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Objectives: The objective of this study is to mathematically evaluate the influence of multiple
factors on implant stability quotient values in clinical practice.

Patients and methods: Resonance frequency analysis was performed at T1 (measured
immediately at the time of implant placement) and at T2 (measured before dental restoration)
in 177 patients (329 implants). Using a multivariate linear regression model, we analyzed the
influence of the following eleven candidate factors: sex, age, maxillary/mandibular location, bone
type, immediate/delayed implantation, bone grafting (presence or absence), insertion torque, I-/
II-stage healing pattern, implant diameter, implant length, and T1-T2 time interval.

Results: The following factors were identified to significantly influence the implant stability quo-
tient (ISQ) values at T1: insertion torque, bone grafting, I-/II-stage healing pattern, immediate/
delayed implantation, maxillary/mandibular location, implant diameter, and sex. In contrast, the
ISQ values at T2 were significantly influenced only by three factors: implant diameter, T1-T2
time interval, and insertion torque.

Conclusion: Among the eleven candidate factors, seven key factors were found to influence
the T1-ISQ values, while only three key factors influenced the T2-ISQ values. Both T1 and
T2-ISQ values were found to be influenced by implant diameter and insertion torque. T1 was
influenced specifically by the sex of the patient, the location (maxillary or mandibular), the
implantation mode (immediate/delayed implantation), the healing stage, and the absence or
presence of bone graft materials.

Keywords: resonance frequency analysis, implant stability quotient, dental implant, immediate
implantation, delayed implantation, insertion torque

Introduction

Since the pioneering work of Branemark in 1952,! dental implants have become a
widely used treatment option in the past few decades. Dental implants are used to
provide mechanical support for various dental prostheses, such as crowns, bridges,
dentures, and orthodontic apparatuses. The basis for such a desired support function
by an implant is its mechanical stability. This is generally described, as a function of
time, as a primary and a secondary stability. The primary stability is largely based
on an immediate mechanical anchoring of the implant in the surrounding bone upon
surgical implantation. The secondary stability is achieved by a biological healing
process — called osseointegration — and it forms a direct structural and functional con-
nection between the implant and the neoformed surrounding bone tissues, without any
interpositioned connective tissue.? In clinical practice, the degree of implant stability is
considered to be an important parameter to estimate the scope of mechanical loading
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capability and to provide baseline information as a tool to
assess the clinical outcome and time course.

A large number of efforts have been made to identify and
to develop novel techniques for the quantitative assessment
of'the implant stability. An ideal technique should be simple,
noninvasive, and clinician friendly. One of the candidate tech-
niques is Periotest.** However, the Periotest readings do not
always correspond precisely to a biomechanical parameter,
since they are strongly related to the excitation direction and
position.*® As an alternative, resonance frequency analysis
(RFA) was proposed to estimate implant stability in 1996.7¢
RFA is performed using a small transducer that is fastened
to implants/abutments. This transducer has a vertical beam
that is attached using two piezoceramic elements. One piezo-
ceramic element produces a vibration consisting of a small
sinusoidal signal in the range of 5—-15 kHz in steps of 25 Hz
and the other element analyzes the response of the transducer
to the vibration.® The peak amplitude of the response is coded
into a parameter called the implant stability quotient (ISQ).
ISQ values range from 0 (indicating a totally mobile implant)
to 100 (indicating a perfectly stable implant-bone complex).’
The ISQ value is positively correlated to the mechanical
stability of an implant. RFA is a noninvasive technique and
shows a high reproducibility of results.!®!! In recent years,
RFA has become one of the most widely used techniques to
assess stability on the spot in order to determine the possible
loading occasion and to assess the long-term survival of den-
tal implants.' ISQ values ranging from 60 to 80 are widely
accepted as a standard for achieving primary stability.'>-!3
In the clinic, ISQ values of at least 55 at the time of implant
placement might be considered as representing clinically
relevant stability and possible predictors of successful
osseointegration.!>!> As for immediate implant loading, an
ISQ measure of 60-65 will ensure a good prognosis.'

