
Contents lists available at ScienceDirect

Journal of Oral Biology and Craniofacial Research

journal homepage: www.elsevier.com/locate/jobcr

The clinical significance of implant stability quotient (ISQ) measurements: A
literature review
Huang Ha,b, Wu Ga, Hunziker Eb,c,∗

a Department of Oral Implantology and Prosthetic Dentistry, Academic Centre for Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije University Amsterdam,
Gustav Mahlerlaan, 3004, 1081LA Amsterdam, Nord-Holland, the Netherlands
bDepartment of Osteoporosis, Inselspital Bern University Hospital, Freiburgstrasse 3, CH-3010, Bern, Switzerland
c Departments of Osteoporosis and Orthopaedic Surgery, Inselspital Bern University Hospital, Freiburgstrasse 3, CH-3010, Bern, Switzerland

A R T I C L E I N F O

Keywords:
Resonance frequency analysis
ISQ
Dental implants
Review
Influencing factors

A B S T R A C T

Implant stability quotients (ISQ values) are obtained in dental clinical practice on a non-invasive basis by re-
sonance frequency measurement rapidly after surgical placement of implants. The ISQ-values are used as in-
dicator for mechanical implant stability, and are believed to have predictive power for clinical outcome. It is the
aim of this review to provide a synopsis of all factors described in the literature that influence ISQ measurements
by performing an exhaustive literature review; moreover, this review aims at elucidating the key factors relevant
for a rapid clinical predictive assessment. We searched systematically and exhaustively all major databases for
publications relating to ISQ measurement methodology and for ISQ-influencing factor analyses. The reports
identified were ordered in experimental (preclinical) studies and in clinical publications. We were able to
identify 13 basic factors influencing ISQ-measurements. Among these, local bone quality, playing a key role in
such measurements, was subdivided in four specific subfactors; thus a total of 17 individual factors was iden-
tified and reported to influence ISQ-measurements. A comprehensive list of these factors is provided in Table-
form. A critical analysis points out that only 6 of these factors are of a sound predictive power useful for a rapid
clinical assessment; and only two of these factors appear to have a well-documented scientific basis.

1. Introduction

In the past decades, dental implantology has become one of the
most widely used therapeutic options to treat (partially or completely)
edentulous patients. Without the risk of damaging natural teeth, dental
implants serve as artificial roots in jaw bones, thereby mechanically
supporting various fixed and removable (partial) dentures.
Consequently, their well-established mechanical stability forms the
biological basis for their successful use in daily life. Immediately after
implantation, a sufficient primary stability must be achieved by the
mechanical retention of the implant into the surrounding bone, which
provides an indispensable mechanical microenvironment for the gra-
dual establishment of bone healing, also known as osseointegration.
The primary stability plays a dominant role for implant stability during
the first week after implantation, and thereafter decreases significantly
to minimal levels at about 2 weeks1,2 postoperatively. Whereas the
primary stability of implant-to-bone contact sites are established by
appropriate surgical anchoring techniques of the implants,3 the sec-
ondary stability is based on a biological process — called

osseointegration — during which a new structural and physiological
bony contact between the implant surfaces and the pre-existing as well
as neoformed surrounding bone tissues is formed4 by inherent osteo-
genic activities. The degree of secondary stability then increases con-
tinuously over time, and more rapidly increases about 2.5 weeks after
implantation to achieve a plateau level at about 5 or 6 weeks after
implantation. The whole transition process from the initially dom-
inating primary stability phase to the finally dominating secondary
stability phase lasts roughly 5–8 weeks.1

In clinical practice, implant stability measurements (ISQ) are used
as an indirect indicator to determine the time frame for practical im-
plant loading and as a prognostic indicator for possible implant failure.5

Given the high clinical significance of quantitative implant stability
estimations, a number of methods, such as the periotest assay and re-
sonance frequency analysis (RFA), have been developed to estimate
quantitatively this parameter.6–8

In recent years, RFA has become one of the most widely used
techniques to assess implant stability in clinical practice.9 RFA is per-
formed by measuring the response of an implant-attached piezo-
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ceramic element to a vibration stimulus consisting of small sinusoidal
signals in the range of 5–15 kHz, in steps of 25 Hz on the other element.
The peak amplitude of the response is then encoded into a parameter
called the implant stability quotient (ISQ) that ranges from 0 to 100.10

