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SUMMARY Resonance frequency (RF) analysis is a
non-invasive, objective and sensitive technique
developed for implantology where it measures the
stability of the implant in osteotomy site. Although
many studies were performed by the previous
electronic version of RF analyzer, a very limited
number of studies were carried out with the new
magnetic wireless version. The aim of the study was
to evaluate the relation between insertion torques,
primary and secondary stability of self-tapping
tapered implant systems. Thirteen subjects were
treated with 42 endosseous implants using two-
stage surgical procedure. The maximal insertion
torque values were recorded prior to RF analysis
during surgery. Six months after surgery, the sec-
ondary stability values were measured by the RF
analysis. The average maximal insertion torque and
primary and secondary magnetic RF values were
33 £ 11 Ncm and 66 + 12 ISQ and 719 + 6 I1SQ for

42 implants respectively. The correlation between
insertion torque and RF values were indicated to be
statistically significant (P < 0-01). Significantly high-
er maximal insertion torque, and primary and
secondary magnetic RF values were achieved in
mandibular sites compared with maxillary areas
(P < 0-01). No significant differences were measured
for all parameters when both systems were com-
pared with each other (P > 0-05). There was a strong
correlation between the insertion torque, primary
and secondary magnetic RF values of self-tapping
tapered endosseous implant used. Further studies
are needed to understand the impact of the wireless
magnetic RF analysis technique in clinics.
KEYWORDS: dental implants, insertion torque, stabil-
ity, resonance frequency analysis
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Introduction

The use of endosseous dental implants to restore the
missing teeth is an alternate treatment method and has
become increasingly widespread (1, 2). The long-term
success for implant therapy requires both procedure
and patient-related parameters (i.e. bone quality, vol-
ume of local bone, implant stability and clinical peri-
implant indices) (3—6). It is clear that primary stability
(initial stability) plays an essential role in successful
osseointegration. Primary stability is a function of local

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd

bone quantity and quality, the surgical technique used
and the geometry of the dental implant. Secondary
stability is the result after the formation of woven and
lamellar bone around the dental implant body as a
secondary bone contact (7-9).

Various non-invasive stability measurement tech-
niques [i.e. tapping, insertion torque, the mobility
measuring device (Periotest)* and vibration methods]
were used to measure the stability of endosseous dental
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implants (10-14). One of the quantitative methods is
the insertion torque; recording the torque required to
seat the implant into the osteotomy site, and it
furnishes worthy information about the quality of the
local bone (11). Tapered implants have a higher
insertion torque than cylindrical implants due to a
greater frictional surface, where continuous machine-
inserted implants had less insertion torque values than
discontinuous manual insertion values, and it was also
stated that implant design might have an importance on
the initial stability in bone (1, 15-17). Vibration analysis
is another method performed using transient excitation
and continuous excitation, and the mobility measuring
device (Periotest)* is an instrument designed to evaluate
the tooth mobility by measuring the dampening char-
acteristics of the periodontal ligament, in which the
values are between —8 and +50. Nevertheless, using this
device to quantify the mobility of the dental implant
seems to be not as broad as the natural tooth mobility
values, where a successful dental implant may quantify
a value between -5 to +5 (18) or from -6 to +2 (19),
which might cause a poor sensitivity in the measure-
ment of implant stability (18-20).

Resonance frequency (RF) analysis is a recent, non-
invasive, reliable, easily predictable and objective
method developed for dental implantology, where the
device quantifies the primary and secondary stability of
implants (1, 14, 21). The implant/bone interface is
measured from RF as a reaction to oscillations exerted
onto the implant/bone contact, where the unit of
measurement is recorded as implant stability quotient
(ISQ) (7). As well as its previous electronic cable
version (Osstell),’ a newer magnetic wireless RF ana-
lyzer (Osstell Mentor)?, is also commercially available
(22-24). The wireless magnetic device uses the ISQ as a
measure, ranging from 1 to 100. Several in vitro, animal
and clinical studies were performed using the cable
version and a few was published about the wireless
version (23, 25-28). A recent long-term follow-up
clinical study compared the association between the
newer magnetic wireless RF analyzer and the previous
electronic RF analyzer with cable in terms of endos-
eous implant stability (22). The authors concluded that
although a direct comparison of two devices was not
possible, a modest correlation was found between two
devices (22). Furthermore, it was also demonstrated
that the newer wireless magnetic analyzer seemed to be

TIntegration Diagnostics AB, Goteburg, Sweden.

a suitable, sensitive and reliable device to determine
implant stability, which can detect vertical bone loss
around implant body in millimetre increments ranging
between 0 and 5 mm (23).