Attempts to achieve early functionality of implants have
been continuously pursued in the field of oral implantology.
Immediate implantation is associated with several advantages,
such as the reduction of surgical trauma, the shortening of the
treatment time, and the improved preservation of surrounding
bone and soft tissue. In cases with sufficient primary stability,
evidence is presented in the literature that immediate implan-
tation (or even immediate loading) yields equal efficacy in
terms of long-term success and esthetic outcome compared to
delayed implantation.!” However, the technique of immediate
implantation is still a challenge with respect to achieving suf-
ficient primary stability of the implant that, if not achieved,
may lead to a higher implant failure rate.'® Careful case
selection must be performed to avoid treatment failures and
esthetic complications when deciding between immediate and

delayed implant placements.'® Therefore, it is also of great sig-
nificance to estimate the case-specific ISQ values in order to
create a detailed treatment plan. For this purpose, continuous
efforts are made to elucidate the influence of various factors
on ISQ values using the RFA technique. In previous studies,
some of the factors that were investigated that possibly influ-
ence the ISQ values are implant design,’ insertion torque,'
immediate/delayed implantation,? drilling design,?'*> bone
density,? bone grafting, and mechanical loading pattern.?*
Most of these studies demonstrated a significant influence of
such factors on the basis of the assessment of the relationship
between ISQ values and single and/or several factors. Albeit
so, the weight coefficients of the various influencing factors
for the ISQ values remained unrevealed, so that most of the
decisions made by clinicians are still made largely based
on practical experience. A mathematical model may play a
critical role to thoroughly assess the individual contribution
of the various factors on ISQ values in clinical situations by
performing multivariate analyses. Hitherto, there is still a
lack of such an adequate mathematical model.

In this study, we retrospectively analyzed both the demo-
graphic and clinical data of 329 implants from 177 patients by
using a multivariate linear regression analysis. We wished to
determine the contribution of each of the individual factors to
the ISQ values in a clinical set up in order to provide baseline
data for the creation of a mathematical model to estimate the
likely ISQ value for an individual case.

Patients and methods

Patients and implants

The conduct of this study was approved by the Review Board
of the Best & Easy Dental Clinic, People’s Republic of China.
It is routine for all patients at the Best & Easy Dental Clinic
to give an informed written consent for potential inclusion
in clinical studies. In this retrospective study, we reviewed
the data of all the patients who received implant treatment in
the Best & Easy Dental Clinic, Hangzhou, People’s Republic
of China, from 2012 to 2015. SICace implants (SIC Invent
AG, Basel, Switzerland) with different diameters and lengths
were used. All the implants were placed by the same surgeon.
In total, 178 patients with 331 implants were included in the
study. There were two implant failures (the failure rate was
0.6%) over this time period. The data of these two implants
were not included in the following analysis.

General inclusion and exclusion criteria

for implant treatments
In the Best & Easy Dental Clinic, we used the American
Society of Anesthesiologist (ASA) classifications (ASATL,
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ASA2, and ASA3) to evaluate the systemic health status of
patients for establishing the inclusion criteria for implant
treatment.? Briefly, well-controlled status of the patient
in case of systemic disease (to tolerate the surgery) was
considered. Regarding the oral health, patients with only
mild and/or moderate (but well controlled) periodontitis
and patients with a good oral hygiene status were included.
Patients were excluded from implant surgery if they were
pregnant or would be unable to withstand the stress of dental
implant surgery (ASA4-5). Patients were also excluded if
they had severe/uncontrolled periodontitis.

Patient records

We retrospectively collected the following data from patients:
potential candidate factors possibly influencing the ISQ
values: (X1) sex, (X2) age, (X3) maxillar/mandibular loca-
tion, (X4) immediate/delayed implantation, (X5) presence or
absence of bone grafting, (X6) implant diameter, (X7) implant
length, (X8) I/II-stage healing pattern, (X9) insertion torque,
(X10) bone type, and (X11) T1-T2 time interval.

According to the record of implantation procedure,
the II-stage healing pattern was used only if the insertion
torque was <20 N or the ISQ value <65. The bone type of
the implant sites was categorized into types I, I, III, and IV
according to the classification of Lekholm and Zarb.?

The ISQ values (measured with Osstell™ Mentor;
Integration Diagnostic Ltd., Goteborg, Sweden) were
recorded from the mesial, distal, lingual, and buccal sites of
each implant at both T1 (immediately after implantation) and
T2 (immediately before restoration and loading). Typically,
after 612 weeks, patients received the restoration therapy.
In a few cases, the patients received the restoration/loading
therapy as late as 1 year.