The ISQ value reflects positively the general mechanical stability of an
implant. And a more detailed analysis of recorded ISQ values of a pa-
tient is of significant help for the surgeon to estimate the practical
loading scheme for an individual patient and to assess, on a quantitative
scale, the long-term survival probability of dental implants.9

ISQ values are, however, under the influence of a large number of
clinical and biological factors, and it is the goal of this review article to
provide a comprehensive overview on the factors that have been re-
ported to influence ISQ values, and on their clinical-practical sig-
nificance. It was previously established that among the various reported
ISQ-influencing factors it is only the age of the patient11,12 that was
later on identified as factor not to have an influence on ISQ values. In
this review, the possible potential ISQ-influencing factors will be ana-
lyzed.

2. Materials and methods

We analyzed systematically and exhaustively all major literature
data bases for publications in which ISQ measurements were performed
and in which factors were identified influencing the measurement re-
sults. The databases analyzed were: PubMed, Ovid Medline, Cochrane
Library, Scopus, Web of Science and Compendex. Search terminologies
encompassed the following: implant stability quotient measurement
(ISQ), dental implant, mechanical stability, predictive power (value),
influencing factor, short term, long term, experimental, clinical. The
terms were varied systematically in different combinations in order to
identify on a comprehensive basis and exhaustively all scientific pub-
lications relating to this topic. The search results were systematically
screened for the key terminologies like ISQ, influencing factor, in vitro,
in vivo, etc (see above); all publications containing minimally one of
these terms (beside ISQ) were considered for this review. The articles
were then ordered in experimental (preclinical) studies and clinical
publications. From a practical-clinical point of view, it was aimed to
obtain information on the initial and follow-up mechanical stability
conditions of an implant, for the loading protocol to be recommended
to the patient, and to obtain information about the prospective out-
come; from a research point of view we aimed to acquire information
respecting which implant-related factors need improvement. Moreover,
we aimed at assessing the possible role of the individual influencing
factor on the ISQ measuring data in order to provide a broadly useful
tool both for practitioners and researchers to define appropriately the
measuring protocols for acquiring the specific information needed on a
rational basis for mechanical stability evaluation of implants, and also
for the better understanding of the practical, clinical and/or theoretical
significance of ISQ measurements.

The number of influencing factors identified by the authors were
selected and listed in Table 1. The statistical methods most frequently
used in these publications are summarized in Table 2. The influencing
factors found were ordered and presented in these two Tables and the
findings described and analyzed for each factor in the Results/Discus-
sion section of this review. In order to improve clarity for the reader in
this extensive literature review, the Results and Discussion sections are
combined in one unit. A short general Discussion is added at the end of
this study.

3. Results and Discussion

The influencing factors identified in this literature review to influ-
ence ISQ measurements are summarized in Table 1, together with the
corresponding references.The presented studies are divided separately
in clinical studies and in in-vitro studies. In the following these factors
are presented each one and are shortly and critically discussed

respecting their potential usefulness and their limitations.

4. Direction of measurement

Respecting spatial (anatomical) directions of measurements in pa-
tients, three publications so far revealed that the measurements from
different directions do not lead to significant differences in the ISQ
measurement results.13–15 However, they suggest that if two different
spatial directions were to be used this may allow clinicians to detect
different patterns of ISQ changes that would otherwise not be identified
if only one direction of measurement was applied.

However, in two in-vitro studies16,17 it was found that the mea-
surement direction appears to have indeed an influence on the ISQ
measurement results, but only under very specific conditions that relate
to the defect characteristics. And the defined six different defect models
in which this effect may occur were the following: a 3-wall-2.5 mm one,
a 3-wall-5 mm one, a 1-wall-2.5 mm model, 1-wall-5 mm model, a
circumferential-2.5 mm one and a circumferential-5 mm defect model
in the adult bovine rib bone. A possible explanation for this finding is
that the spatial directions of measurement may have an influence on
ISQ measurement results provided that such extreme types of bone
defects are established which, however, clinically are very rarely seen
(if at all).