The fact that implant surface geometry and surface
type may have an influence on primary and secondary
stability of the dental implant has been propounded
(15). To provide a precise basis for clinical procedures
of implant placement, in which the design of the
implant, immediate placement and immediate/early
loading have an increasing popularity, recent studies
stability of the implants have
growing interest. As well as its previous version with

focused on initial
cable,
measures implant stability during the placement and
at various time-points during the treatment. However,
interpretation of the implant stability in terms of this
newer magnetic wireless RF analysis method is still
lacking scientific background. Therefore, the new
magnetic wireless RF analyzer was used to evaluate
the primary and secondary stability of dental implants
in the present study. The aim of this clinical study was
to clarify the possible association of different primary
stability measurement methods including insertion
torque and the wireless magnetic RF analysis in I1SQ
values.

the newer wireless magnetic RF analyzer,

Materials and methods

Subject selection and surgical procedure

This study was conducted in accordance with the
Helsinki Decleration of 1975, as revised in 2000, in
Gazi University, Turkey, between November 2007 and
December 2008. Thirteen partially edentulous subjects
(6 males and 7 females) seeking prosthodontic rehabil-
itation were included. The mean age of the subjects was
43-5 years (age range: between 19 and 68 years). Their
medical conditions were unremarkable;
known to have any allergies or metabolic bone diseases.
After thorough clinical examinations and radiographs,

none was

including panoramic and periapical analysis, all subjects
were provided with detailed information regarding
surgical and prosthetic procedures and the experimen-
tal design. Prior to surgical procedure, local anaesthesia
was given at the surgical site, full-thickness flaps were
reflected and dental implant osteotomy sites were
prepared according to the manufacturers’ instructions.
According to the procedure for two-stage surgery,
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partially edentulous subjects were provided with a total
of 42 dental implants, first implant system (Straumann
Standard Plus Implant)* with sand-blasted, large-grit,
acid-etched surface (mandibular sites, n = 7; maxillary
sites, » =9) with 10 mm length (4:8 mm diameter,
n=73; 41 mm diameter, 3-3 mm diameter,
n=3) and 12 mm length (4-8 mm diameter, n = 3;
4-1 mm diameter, 7 = 3; 33 mm diameter, n = 1) and
second implant system (MIS Seven Implant)S with
sand-blasted, (mandibular site,
n = 16; maxillary site, n =10) with 8 mm length
(5 mm diameter, n=2), 10 mm length (375 mm
diameter, n = 2, 42 mm diameter, » = 2, 5 mm dia-

n=3

acid-etched surface

meter, n=2), 11:5 mm length (375 mm diameter,
n =4; 42 mm diameter, n = 3; 5 mm diameter, n = 1)
and 13 mm length (3:75 mm diameter, 7 = 5; 42 mm
diameter, » = 3; 5 mm diameter, n = 2) at anterior and
posterior sites of mandibular (n = 22) and maxillary
areas (n = 20). Cover screws were placed, and surgical
flaps were closed with sling sutures. To minimize
bleeding and swelling, an extra-oral cold compress
was applied. Six months after first surgery, surgical flaps
were reflected and healing abutments were placed. The
same surgeon performed all surgical treatments. All
subjects
6 months after surgery.

were given fixed metal-ceramic crowns

Insertion torque and resonance frequency measurements

After the preparation of osteotomy sites, dental
implants were placed into the implant bone sockets
using a calibrated torque wrench, where the wrench
enabled measurement of torque during the surgical
insertion of the implants. The maximal insertion torque
value of each implant after the each implant was fully
seated was recorded (29).

