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Abstract:

Determining the optimal loading schedule and measuring implant stability at different times are critical tasks. Numerous tools have
been created to assess implant-bone stability as a sign of a well-treated implant. Thus, the objective of this cross-sectional study was
to estimate the validity of the Osstell ISQ system for assessing implant stability. Osstell ISQ was used to complete implant stability
registers for 60 implants across 18 patients. Two distinct SmartPegs (types I and II) were used to complete six measurements on each
implant, or three measurements in a row with each transducer. In the 1st, 2nd, and 3rdmeasurements with SmartPegs I and II, the
average ISQ was 71.36, 71.31, and 71.65, and 71.02, 71.58, and 71.76, respectively. For SmartPegs I and II, equivalent values or
variations below three ISQ points were found in 46.3% and 58.6% of the cases, respectively. Both SmartPegs had an intraclass
correlation coefficient of 0.96, and they also had repeatability and reproducibility of 0.96. An intra-class correlation coefficient analysis
reveals nearly excellent repeatability and reproducibility for the RFA system Osstell ISQ. Measurements of Osstell ISQ have excellent
repeatability.

Keywords: Dental implants, resonance frequency analysis, ISQ, implant stability, Osstell.
Background: After implant implantation, initial stability has typically bee
Dental implants are becoming more and more popular as a tooth  evaluated based on bone quality and movement using the
replacement option these days. With survival and success rates  Lekholm & Zarb jaw quality scale [4]. One can forecast a dental
comparable to those attained with conventional load, immediate  implant's prognosis based on its stability. An implant's stability
load in implants has shown to be a predictable treatment [1].The  was defined as its capacity to withstand vertical, rotational, and
durability and osseointegration of dental implants are critical — horizontal stresses. This capacity was used as a proxy for
components of their success. Implants must osseointegrated with  osseointegration and effective healing [5]. Stability refers to an
alveolar bone in order to operate and sustain masticatory implant's ability to sustain load in the axial, lateral, and
pressure. Implant osseointegration is the process by which the rotational directions. The quantity and quality of bone, surgical
titanium surface of the implant comes into close contact with the  technique, and implant design all affect primary stability.
alveolar bone without the need for soft tissue to about it. There  During the first week following implantation, the primary
are two phases of osseointegration: primary and secondary. stability is crucial to the stability of the implant. After that, it
During the initial stage, mechanical interaction with cortical  dramatically declines to negligible levels at around two weeks.
bone is the primary means of achieving implant stability. On the =~ The development of new bone and bone remodelling at the
other hand, bone remodelling and regeneration are used to  implant-bone contact are prerequisites for secondary stability. A
achieve implant stability in the secondary stage [2]. Primary  biological mechanism forms the basis of the secondary stability
implant stability upon implantation is influenced by a number of  [6, 7].
variables, including implant design, surgical technique, and
bone density. Since it restricts micro-movements in the contact  Implant stability measures (ISQ) are utilised as a predictive sign
between the implant and the bone, primary implant stability is  for potential implant failure and as an indirect indicator to
the key determinant of successful initial loading [3]. establish the time range for practical implant loading in clinical
practice [7]. The degree to which an implant resists deformation
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in response to an applied force is known as its stiffness. The
mechanical characteristics of the bone at the implant placement
site and the degree, to which the fixture is engaged with the
osseous tissue, as dictated by implant geometry and surgical
technique, are the two key factors that affect primary stability
[8] Primary stability can be measured in a number of ways, some
of which entail non-invasive quantitative analysis like damping
capacity analysis (DCA) and resonance frequency analysis
(RFA). The Osstell ISQ Mentor (Osstell, Goteborg, Sweden) is
one of the RFA devices. It measures resonance frequency values
using a smart-peg sensor paired with an implant fixture. The
resonance frequency measurements are then translated into an
arbitrary implant stability scale value known as the implant
stability quotient (ISQ). Implant damping properties are
measured by DCA systems according to contact time [5]. The
implant stability test (IST) is conducted using percussion with
the more current AnyCheck® system [9].

Insertion torque, percussion testing, and radiographic
examination are non-invasive techniques for assessing implant
stability. There are a few things to take into account even though
radiographic examination is non-invasive and offers useful
information regarding the state of the implant and surrounding
bone. Images from radiography can get distorted [10].
Resonance frequency analysis, often known as the OTTL
method, is a non-invasive clinical technique that was described
by Meredith et al. Sdvedalen, Sweden-based Integration
Diagnostics Ltd. has been designing Osstell devices since 1999.
For implant stability testing, this device has undergone multiple
generations in the last ten years
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two samples. SPSS 21.0 (SPSS, Chicago, IL) software package for
Microsoft Windows was used to finish the data analysis.