5. Gender

In several publications it was reported that the influence of sex on
implant stability (and thus ISQ measurements) was variable and in-
consistent. Males were found to have either significantly
higher,11,14,18–22 or significantly lower12,23 ISQ values in comparison
with females, or they yielded similar results.24,25 For example, Gule
et al.26 showed that the gender-parameter indeed is able to influence
the ISQ values significantly, but only if a second measurement was
performed. This inconsistency may be due to a large variation of the
experimental conditions established, such as the choice of the mea-
surement time point, the specific implant locations or the inclusion of
different types of populations/ethnics that may have played a role in
leading to such conflicting findings with respect to the relationship
between gender and ISQ values.

6. Implant location

Implant location in the dental area is considered to be a potential
factor able to influence the ISQ values. However, in several studies the
locations used for measurements were defined differently by different
authors: anterior or posterior18,26 and mandibular or max-
illary19,20,24,27–30 locations were used, and using different definitions.
In relation to location within the dental arch, statistical analyses in-
dicated higher ISQ values for anterior implants than for posterior fix-
tures.12 However, in other studies no significant differences were found
among ISQ values relating either implants in the anterior mandible, the
posterior mandible, or the anterior maxilla.18,26 It was also reported
that the ISQ values of implants are generally higher in the mandible
(ISQ≈59.8) compared to those placed in the maxilla (ISQ≈55). An
interesting aspect of this finding is that it seems to be dependent on the
shape of implants since when implants of a cylindrical form were used
then no significant differences31 among ISQ data were found, ISQ va-
lues in such cases thus being independent of a specific location in the
jaw. However, in most publications it is reported that ISQ values of
implants placed in the mandibular region are significantly higher than
those placed in the maxillary regions.19,20,24,27–30 And this was also the
case if implants of an ultrawide shape were used.32 In addition a recent
study of our own group14 revealed that the maxillary/mandible loca-
tion clearly has a significant impact on ISQ data at T1 (T1 is the ISQ
data obtained at the time point of surgical implantation), but not at T2
(T2 is the ISQ value obtained one week after implant placement).
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7. Immediate versus delayed implantation

The immediate implantation surgical protocol is able to significantly
shorten clinical treatment time, and is thus becoming more and more
popular. On the basis of this trend the immediate implantation tech-
nique has been extensively evaluated during the last two decades,
under the precondition that favorable clinical conditions were present
in the patients,33,34 and patients not fulfilling such criteria were strictly
excluded; and various authors reported thereafter clinical success rates
ranging from 92.7% to 98%.35,36

However, in one long-term follow-up study,37 no significant differ-
ences were reported of the success rates, and also the aesthetic out-
comes were comparable when immediately- and delayed-placed im-
plants were compared to each other. But even though this study was
prospective in nature, protocols did not entirely fulfill all the required
prerequisites for such epidemiological analyses; moreover they were
not of a multicenter nature either.

Given this background it is of great interest to realize that im-
mediate/delayed implantation can indeed result in significantly dif-
ferent ISQ values when comparing different maxillary locations.38

Gehrke et al. showed that delayed-placed implants were not associated
with significantly higher ISQ values than immediately placed im-
plants.10 The same results were revealed in a recent study from our
group.14

Malchiodi et al.39 reported that immediate implants when compared
with delayed implant placement seem to be associated with similar ISQ
values at the time of insertion, and also when loading begins (after

more than 3 months); this implies that secondary stability rapidly cat-
ches up, i.e. to a level of ISQ values of similar magnitude as those ob-
tained during the primary stability time phase.

8. Implant diameter

Diameter and length of implants were identified as other factors that
are able to have an influence on implant ISQ results. In a small-scale
prospective clinical trial, Lang and his colleagues40 showed that ISQ
values did not correlate with implant diameter values when measured
over a 12-week post-operative monitoring time period. However, a
number of other studies showed that implant diameters could indeed
significantly influence ISQ values; more specifically, it was found that
when the implant diameter was increased, then the ISQ values obtained
also increased.19,20,27,41),42-45

Interestingly a number of other studies on this topic revealed con-
flicting data: for the final measurement (8th or 12th week post-
operatively) there were no significant differences of ISQ data found
between 4.8 mm diameter implants and those of 4.1 mm; however, the
ISQ data obtained for these two groups were significantly higher than
those for a 3.3 mm diameter group (p < 0.05).26 Surprisingly, no
statistical differences between ISQ results were found at primary and
secondary implant stability time points, measured by RFA for 3.75 mm
diameter groups and for 4.25 mm diameter implants of conventional
shapes.46 We are thus confronted with a number of studies providing
conflicting results respecting ISQ measuring data and implant diameter,
and no clear correlations could be identified. Furthermore, the studies

Table 1
Overview of ISQ-influencing factors and of corresponding references.

