Cukurova Medical Journal
CUKUROVA UNIVERSITESI TIP FAKULTESI

RESEARCH

Cukurova Med | 2025;50(2):443-448
DOI: 10.17826/ cumj.1707930

Evaluation of insertion torque and implant stability using the osstell
device according to connection method and practitioner variability

Osstell cihazi kullanilarak yerlestirme torku ve implant stabilitesinin degerlendirilmesi:
baglanti yontemi ve uygulayict degiskenliginin etkileri
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Abstract

Purpose: This study aimed to evaluate the effects of
SmartPeg connection methods and practitioner-related
variability on insertion torque and implant stability
measurements using the Osstell device.

Materials and Methods: Four oral and maxillofacial
surgeons each placed 40 implants into bovine femur bone
blocks with D1 bone quality. The study was conducted at
the Department of Oral and Maxillofacial Surgery, Faculty
of Dentistry, Hatay Mustafa Kemal University (Hatay,
Tirkiye). SmartPeg insertion torque was measured using a
digital torque wrench. Resonance Frequency Analysis
(RFA) was performed immediately after SmartPeg
placement. Data were analyzed using ANOVA and
Intraclass Correlation Coefficient (ICC).

Results: The mean insertion torque values were
69.88 + 2.11 Ncm for the group with lower applied torque,
81.66 +1.43 Ncm for the group with higher manual
torque, and 80.88 £ 1.55 Ncm for the standardized
angulated  adapter  group. Statistically  significant
differences were observed among the groups. The highest
intergroup consistency was recorded between the manual
high-torque group and the angulated adapter group
(ICC=0.655, 95% CIL: 0.045-0.955, p = 0.020).
Additionally, ISQ values showed a positive correlation
with torque consistency, suggesting that uniform
application methods may enhance measurement reliability.
Conclusion:  Practitioner-related  variability — affects
SmartPeg insertion torque and subsequent ISQ
measurements. The use of a standardized connection
method, such as an angulated adapter applying fixed
torque, may improve the reliability and reproducibility of
RFA-based implant stability assessments.

Keywords:. Implant stability, insertion torque, resonance
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Oz

Amag: Bu ¢alisma, SmartPeg baglanti yontemlerinin ve
uygulayiciya baglt degiskenligin, Osstell cihazi kullaniarak
yapilan yetlestirme torku ve implant stabilitesi Sl¢timleri
tzerindeki etkilerini degerlendirmeyi amaglamaktadir.
Gereg ve Yontem: Dort agiz, dis ve gene cerrahi, D1
kemik kalitesine sahip sigir femur kemik bloklarina, her biri
40 implant yerlestirmistir. Calisma, Hatay Mustafa Kemal
Universitesi Dis Hekimligi Fakiiltesi, Agz Dis ve Cene
Cerrahisi Anabilim Dal’'nda yiritilmistir. SmartPeg
yetrlestirme torku dijital tork anahtariyla Olgilmustir.
SmartPeg baglantisindan hemen sonra rezonans frekans
analizi (RFA) gerceklestirilmistir. Veriler, ANOVA ve i¢
sinif korelasyon katsayist (ICC) ile analiz edilmistir.
Bulgular: Ortalama yetlestirme torku, disik
uygulayan grupta 69.88 + 2.11 Ncm, yiiksek tork uygulayan
grupta 81.66 £ 1.43 Ncm, standart ac1 adaptorli grupta ise
80.88 = 1.55 Ncm olarak bulunmustur. Gruplar arasinda
istatistiksel olarak anlamli fark saptanmustir. En yiiksek
grup ici tutarhlik, yiiksek manuel tork grubu ile act
adapt6rli grup arasinda kaydedilmistir ICC = 0.655, %95
GA:0.045-0.955, p = 0.026). Ayrica, ISQ degerlerinin tork
tutarlihigs ile pozitif korelasyon gosterdigi gézlemlenmistir;
bu durum, standart baglant yontemlerinin = Sl¢im
glivenilirligini artirabilecegini géstermektedir.

Sonug: Uygulayict  kaynaklt  degiskenlik, SmartPeg
yetlestirme torkunu ve buna bagl olarak ISQ 6l¢timlerini
etkileyebilmektedir. Sabit tork uygulayan ac1 adaptérii gibi
standart baglanti yontemlerinin kullanimi, RFA temelli
implant stabilite degerlendirmelerinde tekrarlanabilirlik ve
glivenilirligi artirabilir.
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Anahtar kelimeler: Implant stabilitesi, yerlestirme torku,
rezonans frekanst analizi, uygulayict farkliligs, SmartPeg
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INTRODUCTION

Implant therapy has become a widely accepted and
predictable solution for edentulism®. One of the most
critical factors affecting implant success is stability,
which is essential for achieving osseointegration and
determining the appropriate timing for prosthetic
loading?. Implant stability is typically categorized into
two types: primary and secondary®. Primary stability
refers to the mechanical engagement of the implant
with bone immediately after placement, whereas
secondary stability results from biological processes
such as bone remodeling and healing over time®. The
interplay between these two types of stability
determines the clinical outcome of the implant.
Therefore, reliable and objective methods for
assessing implant stability are of great importance in
both research and clinical practice®.