Results:

Eighteen patients received a total of sixty implants, of which
fifty-eight were put in the posterior maxillary region. The
anterior maxillary area received the placement of the final two
implants. There were 39 implants measuring 9 mm, 13
measuring 11 mm, and 8 measuring 12 mm in length. The total
average scores that were achieved for the various groups were
between 71.45 ISQ (SmartPegs II) and 71.44 (SmartPegs I). In the
initial measurement, the average register obtained with
SmartPeg I was 7136 1ISQ + DT 6.008; in the subsequent
measures, it was 71.31 ISQ + DT 6.246 and 71.65 ISQ + DT 6.176,
respectively. However, the average register recorded with
SmartPeg II was 71.02 ISQ + DT 6.176 in its first measurement,
and 71.58 ISQ + DT 6.064 and 71.76 I1SQ + DT 6.021 in its second
and third measurements, respectively. In terms of reliability
analysis, Table 1 shows that the intraclass correlation coefficient
(ICC) for both SmartPegs I and II was 0.96, with a 95%
confidence interval of 0.95 to 0.97. This indicates an almost
perfect degree of concordance. Measurement discrepancies
between SmartPegs I and II were displayed in Table 2.
Variations in SmartPeg I measurements were examined and
categorised based on the variations: 0 indicates the same value;
1-3, 4-5, and >5 indicate differences of more than five ISQ points.

As a result, 78% of the second transducer's register and 74.3% of
the first transducer's register differed by three ISQ points or less.
The differences between the six completed measures were then
evaluated by comparing the Smart Peg I and II measurements.
Based on an analysis of variance model with repeated or
intrasubject measures, the intraclass correlation coefficient was
utilised to assess concordance among the difference
measurements done with both SmartPegs. Both SmartPegs have
repeat abilities of 0.96 and Osstell ISQ reproducibility’s of 0.96.

Table 1: The ISQ results' mean and standard deviation using both transducers

Transducer Measure Mean +SD
1st 71.36 +6.008

Smart Pegl = 2nd 71.31 £6.246
3rd 71.65 +6.176
1st 71.02 +6.064

Smart Peg II = 2nd 71.58 +£6.368
3rd 71.76 +6.021

Table 2: Measurement variations between global (all six measurements using both
SmartPegs) and SmartPegs I, II

SMARTPEG I SMARTPEG II GLOBAL (BOTH
SMARTPEGS)
Difference  Frequenc  Difference  Frequenc  Difference  Frequenc
s y % s y % s y %
0 16 0 12 0 2
1-3 32 1-3 40 1-3 39
4-5 8 4-5 B 4-5 11
>5 4 >5 3 >5 8
Total 60 Total 60 Total 60
Discussion:

Resonance Frequency Analysis (RFA) is a non-invasive intraoral
technique intended to evaluate the interface between the implant
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and bone, potentially offering clinical proof of implant stability.
RFA makes it possible to monitor an implant through a series of
stability assessments and to evaluate indirectly how osseous
remodelling surrounding the implant affects secondary implant
stability [3,11]. The current study used a cross-sectional analysis
to evaluate the Osstell ISQ system's dependability for
determining implant stability. Regarding repeatability in
implant stability evaluation, we discovered that the Osstell
system has very high dependability.