Factors Influencing ISQ Number of Clinical studies Number of In vitro studies

Positive effect Negative effect No effect Positive effect Negative effect No effect

1. Spatial (anatomical) direction of
measurements

2 (10,11) 2 (13,14) 1 (12)

2. Gender (male) 9 (8,11,15–19,39,42) 2 (9,20) 2 (21,22)
3. Implant location 10 (8,11,16,17,21,24–27,32) 4 (6,23,28,42) 1 (29)
4. Immediate/delayed implantation 3 (7,11,35) 1 (36)
5. Implant diameter 12 (6,8,11,16–18,23-25, 39,40,42) 7 (9,22,28,37,38, 42,43) 1 (41) 2 (12, 44)
6. Implant length 3 (28,39,48) 1 (8) 5 (9,11,23,40, 42) 4 (41,45–47)
7. Insertion torque 9 (11,16,27,36,48,50, 51,53,103) 5 (9,18,37,43,44) 3 (12,52,53) 1 (49)
8. Macro-design and micro-design 10 (7,16,23,54,55,57,59,65,69,129) 8 (37,60,62–64,66 67,130) 3 (44,56,58) 1 (61)
9. Bone Quality at implantation site
9.1. Bone type 11 (8,28,40,73–78,84,97) 5 (9,11,22,28,42) 1 (131)
9.2. Bone graft 2 (11,84) 4 (39,80–83) 1 (53)
9.3. Cortical bone thickness 4 (85,89,90,92) 1 (93) 6 (13, 46, 86–88,

91)
9.4. Bone to implant contact 3 (98,99) 4 (44, 99,

100))
9.5. Bone vascularity 1 (102)
10. T1-T2 time interval 4 (11,37,84,132) 5 (105–109)
11. I/II stage implantation 1 (11) 1 (112) 1 (111)
12. Implant number 1 (113)
13. Surgical design 9 (114–116, 118–120, 122–124) 3 (50, 125, 126) 1 (117)

Table 2
Numbers of ISQ-influencing factors per study and statistical methods used.

The number of ISQ influencing factors involved in each
publication

References Statistical Methods

3 5 (13, 41, 46, 52, 55) Pearson's correlation, multiple regression analysis
4 4 (12, 24, 84, 85) Mann-Whitney U tests
5 3 (19, 23, 89) Tukey, two-way ANOVA
6 3 (15, 16, 97) Mixed effects model, Pearson's correlation, stepwise multiple regression test, ANOVA method,

Kaplan–Meier survival analysis
7 1 (28) Shapiro–Wilk W-test, t-test, ANOVA with post hoc Tukey HSD test
8 2 (9, 39) A mixed effects model, t-test and ANOVA method
9 1 (8) Pearson correlation, t-test, stepwise multiple regression, chi-squared test
10 1 (11) Kruskal–Wallis test, Multivariate linear analysis
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of Alsabeeha et al.,25 Akkocaoglu et al.47 and Ohta et al.15 showed
specifically that no clear correlation is indeed identifiable between ISQ
values and implant diameter.

9. Implant length

Various clinical studies reported that implant length does not sig-
nificantly influence primary stability of dental implants (as for example
for 8 mm,10 mm,12 mm and 14 mm long implants,26 for 10 mm and
11.5 mm lengths43 and for 7.5 mm, 9.5 mm,11.5 mm,13 mm and
14.5 mm lengths14).

In contrast to these clinical data, several in-vitro studies reported
that longer implants are generally associated with significantly higher
ISQ values than shorter ones.44,48 In some recent publications it was,
however, found that this correlative relationship of implant lengths and
ISQ values is not of a general validity, but is restricted in correlation to
implants of specific diameter groups such as those of diameters of
3.8 mm.49 And Bataineh et al.50 showed that such a significant corre-
lation is only present if an implant length of 15 mm is used. Moreover,
two clinical studies (31,42) reported that an implant length-correlation
to ISQ values could only be found in implants placed in a maxillary
location, but not in the mandible. In addition, the maximum implant
length that Lozano-Carrascal et al.9 used in their study was only 17 mm
which indeed is not commonly used in clinical practice. Only one
clinical study was found in the literature in which ISQ values were
reported to correlate with the length of implants used (and these related
to implants of 8 mm, 9.5 mm, 11 mm, 13 mm, 15 mm and 18 mm in
length51).