Statistical analysis

Initially, we used the Kruskal-Wallis test to compare the
ISQ values from the mesial, distal, lingual, and buccal sites
of implants at T1 and T2. We used paired #-tests to assess
the difference in ISQ values at T1 and T2 for either imme-
diately placed or delayed placed implants. We also applied
paired #-tests to assess the influence of immediate/delayed
implantation on ISQ values at T1 or T2. Thereafter, we
performed multivariate linear regression analyses to deter-
mine the weight coefficients of the eleven candidate factors
possibly influencing the ISQ values at both T1 and T2 time
points. All the statistical analyses were performed using
an SPSS® 21.0 software (SPSS Inc., Chicago, IL, USA).
Level of significance was set at P<<0.05, and the confidence
level at 95%.

In the multivariate linear regression analysis, the
categories of the influencing factors were transformed
into numbers as follows: (X1) male =1, female =2; (X3)
maxillary =1, mandible =2; (X4) immediate =1, delayed =2;
(X5) bone grafting: no =1, yes =2; and (X8) I-stage =2,
II-stage =1. Dummy variables were used for bone types
(X10): type 1 =100, type 2 =010, type 3 =001, and
type 4 =000. The numbers for the remaining factors were
directly used for statistical analysis.

Results

A total of 329 implants from 177 patients were included in
this study. The descriptive characteristics of all the patients
and implants are listed in Table 1.

There were no significant differences among the ISQ val-
ues measured from the labial, lingual, distal, and mesial sites
at the time points of either immediately after implantation (T1)
or right before loading (T2; Table 2). For both immediate and
delayed implantation, the ISQ values at T1 were significantly
lower than those at T2 (Table 3). At T1, the ISQ values of
immediately placed implants were significantly lower than
those of delayed placed implants. At T2, there was no signifi-
cant difference between the ISQ values of immediately placed
implants and those of the delayed implants (Table 3).

At T1, the multivariate linear regression analysis showed
that the ISQ values were significantly influenced by the fol-
lowing seven factors: (X1) sex, (X3) maxillary/mandibular
location, (X4) immediate/delayed implantation, (X5) bone
graft, (X6) implant diameter, (X8) I-stage/II-stage implanta-
tion, and (X9) insertion torque (Table 4). The relative weight
coefficients (presented as standardized coefficients) of these
factors were as follows: (X1)0.111, (X3) 0.121, (X4) 0.148,
(X5) —0.235, (X6) 0.119, (X8) 0.241, and (X9) 0.286. The
equation used to calculate the ISQ values with the contribu-
tion of each factor is as follows:

Y(T1)=57.263+1.317(X1)+1.471(X3) +1.836(X4)
—4.990(X5) +1.669(X6) +2.961(X8) + 0.131(X9).

(1

At T2, the ISQ values were significantly influenced by
three factors: (X6) implant diameter, (X9) insertion torque,
and (X11) T1-T2 time interval (Table 5). The equation used
to calculate the ISQ value with the contribution of each
factor is as follows:

Y(T2) =56.988 + 4.080(X6) + 0.048(X9) + 0.014(X11).
2)
The relative weight coefficients of these factors were as
follows: (X6) 0.414, (X9) 0.150, and (X11) 0.191.
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Table | Descriptive characteristics of the patients and implants

Characteristics and Category Number  Number
factors (X) of of
patients implants
Number of patients 177
Number of implants 329
Sex (X1) Male 103
Female 74
Age (years) (X2) 19-30 17 18
31-40 32 65
41-50 45 70
51-60 44 86
61-70 20 50
71-80 9 25
81-100 2 5
Missing data 8 10
Maxillary/mandible location Maxilla 66 112
(X3) Mandibular Il 217
Immediate/delayed Immediate 71 103
implantation (X4) Delayed 106 226
The need of bone graft (X5) Yes 21 27
No 156 302
Implant diameter (mm) (X6) 35 30
4 203
4.5 58
5 38
Implant length (mm) (X7) 7.5 6
9.5 120
1.5 103
13 95
14.5 5
I/ll-stage healing pattern (X8) | stage 105
Il stage 224
Insertion torque (X9) 10-20 N 38
21-30 N 99
3140 N 52
41-50 N 118
51-60 N 7
Missing data 15
Bone type (X10) | 95
2 51
3 62
4 83
Missing data 38
T1-T2 time interval (X11) 1.5 21
(months) 2 30
2.5 37
3 25
35 47
4 30
5 31
6 46
>7 35
Missing data 27