Immediately after implant insertion, the magnetic
wireless RF analyzer was used for direct measurement
of the endosseous implant stability (14, 22). The RF
analysis technique analyzes the RF range (110-
10000 Hz) of a peg which can be attached to the
implant with the aid of a cylindrical plastic holder
provided by the company, 4-5 N cm of torque was
enough. The probe of wireless RF analyzer, Osstell
Mentor" was held perpendicular to the jaw line as
indicated by the manufacturer for one buccal measure-

Hnstitut Straumann AG, Waldenburg, Switzerland.
SMIS Implant Technologies Ltd., Shlomi, Israel.

ment. The ISQ value was presented on the screen on
the analyzer. The RF values were converted to ISQ by
the analyzer automatically. Implant stability quotient
values ranging between 1 and 100 demonstrated that
the higher the 1SQ, the more stable was the dental
implant (7). The same surgeon measured the ISQ
values of all implants at surgery (primary stability)
and 6 months after first surgery prior to prosthesis
delivery (secondary stability). All stability measure-
ments were repeated three times for each implant site,
in which a mean value from three measurements was
used.

Survival criteria

The implant survival was judged on the following
criteria suggested by Albrektsson and Zarb (3): absence
of mobility, absence of painful symptoms, absence of
peri-implant radiolucency during radiographic evalua-
tion and absence of progressive marginal bone loss.

Statistical analysis

A statistical software (spss 11-5-0)™ was used for statis-
tical analysis. The Shapiro-Wilk'’s test was used to test
the normally of distribution for the ISQ values. Mann—
Whitney U-test was used to explore the differences
between ISQ values. Spearman’s rho test was utilized to
evaluate the correlation between insertion torque and
1SQ values. A value of P < 0-05 was considered statis-
tically significant.

Results

Thirteen patients whose mean age was 435 years
received 23 mandibular implants and 19 maxillary
implants in this study. No implants were lost up to
prosthesis delivery. A statistically significant difference
in insertion torque value was found between mandible
and maxilla (P < 0-001) (Fig. 1). Also, there were
significant differences in ISQ values between mandible
and maxilla at surgery (P < 0:001) and prosthesis
delivery (P < 0-01).
regions were considered, the insertion torque and ISQ
values, both at the surgery and prosthesis delivery, did
not differ significantly (P > 0-05) (Fig. 1).

When anterior and posterior

ISPSS Inc., Chicago, IL, USA.
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Fig. 1. Average insertion torque and implant stability quotient
(ISQ) values according to the different regions of the mouth.

The statistically significant differences in the insertion
torque value (P < 0-05) and ISQ values at the surgery
(P < 0-05) were noted between younger (38 + 9s.d.)
and older (53 + 5s.d.) patients, while the ISQ value at
prosthesis delivery was not significant between younger
(mean age: 34-5 years, ranged from 19 to 50 years) and
older patients (mean age: 59-5 years, range: 51 to
68 years) (Fig. 2). Although the insertion torque and
1SQ values at the surgery and prosthesis delivery were
higher in males than females, they did not show any
statistical significance (P > 0-05) (Fig. 2).

The insertion torque and ISQ values at the surgery
and prosthesis delivery were 32+ 12s.d. N cm,
665 £ 16s.d. ISQ and 74 + 7s.d. ISQ for the first
implant system while the corresponding values were
33 + 9s.d. N cm, 65-8 £ 9s.d. ISQ and 70-6 £ 6s.d. ISQ
for the second system respectively. When the type of
implants were considered, no significant differences in
insertion torque (P > 0-05) and ISQ at the surgery
(P> 0-05) and prosthesis delivery (P> 0-05) were
observed between the first and the second implant
system.

When all 42 implants were considered, the insertion
torque and ISQ values at the surgery and prosthesis
delivery were 33 4+ 11s.d. N cm, 66 + 12s.d. ISQ and
719 £ 6s.d. ISQ respectively. Significant correlations
were noted between the insertion torque and ISQ
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Fig. 2. Average insertion torque and implant stability quotient
(ISQ) values according to age and gender.

values at the surgery (r = 078, P < 0-001), the insertion
torque and ISQ values at the prosthesis delivery
(r =046, P < 0-:01) and ISQ values at the surgery and
prosthesis delivery (r = 0-:54, P < 0-001).