It thus appears from the presently available literature, that longer
fixture length can be a factor that is able to influence the implant sta-
bility, but only in case that very particular clinical and geometrical
implant situations exist.

10. Insertion torque

A large number of publications deal with the possible correlation
between the insertion torque (IT) and ISQ value. IT measurements had
been introduced into oral implantology in the early days in order to
provide the clinician with a tool to quantify the degree of primary
stability of the implant, and in order to place the surgical technique on
a solid quantitative footing. The literature data respecting a correlation
between IT and ISQ values are conflicting (see Table 1). The basis for
these conflicting data may originate in a possibly much smaller degree
of correlation (than generally assumed) between degree of micromotion
and insertion torque values than the correlation values obtained be-
tween micromotion and ISQ measurements.52 And indeed in some
studies a very weak correlation was found between IT values and ISQ
values at the time of implant placement.51,53–55 On the other hand, in
several studies a strong correlation between IT values and ISQ values
were described.15,19,30,39,56 Given this conflicting data situation the
clinical usefulness of ISQ measurements as a substitute parameter for IT
measurements remains questionable, and data need to be interpreted
with great caution.

11. Macro- and micro-design of the dental implant

The design of an implant is one of the most fundamental parameter
to influence implant primary and secondary stability.57 In general, the
geometrical design features consist of two major categories: 1) the
macro-design, such as the thread design and the body shape19; 2) the
micro-design, such as the implant surface topography.57

Respecting primary implant stability values relating to macro-de-
sign, it was reported that under experimental conditions in dense bone
blocks, wider diameter implants (4.1 mm) are more stable than nar-
rower implants (3.7 mm); and in soft bone blocks, the tapered TSV
implants (Tapered Screw-Vent® Implants (from Zimmer Biomet

Dental)) were found to be more stable than the TM implants
(Trabecular Metal™ implants (from Zimmer Biomet Dental company).58

Gehrke et al.57 recently indicated that conical implants with a wide
pitch (1 mm) are associated with significantly greater primary stability
values than semiconical implants with narrow pitch (0.5 mm) bores.

Akkocaoglu et al.47 compared the ITI (International Team for Im-
plantology) - TE® (Tapered Effect) solid implants (having a macro-de-
signed (increased diameter at the collar region, coupled with more
threads)) with the solid screw synOcta® (trade name of an implant
system from Straumann company) implants from ITI. The study re-
vealed that the ITI TE® implants had ISQ values of a similar level fol-
lowing immediate placing as have the ITI synOcta® implants; it thus
was concluded that the macro-design has also an influence on the ISQ
values.

Another study with implants of a reverse-tapered design and of
narrow-diameters showed lower initial stabilities than the con-
ventionally tapered implants.59 On the basis of ISQ measurements, it
was concluded that it was the design of the apical area of the implant
that influences the implant stability.60

Respecting straight and tapered implants, significant correlations
and linear relationships were found between ISQ data for both of these
groups. In the publication of Howashi et al.,61 ISQ values of SLActive
(sand blasted acid etched and free of any contamination) implants
(60.42 ± 6.82) showed significantly higher ISQ results than conven-
tional SLA implants,62 the difference between the two implant surfaces
being only the implant surface chemistry, i.e. the reduced degree of
surface contamination by organic compounds of the SLActive surface on
a molecular level.63

Respecting the influence of implant design on ISQ measurement
data only one publication was found in which the design factor did not
reveal a significant influence on the implant stability quotient.64 In this
study, a comparison was made between an implant body design without
self-tapping blades with an implant type with self-tapping blades. Ho-
wever,it remained unclear, what the basis of the absence of a difference
of the ISQ values was.