Discussion

In the field of dental implantology, a consensus has been
reached that sufficient primary stability is critical in order
to provide a mechanically stable microenvironment for
the proper establishment of implant osseointegration — the
biological basis for the secondary stability and for full implant
functionality. Consequently, the availability of numeric stabil-
ity values is a prerequisite for the estimation of the loading
time schedule and the assessment of the long-term success rate
of implants. RFA is a tool for the rapid, easy, objective and
noninvasive measurements of the stability of implants without
causing any patient discomfort. In a recent well-controlled
in vitro study, ISQ values measured with RFA were found to
be proportional to the mechanical stability of implants.!” On
this basis, ISQ values are widely used as a basic parameter
for clinical decision making. A precise and reliable estimation
of the ISQ value in each case is thus a fundamental need
to provide grounding for designing a realistic and accurate
treatment plan. In this study, using a retrospective analysis,
the possible role of eleven different candidate factors was
considered. On these grounds, we formulated a mathematical
model to estimate the weight coefficients of candidate fac-
tors for a more precise assessment of both the primary and
secondary implant stabilities (Tables 4 and 5).

The design of an implant is one of the most fundamental
elements to affect the implant primary and secondary stability.’
The design features consist of two major categories: 1) the
macrodesign, such as thread design and body shape and 2) the
microdesign, such as the implant topography.” Gehrke et al
recently indicated that the conical implants with a wide pitch
were associated with significantly greater primary stability
values than the semiconical implants with narrow pitch bores.
In our study, we used only one implant type (SICace) with an
identical macro- and microdesign, which thus may exclude the
potential influence of implant design factors. Therefore, we
did not include the implant design as a candidate factor in our
analysis. Similarly, the preparation technique of the surgical
site may also potentially influence implant stability.”” This
parameter was also excluded in this study, since the surgi-
cal site preparation was performed by the same experienced
implantologist using one single implant system.

Table 2 Kruskal-Wallis analysis to compare the values of implant stability quotient that were measured from the labial, lingual,

distal, and mesial sites using resonance frequency analysis technique immediately after implantation (T ) and right before loading (T2),

respectively

Mesial Distal Labial Lingual Mean P-value
TI 74.85+6.486 74.09+6.652 74.02+7.193 74.40+6.865 74.3416.750 1.781
T2 77.26+4.781 76.65+4.751 76.97+5.048 77.14+4.988 77.00+4.892 0.619

Note: Data shown as mean + standard deviation.
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Table 3 Paired t-test analysis to compare the values of implant
stability quotient (ISQ) between immediately after implantation
(Tl) and right before loading (T2) for either immediate
implantation or delayed implantation (horizontal)

TI T2 P-value
Immediate 73.6816.50 77.00+4.30 <0.001*
Delayed 75.82+5.49 77.63+4.07 0.001*
P-value 0.038* 0.334

Notes: Paired t-test to assess the influence of immediate/delayed implantation on
1SQ values at T| or T2 (vertical). *Statistically significant difference.

Bone type was not found to be a determining parameter
influencing either T1 or T2 in our study. This finding was
consistent with a recent 1-year follow-up study with 101
implants.?® In that study, it was concluded that the baseline
microstructural bone characteristics that were assessed by
histomorphometric and microtomographic analyses did not
significantly influence implant stability. Furthermore, using a
similar classification method as in this study, the bone type was
found not to be a significant influencing parameter either.”