Using the Osstell® and AnyCheck® devices, Okuhama et al.
discovered the association between primary and secondary
implant stability. They recommend AnyCheck ® as a helpful
tool for figuring out implant stability, including primary and
secondary [9]. According to Lachmann et al. Osstell ISQ and
Periotest shown adequate reliability in predicting the implant
stability [12]. According to El-Sawy et al.'s conclusion, the
Periotest (PTVs) and Osstell (ISQs) methods may both provide
accurate evaluations of implant stability [13]. Using Periotest M
(PTV), Anycheck, and Osstell Mentor (ISQ), Esposito et al.
assessed the stability of the implant. They came to the conclusion
that Anycheck has demonstrated its relative dependability in
contrast to Periotest M and Osstell ISQ Mentor [14]. Osstell ISQ
and Penguin RFA are only dependable when the implants are
placed in stiff materials, according to Buyukguclu et al.
Compared to Penguin RFA, Osstell ISQ is more dependable
[15]. The Anycheck device's dependability and the impact of the
healing abutment diameter on the Anycheck values (implant
stability test, IST) were investigated by Lee et al. The Periotest M
and Anycheck scores as well as the ISQ and IST showed a
substantial association with one another. The Anycheck readings
were unaffected by the healing abutment's diameter [5]. Lee et al.
claim that Anycheck®'s simplicity made it easier to operate and
more accessible than the Osstell® Beacon+ [10]. Studies have
shown that implant stability could be accurately measured using
the Periotest and Osstell ISQ devices [5].The link between RFA
and DCA device outcomes, which show the stability of the same
implant, has been documented in a number of earlier
investigations. A study conducted in vitro revealed a robust
association between the outcomes obtained using RFA and DCA
devices [16]. Additionally, after surgery and two months later,
Pang et al. demonstrated a high correlation between the ISQs
and PTVs [17]. Reynolds et al. assessed the impact of several
clinical features on the values generated by the devices
throughout these three intervals. They came to the conclusion
that values recorded between the two measurement devices at
implant placement, implant exposure, and three years after
installation exhibited a weak to moderate degree of correlation
[8]. The implant treatment's outcome is dependent on the
implant's insertion torque (IT) in the bone. Bone resorption is
encouraged when the IT is elevated. IT optimisation is thought
to be essential for a successful implant therapy outcome [9].
Using the AnyCheck® device, Al-Jamal et al. showed a
substantial association between primary stability and IT in
clinical practice [18]. Using resonant frequency analysis, Haseeb
et al. assessed the insertion torque (IT) and implant stability of
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two distinct implant macro geometries in various bone densities.  [4] Lekholm U & Zarb GA. Patient selection and preparation.
When comparing the new implant macrogeometry to the Tissue-integrated prostheses. Chicago: Quintessence;
conventional implant macro geometry, they discovered a lower 2011.p.199.
IT value. No correlation was seen between IT and implant [5] Lee DH etal.JAdv Prosthodont 2020 12:83.
stability [19].The Osstell® is a well-established tool that has been [https://doi.org/10.4047 /jap.2020.12.2.83]
the subject of numerous researches. However, in order to assess  [6] AL-JubooriM]J et al. Open Dent J. 2015 9: 243.
implant stability, it is necessary to remove the healing abutment [PMID: 26312095]
and connect the smart peg, which may have drawbacks and [7] Huang Het al. Journal of Oral Biology and Craniofacial
inconveniences. Osstell Beacon®, which was just released, Research. 202010:629.
operates wirelessly. It still needs a smart peg, though, and the [https://doi.org/10.1016/j.jobcr.2020.07.004]
healing abutment needs to be put in and taken out. According to  [8] Reynolds I etal. Front. Dent. Med. 2023 1:1139407. [Doi:
Esposito et al., there was 0.16 mm of bone resorption annually as 10.3389/fdmed.2023.1139407]
a result of the healing abutment being removed three times after ~[9] Okuhama Y et al. BMC Oral Health. 2022
implantation until the superstructure attachment period [14]. We 22:1.[https:/ /doi.org/10.1186/s12903-022-02320-0]
discovered that the Osstell system is reliable for assessing [10] Lee Jet al. PLOS ONE. 202419:e0290595.
implant stability. Additional research is required to validate the [https://doi.org/10.1371 /journal.pone.0290595]
results. [11] Meredith N. Int J Prosthodont. 1998 11:491. [PMID: 9922740]
[12] Lachmann S et al. Clinical Oral Implants Research. 2006 17:75.
Conclusions: [PMID: 16441787]
The findings of this study suggest that, following statistical [13] El-Sawy MK et al. Al-Azhar Journal of Dental Science.
analysis using the intraclass correlation coefficient, the resonance 202023:173. [10.21608 / AJDSM.2020.26065.1039]
frequency analysis system Osstell ISQ exhibits "near perfect" [14] Esposito M et al. Eur J Oral Implantol. 2017 10:57.
repeatability and reproducibility. Thus, it can be said that in [PMID: 28327695]
terms of repeatability, Osstell system measurements are quite  [15] Buyukguclu G et al. Implant Dentistry. 2018 27: 429.
dependable. As a result, a single measurement can be enough. [DOI: 10.1097/id.0000000000000766]
[16] Krafft T etal. Int. J. Oral Maxillofac. Implant. 2012 27:318.
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