Respecting the role of the micro-design factor in influencing ISQ
measurements, Guler et al.26 pointed out that when comparing sand-
blasted, large-grit, acid-etched (SLA) and SLActive surface implants,
there were no significant differences detected for insertion ISQ-mea-
surements. However, subsequent measurements at the 4th week
showed that SLActive implants revealed significantly higher ISQ values
than SLA implants did. As for the final measurement (8th week), there
was no significant difference detectable between the two implant
types.26 Thus, only a short temporary difference was found during the
healing phase of the implant. However, implant stabilization data (ISQ
values) were similar at all time points measured for the conventional
SLA and the chemically modified SLAcive implants in patients with type
2 diabetes with a relatively poor glycemic control,65 implying that
under disease conditions such minor differences in just the surface
chemistry, but not the micro topography of the surface geometry, are
not measurable on an effective basis.

In another study, in which the same two implant groups (SLA vs.
SLActive) were compared with each other, researchers found no dif-
ferences respecting the ISQ values, at any point in time during the
postsurgical healing phases, in patients who were not suffering from
any disease.40 Similarly it was found that dioxide grit-blasted dental
implants, with and without chemical fluoride implant surface mod-
ification, did not reveal any differences in ISQ values at any point in
time66: neither did the fluoride-surface treated implants exhibit differ-
ences in RFA values when compared with grit-blasted ones,67 even
though such chemical implant surface modifications had been found to
positively promote the biological process of osseointegration and to
shorten the healing time.68 In another example, a thin molecular im-
plant coating by bisphosphonate-containing fibrinogen was found to be
able to improve and accelerate osseointegration of metal implants in
human bone69; no differences of ISQ data were, however, measurable
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compared to the control groups. In addition in such surface-modifyed
constructs no observable differences in RFA values were found when
using the Nobel Active™ implant system (from Nobel Biocare company)
as an implant in comparison with appropriate control implants.70 Thus
on a level of surface modifications of chemical and/or biological nature,
and in addition to the presently used microtopographically modified
surface geometries, the limits of the ISQ measurement sensitivities may
be reached when dealing with smaller extents of differences in the
degrees of osseointegration and mechanical stabilities. It appears, thus,
that strongly bioactive surface modifications need to be operative lo-
cally such as, for example, with strong osteogenic agents (like experi-
mentally investigated by Hunziker et al.71), that are able to induce
significant additional gains of new bone formation in time over con-
ventional surface-modifications, in order to achieve significantly more
rapid and more extensive degrees of osseointegration of implants so
that this will be clearly detectable by ISQ measurements (which would
be in particular also desirable for patients with diseases such as dia-
betes, osteoporosis, local osteopenia, etc).

Another example of design-based improvement of implant healing is
that for implants with a built-in ‘platform switch’ and a conical con-
nection with a back-tapered collar design. These implants clearly
achieved higher primary stability ISQ values at insertion time72 and
thus represent very promising novel design changes forming a basis for
future design-based further developments.

In a recent review73 it was concluded that rough-surface modified
implants are associated with significantly higher success rates than
dental implants with smooth surfaces; however, a mechanistic re-
lationship between implant surface roughness (microdesign) and de-
gree of primary stability could not be established.

12. Implant site: bone quality

A number of publications report on a possible relationship between
bone quality at the implant site and implant stability/ISQ values ob-
tained for implants at the corresponding sites. However, in the various
studies relating to this topic different parameters were used to quantify
and describe this aspect, for which reason a basis of comparison is hard
to identify. In the following we shortly review now this complex topic
in a structured way, taking into account the local bone type, the use of
bone graft, the cortical bone thickness, the bone to implant contact
(BIC) area and the bone vascularity.

12.1. Bone type

The local bone type was not found in previous reports (and in our
own recent study99) to be a parameter of significant influence on either
T1 or T2 data acquisition. Furthermore, using a similar classification
method as had been used in these studies, Zarb & Lekholm74 reported
also that the bone type was found not to be a significant influencing
parameter either. The authors point out that the ISQ value was only
weakly associated with the bone type, if this was assessed by stereo-
microscopy or micro-CT in the maxilla. Caution is thus necessary when
interpreting data if RFA is used as a tool to evaluate bone quality at the
implant site, especially in the mandible.75 Moreover, in another
study25, it was concluded that host variables, general and local ones,
such as age, gender, bone volume, and bone quality did not influence
the primary stability values obtained by ISQ measurements of im-
plants.25