Apart from the implant design, the diameter and length of
implants were other implant-related factors that might influ-
ence implant stabilities. In a recent in vitro biomechanical
study, the primary stability of wider implants was found to be
significantly higher in hard bone than the narrower implants
using insertion torque as a parameter.”> However, such dif-
ferences have not been confirmed when using ISQ values as
the estimator. These conflicting data might originate from a
much smaller correlation (than generally assumed) between
micromotion and insertion torque values than those obtained
with ISQ measurements.” In fact, in a small-scale prospec-
tive clinical trial, Han et al'* showed that ISQ values were
not correlated with implant diameter values over a 12-week
postoperative monitoring time period. However, in our
retrospective study with 329 implants, the implant diameter

was found to be a significant parameter influencing ISQ values
both at T1 (Table 4) and T2 (Table 5). At T1, using equa-
tion 1, the 1.5 mm diameter difference between the 3.5 mm
and 5 mm implants could be transformed into a difference
of 2.503£1.131 (calculated by multiplying 1.5 by 1.669) in
ISQ values. However, its weight coefficient was 0.119, which
was quite similar with X1, X3, and X4, but much lower
than X5, X8, and X9. These data suggested that the implant
diameter was a significant but relatively mild influencing
factor to estimate ISQ values at T1. In contrast, such 1.5 mm
difference in implant diameter could be transformed into a
difference of 6.120£1.047 at T2. The weight coefficient of
implant diameter (0.414) was also much higher than X9
(0.150) and X11 (0.191) at this time point. These results thus
indicated that the implant diameter was a major influencing
factor on ISQ values at T2 (Table 5). Previous studies also
showed that implant diameters could significantly influence
ISQ values.?*3! In contrast to this, the implant length was not
found to be a significant influencing parameter at either T1 or
T2 time points in our study. This finding was consistent with
a previous study showing that implant length did not signifi-
cantly influence primary stabilities of implants.? However,
the implant length still might play a role in influencing implant
stability provided that singly calculated correlations between
implant length and implant stabilities were performed.*>*
Furthermore, in particular cases, such as in patients with
low bone quality, the optimization of the implant length and
diameter should be considered in order to achieve higher
primary implant stability values.**

The maxillary/mandibular location was expected to rep-
resent a determining parameter influencing ISQ values, and
indeed most implants in the maxilla had an ISQ of <60, and
those in the mandible had an ISQ of >60.% It was also found
that the ISQ values were generally higher in the mandible

Table 4 Multivariate linear regression analysis to analyze the weight coefficient of each influencing factor for the values of implant
stability quotient that were measured immediately after implantation T|

Constant and Unstand coef Stand P-value 95% confidence interval for
influencing B SE coef, B Lower bound Upper bound
factors (X)

Constant 57.263 4.226 - 13.551 0.000 48.942 65.585
X1 1.317 0.622 0.1l 2.116 0.035 0.091 2.542
X3 1.471 0.652 0.121 2.257 0.025 0.188 2.755
X4 1.836 0.664 0.148 2.763 0.006 0.527 3.144
X5 -4.990 1.135 -0.235 -4.395 0.000 —-7.226 -2.754
X6 1.669 0.754 0.119 2212 0.028 0.183 3.154
X8 2.961 0.657 0.241 4.504 0.000 1.666 4.255
X9 0.131 0.025 0.286 5313 0.000 0.082 0.180

Note: XI, sex; X3, maxillary/mandibular location; X4, immediate/delayed implantation; X5, the need of bone grafting; X6, implant diameter; X8, I/ll-stage implantation;

X9, insertion torque.

Abbreviations: unstand coef, unstandardized coefficients; stand coef, standardized coefficients; SE, standard error.
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Table 5 Multivariate linear regression analysis to analyze the weight coefficient of each influencing factor for the values of implant

stability quotient that were measured right before loading T2

Constant and Unstand coef Stand t P-value 95% confidence interval for 8
influencing B SE coef, B Lower bound Upper bound
factors (X)

Constant 56.988 3.043 - 18.726 0.000 50.977 63.000

X6 4.080 0.698 0414 5.848 0.000 2.702 5.459

X9 0.048 0.023 0.150 2.115 0.036 0.003 0.093

X1 0.014 0.005 0.191 2715 0.007 0.004 0.025

Note: X6, implant diameter; X9, insertion torque; X| I, TI-T2 time interval.

Abbreviations: unstand coef, unstandardized coefficients; stand coef, standardized coefficients; SE, standard error.