Discussion

Endosseous implants are successful treatment options
for the replacement of missing dentition. It is apparent
that primary stability is a pivotal factor at the time of
insertion, which depends on the surface geometry of
the dental implant, surgical technique used and local
bone quantity and quality, for the long-term success of
endosseous dental implants (7, 14, 21). Invasive (i.e.
reverse torque) and non-invasive (i.e. vibration and RF
analysis) methods are frequently used in clinics to
evaluate the bone/implant interface. Various implant
surfaces and designs were also modified to reduce the
surgical trauma during placement, and enhance
primary and secondary stability (15, 17, 30, 31).
Insertion torque and previous electronic RF analyzer
with cable were used during the surgery to analyze the
primary stability and the relationship with each other
(4, 11, 14, 17, 20). The magnetic version of the RF
analyzer is a recently manufactured sensitive and non-
invasive device that quantifies the stability without a
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cable, in which Alsaadi et al. (32) reported that very
limited number of studies was presented with the
wireless version. They tested the sensitivity of the
analyzer by making a comparison with the mobility
measuring device in a clinical setting, wherein the
results of both devices were analyzed by making a
comparison with the quality of bone, insertion torque
and the tactile sense of the practitioner using two-stage
surgery protocol with a self-tapping implant system
(TiUnite Dental Implant, MK II)** and concluded that
wireless RF analyzer and mobility measuring device
measurements were related to bone quality of the
subjects (32). Valderrama et al. (22) compared associa-
tion of the ISQ values between previous electronic
cable version (ranged between 61-9 ISQ at baseline and
632 1SQ at 12 weeks follow-up) with the wireless
magnetic version (70-6 ISQ at baseline and 759 ISQ at
12 weeks follow-up), and demonstrated that values
achieved correlated with each device during follow-up.
However, this association was moderate and wireless
device demonstrated 8-12 ISQ values higher than the
cable version, in which the practitioners should not
make a direct comparison between these devices (22).
When the sensitivity of the wireless analyzer was
concerned, it was concluded that performing peri-
implant circular vertical defects using 1 mm increments
(1 to 5 mm defects) around one-stage dental implants
resulted with a statistically significant implant stability
loss in ISQ values for 37 mm (from 72:6 ISQ to 57-2
1SQ) and 48 mm diameter (76'5 ISQ to 634 1SQ),
where the authors stated the wireless device seems to
be promising to detect the bone defects around implants
(23). The present study was undertaken to evaluate
insertion torque and primary stability of dental
implants with new wireless magnetic RF analyzer and
determine whether a correlation existed between them.
An average insertion torque (33 £+ 11 N cm), surgical
RF value (66 £ 12 ISQ) and prosthesis delivery RF
value (719 + 6 ISQ) were recorded for all implants at
all osteotomy sites. Surgical technique such as pre-
tapping was not performed, and also implants for both
systems, Straumann Standard Plus Implant* and MIS
Seven Implant® had roughened surfaces. The present
results are in agreement with other endosseous implant
studies published earlier, which demonstrates an asso-
ciation between insertion torque,
surgical procedure and implant type (13, 17, 33).

stability values,

**Nobel Biocare AB, Goteburg, Sweden.

Furthermore, significant relationships between inser-
tion torque and ISQ were found at surgery and
prosthesis delivery when all implants were concerned
and mandibular areas presented higher insertion torque
and ISQ values compared with maxillary regions. These
findings are in agreement with the earlier studies,
although a direct comparison among these studies was
not possible,
recipient areas, and the previous RF analyzer with

because the authors used different
cable different types of dental implant systems (11, 13,
30, 34).