In contrast to these findings, there are several studies that are in
disagreement with these conclusions. They found that bone density
assessment using CBCT is an efficient method and significantly corre-
lated with implant stability parameters as well as with the Lekholm and
Zarb index.43,76,77 Given this basis it is thus possible to predict prior to
implant placement an expected initial implant stability to be obtained,
thus providing clinicians with a tool for the quantitative assessment of
the expected values for immediate or early loading of implants using

CBCT scans.78 Directly after placement, at weeks 4 and 12 of the
postoperative healing phase, significant differences were found be-
tween two groups of patients with either type 2 or with type 4 bone at
the implantation site.79 In addition a significant difference was also
reported in the ISQ values of three implants for the bone types III and IV
(Barewal et al.80 and, Salimov et al., 78 and it was found that ISQ was
significantly different at 3 weeks in bone types 1 and 4, but after 5
weeks, no signal differences were encountered any more between these
different bone types. On the other hand Herekar et al.81 found that the
bone types indeed correlate with secondary stability results (at 4
weeks), obtained by ISQ measurements, but not with those of primary
stability.

There are thus controversial views in the literature concerning this
aspect of the value of ISQ measurements. A possible reason for this may
be that bone type classification is very rough and is a subjective
method, lacking a clear-cut quantitative and reproducible basis, and
thus the identification of a specific prevailing bone type in studies re-
mains quite variable between different authors.82

12.2. Bone graft

In our recent investigation14 we found that bone grafting during
surgery in a patient indeed is negatively correlated to ISQ values.
However, other publications83–85 showed that no significant differences
are found for ISQ values between bone grafted and non-bone grafted
cases. These results are similar to those of the study by Yang et al.86 In
this study there was no correlation detectable between marginal bone
loss and changes of implant stability data.

Several other studies describe clinical cases with the presence of
local bone defects, and they found that with the increase of the size of
the bone defects, the ISQ measurement values decreased,56 and implant
stability at the time of placement correlated with bone quantity and
quality assessments.87

12.3. Cortical bone thickness

In clinical studies it was recently reported49,88 that the thickness of
the cortical bone exhibited a positive correlation with local ISQ values,
and loss of cortical bone lead to a reduced stability of implants resulting
in reduced ISQ values.16 And in an in-vitro study, ISQ values were
found to highly correlate with each other respecting trabecular bone
density and cortical bone thickness, and with changes in their densities/
thickness (Pearson correlation = 0.90, p < 0.01) in 89). The same type
of correlations was found in studies by Bayarchimeg,90 Hsu,91

Merheb,92 Song,93 Andres-Garcia94 and Turkyilmaz.95

However, a recent 1-year follow-up study with 101 implants96

concluded that cortical bone thickness changes over time did not sig-
nificantly influence implant stability values when analyzed using CBCT
methods. The reasons for this discrepancy of data remain unclear.

In a previous systematic review7 it was concluded that a positive
association exists between the degree of implant primary stability and
bone mineral density. However, the methodological quality and control
of bias of the study needs improvement in order to provide convincing
evidence.

12.4. Bone to implant contact (BIC)

Primary implant stability is related to the degree of mechanical
fixation of an implant with the surrounding native bone tissue after
implant insertion.50 Secondary stability of implants depends on the
formation of new bone tissue in the peri-implant space and on the bone
remodeling activities at the implant-bone interface, and is under in-
fluence of the implant surface itself and a number of biological factors
such as vascularity, local bone density, etc., and the wound healing
time.94,95,97 Some researchers hypothesize that the BIC values correlate
with the implant stability quotient, and they found a positive
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correlation between them.98,99 However, others found that when BIC-
values are used as a parameter to assess the degree of osseointegration
that these data did not correlate with ISQ-values of the same implants;
and neither did they to bone mineral density values or to the Periotest
results.47,100 We wish to point out here that BIC values indeed are re-
ferring only to a relative bone-coverage (i.e. a percentage value) of the
implant surface area, but they ignore the presence (or absence) and
number of anchoring trabeculae that are needed to establish the con-
nections and mechanical anchoring of the implant surface with the
parent bone surface. This aspect was recently discussed in more detail
by Haegi et al.101 Moreover, BIC measurements are often restricted by
authors to the analysis of only one central histological section through
the implant, rather than encompassing 360° around the implant by
applying an appropriate systematic random sampling protocol over the
entire range; BIC-values presented in the literature thus remain in most
cases non-representative of the truly established 3-dimensional quan-
titative degree of osseointegration.

