of the Bra�nemark System� MKIII TiUnite. In first and sec-
ond stages of surgery, OsstellTM Mentor was likely to give 4 -
5 higher ISQ values than OsstellTM . With the relatively consistent
difference between these two devices, OsstellTM and OsstellTM

Mentor are objective and can measure the implant stability con-
fidently. These results are somewhat different from Valderrama’s
report, ISQ values for OsstellTM Mentor were 8 to 12 points high-
er than those for OsstellTM. This appears to be because
Valderrama et al. used one-stage implants, whereas two-
stage implants were used in this study. While a one-stage implant
is measured at 2.8 mm above the bone level with OsstellTM,
OsstellTM Mentor involves connecting the implant to a
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Fig. 5. ISQ value measured with OsstellTM and OsstellTM Mentor in the 1st

and 2nd surgery. 
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Table X. Pearson’s correlation coefficient between OsstellTM ISQ and
OsstellTM Mentor ISQ in the 2nd surgery 

OT OTM
OT
OTM *
*denotes pair of groups significantly different at the 0.01 level 

Table XI. ISQ values of the patients measured in 1st and 2nd surgery 
OT OTM

1st surgery 71.28 ± 6.22 75.44 ± 6.42
2nd surgery 75.00 ± 5.61 80.06 ± 5.42

Table XII. Results of the paired T-test between the 1st surgery ISQ and
2nd surgery ISQ in OsstellTM and OsstellTM Mentor 

OT1 OTM1 OT2 OTM2
OT1
OTM1
OT2 *
OTM2 *
OT1 : ISQ measured with OsstellTM in the 1st surgery 
OTM1 : ISQ measured with OsstellTM Mentor in the 1st surgery 
OT2 : ISQ measured with OsstellTM in the 2nd surgery 
OTM2 : ISQ measured with OsstellTM Mentor in the 2nd surgery 
*denotes pair of groups significantly different at the 0.01 level 



SmartPegTM, which causes a larger difference between the
two devices. Recognizing this difference in one-stage implants
would help in their clinical application. 

The changes in ISQ values according to the healing process
were recorded in the same patient, while he or she underwent
each stage of surgery with the two different devices. The
ISQ values measured in first and second stage surgery using
the OsstellTM ranged from 60 to 83 with the mean value of 71.28.
In the second stage surgery, they ranged from 65 to 85 with the
mean value of 75.00, this change was statistically significant.
With the OsstellTM mentor, the values ranged from 64 to 85 in
the first surgery with an average of 75.44, whereas they
ranged from 62 to 88 with an average of 80.06 in the second stage
surgery. This difference was statistically significant. This
shows that the ISQ value measured in the second stage
surgery showed a significant increase compared to that of the
first surgery, which is in agreement with Meredith et al.26

and Rasmusson et al.27 This also suggests that observing the ISQ
values constantly after placing an implant in the case of a one-
stage implant or after the second procedure in the case of a sec-
ond-stage implant, would be very useful for determining
the critical time for a final prosthetic setting. 

CONCLUSION 

The ISQ values obtained using OsstellTM and OsstellTM men-
tor were examined. Both instruments showed a significant dif-
ference in the ISQ values (4 to 5 points) with a significant cor-
relation (P < .05). The healing process increased the ISQ val-
ues significantly for both instruments (P < .05). Overall, mea-
suring the implant stability with OsstellTM and OsstellTM men-
tor is objective and reliable, and can be considered a useful
method in practice. 

REFERENCES 

1. Bra�nemark P, Zarb G, Albrektsson T. Tissue-integrated prostheses.
Chicago: Quitessence Publishing; 1985:p11-43. 

2. Choi JW, Heo SJ, Chang IT, Koak JY, Han JH, Kim YS, Lee SH, Yim
SH. Resonance frequency analysis of implants with anodized sur-
face oxides. J Korean Acad Prosthodont 2004;42:294-300. 