(59.8) than in the maxilla (55.0), but when using cylindrical
implants, then they were not associated with a significant
difference.?® Furthermore, a similar phenomenon was also
observed by Gehrke and Neto.*® In contrast to this, man-
dibular implants were found to show statistically higher ISQ
values than maxillary implants.’! In our study, we showed
that the maxillary/mandible implant location was clearly a
significant influencing factor at T1, but not at T2. Accord-
ing to the equation 1, the mandibular location might confer
implants with 1.471+0.652 (mean + standard error [SE])
higher values than those of the maxillary location. The weight
coefficient of this factor was 0.121, which indicated its mild
influence. This finding may also explain why a significant
difference was not always detectable, even though a higher
value was always found in the mandibular implants.
Immediate implantation is able to significantly shorten
the clinical treatment time. Therefore, immediate implanta-
tion has been extensively evaluated (provided favorable
conditions are given) in the last 2 decades, and it has been
reported to yield success rates ranging from 92.7% to
98%.3¢ The 7-year cumulative survival rate for immediately
placed implants with an immediate loading scheme could
also reach 94.6% success rate.’’” In a long-term follow-up
study, no significant differences in the success rates and in
the esthetic outcomes between immediately and delayed
placed implants'” were reported. Gehrke et al® recently
showed that delayed placed implants bore insignificantly
higher ISQ values than the immediately placed implants.
In our study, we showed that immediate/delayed implanta-
tion was a significant influencing factor on ISQ values at
T1, at which a delayed implantation might confer implants
with 1.8362+0.664 (mean = SE) higher ISQ values than
immediate implants do (Table 4). However, at T2, this
parameter is not significantly different anymore between the
two groups (Table 5). These data from multivariate linear
regression analyses were consistent with those from paired
t-test (Table 3). These findings showed that, with a careful

selection of cases, an immediate implantation exhibited no
significant difference in secondary stabilities when compar-
ing with delayed implantation. However, immediate/delayed
implantation can result in significantly different ISQ values
when considering maxillary locations.*®

Similarly, for some other candidate factors, conflicting
findings were found regarding the relationship between sex
and ISQ values. Previous studies showed that males were
associated with either significantly higher,* or significantly
lower* or similar*! ISQ values when comparisons were done
with females. Guler et al*> showed that the sex parameter
indeed influenced the ISQ values significantly only if a
second measurement was done. This inconsistency may be
due to a large variation of the experimental conditions, such
as the choice of the measurement time point, special implant
locations and inclusion of different types of populations/
ethnic groups. In our study, the female patients showed
1.31740.622 (mean * SE) higher ISQ values than the males
(which was a significant difference at T1, but not at T2).
We did not identify a significant influence of the age of the
patient on the ISQ values at either T1 or T2.

In our study, the need of bone grafting indeed negatively
influenced ISQ values. A 4.99010.622 (mean * SE) lower
ISQ value could be expected when there was such a need.
This sounded reasonable since such a need was indeed associ-
ated with significantly smaller bone coverage of the implants.
The II-stage healing pattern showed significantly higher ISQ
values (2.961+0.622 [mean % SE]) than the I-stage healing
pattern at T1. This was also not unexpected since the II-stage
healing pattern was performed with insertion torques <20 N
or the ISQ value <65 in this study. At T2, this factor became
insignificant, which suggested that I/II-stage implanta-
tion might not influence the osseointegration process.
Consistently, I/II-stage implantation was previously shown
not to result in different degrees of osseointegration.®

One limitation of this study is that the equations might be
specific for the implantologist, this implant system and/or this
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dental clinic. Careful interpretation is thus needed if extrapo-
lation of the current data is planned to estimate ISQ values
for patients/implants of other implantologists. However, with
this study, we would like to provide a mathematical basis
to analyze the weight coefficients of potential influencing
factors. Every implantologist can establish his or her own
equation to more precisely estimate ISQ values for the future
cases. In future studies, we will further investigate the reli-
ability and accuracy of this mathematical model for other
types of implants.

Conclusion

Among the eleven candidate parameters, seven key factors
influencing the ISQ values at T1 were identified, and only
three key factors at T2. Within the limitations of this study,
the mathematical model used enabled us to evaluate not
only the significance but also the weight coefficients of
various influencing parameters, which thus provides a viable
novel method to more accurately estimate the ISQ values
of implants.
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