Several techniques have been developed to evaluate
implant stability, including percussion, periotest, and
resonance frequency analysis (RFA)>. Among them,
RFA is a widely accepted and non-invasive method
for assessing the stiffness of the implant—bone
interface by transmitting vibrations through a device
called a SmartPeg’. The SmartPeg is connected to the
implant, and the device measures the resonance
frequency, which is then converted into an Implant
Stability Quotient (ISQ) value ranging from 1 to 1009.
Higher ISQ values indicate stronger bone-implant
integration. The accuracy of this method, however,
depends on various factors, including the bone
quality, implant design, and critically, the consistency
of SmartPeg attachment’. In comparative studies,
magnetic RFA devices have been shown to produce
different stability readings depending on the
connection method, suggesting the need for
standardization in transducer placement®.

Although the Osstell device provides reliable data for
clinical decision-making, inconsistencies in ISQ
measurements have been reported due to variations
in the torque applied during SmartPeg placement’.
Previous studies have shown that both under- and
over-tightening can lead to deviations in ISQ values,
potentially  affecting clinical interpretations'’.
Additionally, factors such as practitioner technique,
fatigue, and hand dominance may influence the
torque  applied during manual = SmartPeg
attachment!!. Despite its widespread use, there is still
a lack of standardization in the SmartPeg connection
process, and little is known about the impact of
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practitioner-related  variability on ISQ  values.
Therefore, it is essential to evaluate whether the use
of a standardized connection method such as an
angulated adapter with predefined torque can
minimize these discrepancies and improve
measurement reliability.

This study aimed to evaluate the effects of SmartPeg
connection methods and practitioner-related
variability on ISQ measurements obtained using the
Osstell device. The torque values resulting from
manual SmartPeg placement by four practitioners
with equal clinical experience were compared with
those obtained using an angulated adapter that
applied a standardized torque of 10 Ncm. The goal
was to determine whether the standardized
connection technique could reduce inter-operator
variability and enhance the consistency of RFA-based
implant stability assessments.

MATERIALS AND METHODS

Study design and sample

This in vitro experimental study was conducted to
evaluate the effects of SmartPeg connection methods
and practitioner-related  variability on implant
stability measurements. This study was conducted at
the Department of Oral and Maxillofacial Surgery,
Faculty of Dentistry, Hatay Mustafa Kemal
University (Hatay, Tirkiye). Fresh bovine femur
bones with D1 bone quality were used, and each of
the four practitioners placed 40 implants. The bones
were stored in a refrigerated environment until the
procedure.

Only fresh bovine femur bones with D1 bone quality,
free of fractures, deformities, or prior manipulations,
were included in the study. Specimens with visible
surface damage or any irregularities in cortical
structure were excluded. To eliminate variability due
to operator experience, only oral and maxillofacial
surgeons with equal levels of clinical training and
experience participated in the procedures.

Practitioner standardization and sequence

The procedures were performed by four oral and
maxillofacial surgeons, consisting of two female and
two male practitioners, all with equal clinical
experience. The practitioners performed implant
placement and SmartPeg connection in a rotating
sequence to minimize fatigue and standardize
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conditions. At the beginning of each cycle, the first
female practitioner started the procedure on 10
implants, followed by the first male, the second
female, and the second male practitioner, each
performing 10 implants in turn. This cycle continued
until each practitioner had completed 40 implants.
During the process, practitioners had resting periods
until their turn resumed, ensuring equal workload and
minimizing physical strain. The entire procedure was
completed simultaneously in a controlled laboratory
setting.

Implant placement procedure

Titanium dental implants with a diameter of 3.4 mm
and a length of 11 mm (MGM Dental Implant
Systems, Beaswiller, Germany) wete used throughout
the study. The implants were inserted into fresh
bovine femur bones with D1 bone quality under
controlled laboratory conditions. Fach implant site
was prepared using a sequential drilling protocol as
recommended by the manufacturer. To ensure
parallel and reproducible placement, a custom
sutrgical guide was utilized during implant insertion.
All implant placements were performed manually
without the use of a torque device, and insertion
torque values were not recorded at this stage to
prevent interference with subsequent stability
measurements.