3. Zarb GA, Schmitt A. Osseointegration and the edentulous
predicament. The 10-year-old Toronto study. Br Dent J 1991;170:439-44.

4. Meredith N. Assessment of implant stability as a prognostic
determinant. Int J Prosthodont 1998;11:491-501. 

5. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-
term efficacy of currently used dental implants: a review and pro-
posed criteria of success. Int J Oral Maxillofac Implants 1986;1:11-25.

6. Sennerby L, Meredith N. Resonance frequency analysis: measuring
implant stability and osseointegration. Compend Contin Educ Dent
1998;19:493-8, 500, 502; quiz 504. 

7. Johansson CB, Albrektsson T. A removal torque and histomor-
phometric study of commercially pure niobium and titanium im-
plants in rabbit bone. Clin Oral Implants Res 1991;2:24-9. 

8. Wennerberg A, Albrektsson T, Andersson B, Krol JJ. A histo-
morphometric and removal torque study of screw-shaped tita-
nium implants with three different surface topographies. Clin Oral

Implants Res 1995;6:24-30. 
9. Misch CE. Contemporary Implant Dentistry. St. Louis: CV

Mosby;1993,p327-54. 
10. Bra�nemark PI, Zarb G, Albrektsson T. Tissue-integrated prostheses.

osseointegration in clinical dentistry. Chicago: Quintessence
publishing; 1985,p199-210. 

11. Park C, Lim JH, Cho IH, Lim HS. A study of the measurement of
the implant stability using resonance frequency analysis. J
Korean Acad Prosthodont 2003;41:181-206. 

12. Chai JY, Yamada J, Pang IC. In vitro consistency of the Periotest
instrument. J Prosthodont 1993;2:9-12. 

13. Derhami K, Wolfaardt JF, Faulkner G, Grace M. Assessment
of the periotest device in baseline mobility measurements of cran-
iofacial implants. Int J Oral Maxillofac Implants 1995;10:221-9. 

14. Meredith N, Alleyne D, Cawley P. Quantitative determination of
the stability of the implant-tissue interface using resonance fre-
quency analysis. Clin Oral Implants Res 1996;7:261-7. 

15. Meredith N, Shagaldi F, Alleyne D, Sennerby L, Cawley P. The
application of resonance frequency measurements to study the
stability of titanium implants during healing in the rabbit tibia.
Clin Oral Implants Res 1997;8:234-43.

16. Glauser R, Sennerby L, Meredith N, Re、e A, Lundgren A, Gottlow
J, Hämmerle CH. Resonance frequency analysis of implants
subjected to immediate or early functional occlusal loading.
Successful vs. failing implants. Clin Oral Implants Res 2004;15:428-34.

17. Adell R, Lekholm U, Rockler B, Bra�nemark PI. A 15-year study
of osseointegrated implants in the treatment of the edentulous jaw.
Int J Oral Surg 1981;10:387-416. 

18. Lekholm U, Gunne J, Henry P, Higuchi K, Linde′n U, Bergström
C, van Steenberghe D. Survival of the Bra�nemark implant in par-
tially edentulous jaws: a 10-year prospective multicenter study.
Int J Oral Maxillofac Implants 1999;14:639-45. 

19. Buser D, Mericske-Stern R, Bernard JP, Behneke A, Behneke
N, Hirt HP, Belser UC, Lang NP. Long-term evaluation of non-
submerged ITI implants. Part 1: 8-year life table analysis of a
prospective multi-center study with 2359 implants. Clin Oral
Implants Res 1997;8:161-72. 

20. Valderrama P, Oates TW, Jones AA, Simpson J, Schoolfield JD,
Cochran DL. Evaluation of two different resonance frequency de-
vices to detect implant stability: a clinical trial. J Periodontol
2007;78:262-72. 

21. Nkenke E, Hahn M, Weinzierl K, Radespiel-Tröger M, Neukam
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