Turkyilmaz et al. (13) presented a significant correla-
tion between insertion torque and RF values measured
with the previous cable version of RF analyzer in
another self-tapping implant system placed in the
mandible. Al-Nawas et al. (35) compared two different
implant systems with different designs, and they
reported that insertion torque values were significantly
higher for the newer surface design (TiUnite Dental
Implant, MK IV)** compared with the previous surface
design (TiUnite Dental Implant, MK III)** of the same
first implant system, and no differences were noted
between the first implant system, TiUnite Dental
Implant, MK III and MK IV compared with the second
implant system Straumann Standard Plus Implant* on
the basis of ISQ values at the time of placement
measured by the electronic cable version of RF ana-
lyzer. They further stated that insertion torque and ISQ
values of cylindrical implants were significantly lower
than the values of self-tapping implants (Straumann
Standard Plus Implant)* and the authors concluded that
the differences between these parameters seemed to be
influenced more by the type of implant system used
and transducers used to analyze ISQ values (35). The
present study also demonstrated that the maximal
insertion torque, I1SQ values achieved at surgery and
prosthesis did not differ significantly between female
and male subjects. However, higher insertion torque
values and ISQ values during surgery were recorded in
younger subjects compared with older ones. Turkyil-
maz et al. (13) presented higher insertion torque and
1SQ values with self-tapping implant system (TiUnite
Dental Implant, MK III)** in male subjects compared
with females, in which older patients had higher values
compared with younger ones. Van Steenberghe et al.
(36) reported that poor bone quality generally realized
in older patients often did not provide primary stability;
however, they also concluded that the age and gender
of the patients had no effect on early implant failures.

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd
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All of these differences may be explained with different
bone qualities at implant sites and different systems and
surgical procedures used during surgical applications.
It is also suggested that primary stability and insertion
torque values are also dependent on the system used
(1, 17), and self-tapping tapered implant design brings
higher initial stability than parallel wall cylindrical
implant systems (20). O’Sullivan ef al. (1) presented
that surface geometry had a great importance, in which
the design of the implant had the ability to increase the
interfacial stiffness at the implant/bone interface ana-
lyzed by insertion torque and RF analysis with elec-
tronic version. We are in agreement with the previous
studies that within the limitations of the present study,
higher insertion torque was achieved for both implant
systems (1, 14, 17, 20). Furthermore, both implant
systems used in this clinical study are basically tapered
implants which cause lateral compressive stresses in the
bone during implant placement that turns in high
primary stability, and ISQ values achieved presented
significant correlation with the insertion torque values
at the time of surgery and prosthesis delivery, which
may be considered that magnetic wireless RF analyzer
presented similar results with earlier studies published
with the electronic RF analyzer with cable (6, 8, 22).
Moreover, when the direction of the probe orienta-
tion of the RF analyzer is considered, Veltri et al. (26)
performed a clinical study which measured the stability
of dental implants using the previous cable device in
nine patients who received 55 implants. They measured
the stability for dental implants by placing the trans-
ducer buccally, distally, palatally and mesially, and
reported that the mean ISQ values for different orien-
tations demonstrated different results; buccal position:
61 ISQ, palatal position: 63 ISQ, distal position: 71 ISQ
and mesial position: 71 1SQ (26). A recent human fresh
cadaver study by Seong et al. (37) also measured the
stability of implants by placing the transducer bucco-
lingually and mesiodistally, in which three repetitions
were performed for each direction. They presented
similar conclusions with Veltri ef al. (26) and Seong
et al. that mesio-distal positioning (677 1SQ) of the
transducer resulted with increased ISQ values com-
pared with bucco-lingual (64-2 ISQ) orientation. It was
suggested that a standardized transducer orientation
should be considered during the measurement of the
RF values (26). Therefore, based on the previous
suggestions; we preferred to measure the primary and
secondary stability values by holding the wireless probe

buccolingually, and repeated the measurements three
times to get a mean ISQ value.

As a conclusion, there was a strong correlation
between the insertion torque and RF values of self-
tapping tapered endosseous implants used. Insertion
torque and RF values at surgery and 6 months after
surgery presented significantly higher values at man-
dibular sites compared with maxillary areas. Within the
limitations of the study, both systems did not present
any differences in insertion torque and magnetic RF
values during surgery and 6 months after surgery.
Further studies are needed to understand the associa-
tion of insertion torque and stability values determined
by the new wireless magnetic RF technique.
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