Figure 1. View of the MGM implants placed into
the bovine femur specimens in a standardized
linear alignment.
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SmartPeg connection and torque
measurement

Following implant placement, SmartPeg devices
compatible with the Osstell ISQ system were
connected to each implant. The SmartPeg was
attached manually by the same operator who placed
the implant. A manual torque wrench was used to
quantify the applied connection torque. The torque
value used for each connection was recorded in
Newton-centimeters (Ncm). Variability in torque
values among practitioners constituted one of the
main variables of the study. All measurements were
performed under the same environmental conditions
to minimize external influences.

Figure 2. Placement of the smartpeg driver with an
angulated adapter.

Implant stability measurement (RFA)

Implant stability was assessed using resonance
frequency analysis (RFA) with the Osstell ISQ device.
For each implant, measurements were taken in two
perpendicular  directions: mesiodistal ~ and
buccolingual. The ISQ values obtained from these
directions were recorded separately. The mean ISQ
value of the two measurements was calculated for
each implant and used as the final stability score. All
measurements were performed immediately after
SmartPeg connection, without any delay, under
consistent laboratory conditions.
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Figure 3. Resonance frequency analysis performed
using the Osstell device following smartpeg
placement.

Statistical analysis

Statistical analysis was performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA). The Shapiro-
Wilk test was used to assess the normality of data
distribution. For normally distributed data, the
independent samples t-test was used to compare
differences between practitioner groups. One-way
ANOVA and Tukey's HSD post-hoc tests were used
for comparisons among more than two independent
groups. The intraclass correlation coefficient (ICC)
based on a two-way random-effects model was used
to evaluate inter-practitioner reliability of placement
torque values among female, male, and angulated

Torque and stability differences in implant measurements

placement groups. ICC scores were interpreted as
follows: <0: no agreement; 0—0.20: slight; 0.21-0.40:
fair; 0.41-0.60: moderate; 0.61—0.80: substantial; and
0.81-1.00: almost perfect agreement. Descriptive
statistics were expressed as mean T standard
deviation (SD), minimum-maximum for numerical
variables, and number (%) for categorical variables. A
p-value < 0.05 was considered statistically significant.

Ethical Approval Statement

This study was conducted using bovine femur bone
specimens and did not involve human participants or
live animals. Nevertheless, ethical approval was
obtained from the Non-Interventional Clinical
Research Ethics Committee of Hatay Mustafa Kemal
University (Meeting Date: 01.04.2024, Meeting No:
03, Decision No: 25). The study was reviewed and
approved unanimously by the committee, confirming
compliance with ethical and scientific standards.

RESULTS

To investigate the effects of practitioner-related
variability and the use of an angulated adapter on
insertion torque and implant stability values, 40
implants placed by each of the four practitioners were
evaluated. Both intra- and inter-practitioner reliability
were assessed. The results of the comparative
analyses performed between different practitioners
and connection methods are presented in the
following tables.

Table 1. Comparison of ISQ measurements between two practitioners for male and female groups, with intra-

practitioner reliability analysis.

Gender | Practitioner n Mean * SD Min-Max Difference p (paired ICC (95% CI) p (ICC
(95% CI) t-test) F-test)

Female Practitioner 1 40 69.80 + 2.48 63.25-73.5 0.16 (-1.02, 0.69) 0.702 0.602 (0.247-0.789) 0.002

Female Practitioner 2 40 69.96 £ 2.52 | 62.25-75.75

Male Practitioner 1 40 81.43 £ 211 | 77.75-85.50 | 0.22 (-0.72,1.14) 0.633 0.006 (-0.870-0.473) 0.492

Male Practitioner 2 40 8122+ 193 | 77.75-86.25

*mean: average value; SD: standard deviation; min: minimum; max: maximum; ICC: intraclass correlation coefficient; ISQ: implant stability

quotient; p-value: probability value; CI: confidence interval

Table 2. Differences and concordance analyses of placement torque measurements in women, men, and

angulated adapter groups

Group Female (n=40) Male (n=40) Angulated Adapter (n=40) p-value

Torque 69.88+2.11 81.66+1.43 80.88+1.55 <0.001

Measurements (62.75-73.5) (78.38-85) (78-83.5)

ICC (%95 CI) 0.655 0.026
(0.045-0.955)

*mean: average value; SD: standard deviation; min: minimum; max: maximum; ICC: intraclass correlation coefficient; p-value: probability

value; CI: confidence interval.
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In the analysis of 40 implants, a statistically significant
difference was found between the mean insertion
torque values of the female, male, and angulated
adapter groups (p<<0.001) (Table 2). The insertion
torque values of the male surgeons were found to be
similar to those of the angulated adapter group, while
the insertion torque values of the female surgeons

Cukurova Medical Joutrnal

were statistically significantly lower (p<<0.05) (Figure
1). The Intraclass Correlation Coefficient (ICC)
between the female, male, and angulated adapter
groups was assessed, revealing substantial agreement
(ICC = 0.655, 95% CI: 0.045-0.955, p = 0.026). This
indicates significant consistency across the three
groups, with the measurements being highly reliable.

Table 3. Consistency analysis of insertion torque measurements between female, male, and angulated adapter

groups
Group Comparison ICC (95% CI) p-value
Female - Angulated Adapter -0.392 (-0.392 / 0.219) 0.723
Male - Angulated Adapter -0.249 (-0.517 / 0.064) 0.944
Male — Female 0.008 (-0.011 / 0.042) 0.159

*ICC: intraclass correlation coefficient; p-value: probability value; CI: confidence interval

The consistency between group pairs was further
examined through ICC wvalues (Table 3). The
comparisons revealed no significant agreement
between any pair: female and angulated adapter (p =
0.723), male and angulated adapter (p = 0.944), or
female and male practitioners (p = 0.159). All ICC
values were close to zero or negative, indicating a lack

of reliable consistency across these group
comparisons.
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As illustrated in Figure 1, the insertion torque values
were found to be highest and most consistent in the
male and angulated adapter groups. In contrast, the
female group exhibited lower torque values with
greater  variability, indicating less  uniform
performance in implant placement.

Male

Angulated Adapter

Group

.Figure 4. Boxplot of insertion torque measurements across female, male, and angulated adapter groups
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DISCUSSION

Resonance Frequency Analysis (RFA) measurements
conducted during or after the osseointegration
process can be affected by multiple variables, each
exerting a significant influence on Implant Stability
Quotient (ISQ) values!t. Among these, implant
diameter and length have been consistently shown to
affect both primary and secondary stability, thereby
impacting  ISQ  measurements®’.  Moreover,
variations in implant surface characteristics, thread
design, and dimensional specifications across
different implant systems further contribute to ISQ
variability®!2.

The practitionet’s technique, experience, and applied
insertion torque also play a crucial role in implant
stability outcomes!®. Although all operators in our
study had equal years of experience, differences in
ISQ readings suggest that subtle variations in
handling techniques may still affect outcomes. A
previous study reported significant ISQ differences
even among experienced surgeons, highlighting
operator-related  variability potential
confounding factor!14,

as a

Furthermore, the method of SmartPeg connection
can significantly influence the reliability and
repeatability of RFA measurements”. A hand-
tightened connection may introduce inconsistent
torque levels, while a calibrated torque-controlled
method ensures standardization®!¢. In comparative
studies, magnetic RFA devices have been shown to
produce different stability readings depending on the
connection method, suggesting the need for
standardization in transducer placement®.

Several reports emphasize that SmartPeg tightening
torque significantly impacts ISQ values!¢. Excessive
torque may damage internal threads or components,
while insufficient torque might result in movement
during measurement, reducing accuracy. For this
reason, it is recommended to apply consistent force
during transducer connection to achieve reliable
outcomes!’.

Lastly, our results support the literature in suggesting
that although ISQ provides valuable information
about implant stability, its accuracy can be influenced
by technical variables, including connection method
and operator differences!'®!. Therefore, interpreting
1SQ should consider  these

values always
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methodological factors to avoid misinterpretation of
stability outcomes.

In conclusion, the findings of this study demonstrate
that inconsistencies in manually applied SmartPeg
insertion torque may affect the reliability of
resonance frequency analysis. Consistent torque
application was associated with more reliable ISQ
values. The use of a standardized connection method
such as an angulated adapter applying fixed torque
can reduce operator-related  variation. ‘This
emphasizes the importance of standardizing
transducer  connection techniques to
reproducible and  objective implant
measurements.

ensure

stability

This study has several limitations. Firstly, the research
was conducted in a controlled ex vivo setting, which
may not fully replicate the complexities of clinical
conditions. Although the bovine femur model
structurally approximates the human jawbone, it does
not reflect all biological and physiological variables
present in vivo. Additionally, the use of a single
implant system and a uniform bone quality (D1)
limits the generalizability of the findings to other
clinical ~ scenarios.  Although  gender-related
differences in hand strength were discussed,
individual grip strength was not objectively measured,
which may have influenced the torque application.
Despite these limitations, the study provides
meaningful insights into operator-related variability
in implant  stability —measurements.  Future
investigations should incorporate in vivo models,
multiple implant systems, and diverse bone densities
to enhance clinical applicability.
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