12.5. Bone vascularity

Vascularity of bone tissue is an important factor in the process of
new bone formation and osseointegration. In spite of this importance
only one publication was found to deal with this parameter.102 The
authors found a significant correlation between the mean value of bone
vascularity (quantified by Laser Doppler Flowmetry) and values ob-
tained by RFA. A positive correlation was indeed detected when the
degrees of vascularity changed.

13. T1-T2 time interval

In a number of publications the time intervals chosen between T1
and T2 were arbitrarily chosen, and were often found to be defined at 6
weeks,103 at 12 weeks,104 or at 16 weeks29 intervals for monitoring
purposes of implant stability. Lang et al.40 recommended to monitor
implant stability by RFA at earlier time points, i.e. at 3 weeks and 8
weeks post-surgically. In our recent retrospective analysis,14 it was
found that time periods from 4 weeks to more than 9 months had been
used, and it was also found that secondary stability is indeed positively
correlated to the T1-T2 time interval under these measuring conditions.
This result was found to be consistent with Fischer's study87 in which
ISQ measurement values were found to increase with healing time
when measured at 3, 6, and 12 months postoperatively.

Some surgeons suggest immediate loading after implant insertion,
and the respective studies showed that105,106 immediate loading did
indeed not negatively affect implant stability, neither the marginal
bone levels nor the peri-implant health status when compared to con-
ventional postoperative loading schemes of single-tooth implants.

We were able to identify one systematic review107 and meta-ana-
lysis on loading protocols for single-implant crowns; it was con-
cluded107 that immediately and conventionally loaded single-implant
crowns are equally successful regarding implant survival and marginal
bone loss. This conclusion was primarily derived from studies evalu-
ating implants inserted with a torque ≥20 to 45 Ncm, or an implant
stability quotient (ISQ) of ≥60 to 65, and with no need for simulta-
neous bone augmentation; the authors then concluded that the success
rate of these two procedures is dependent on a number of specific
conditions (and is thus of limited usefulness). Given this, it appears
indeed important to consider all possible influencing factors (as illu-
strated in this literature review article) for ISQ data acquisition when
planning clinical studies.

14. I/II stage implantation

A I - stage surgery refers to an implant that is placed in its total i.e.
including the abutment, at the time of surgery; in a II-stage operation
initially only the implant is placed; the abutment is placed at the time of

a secondary surgical intervention. Only a few publications investigate a
possible relationship between I/II stage implantation and ISQ values.
There were no differences found between 2-stage and 1-stage implant
surgical protocols respecting ISQ values obtained in an in-vitro
study,108 and neither in a clinical investigation109 over the post-
operative time course (observed for 6 months). However, in our recent
publication,14 we identified that in stage I surgery cases, higher ISQ
values were encountered over the postoperative time interval of 26–302
days.

15. Implant number

We were able to identify one publication that investigated this as-
pect of the possible role of implant numbers influencing implant sta-
bility; the authors found that an increasing number of implants, i.e.
from 2 to 4 in mandibular implant overdentures, did not have a sig-
nificant influence on implant stability values assessed by ISQ mea-
surements.110

16. Surgery

From the perspective of the surgical technique used during implant
placement, the results presented in the literature are very variable and
controversial. In many publications the authors express the belief that
the use of a specific surgical technique is able to improve the post-
surgical implant stability quotient. For example it was reported that the
application of the so-called osteotome expansion technique is asso-
ciated with a significant improvement in secondary stability results,111

and the use of the osseous densification technique was reported to in-
crease the degree of primary stability achievement.112 The technique
also influences the resulting bone mineral density as well as the per-
centage of bone coverage of the implant surface when compared with
conventional drilling techniques. The described data showed that the
bone expansion technique is able to substantially increase the ISQ va-
lues for primary stability and also achieved similar degrees of primary
and secondary stabilities compared with the conventional technique.
Both groups reached stability plateaus at week 10.113 When we look at
FG (full-guided workflows) implant surgical approaches, they are re-
ported often to be associated with a reduced need of bone volume re-
duction for osteotomy preparation purposes, and they thus can lead to
greater primary stability results (higher ISQ values).114 Some authors
report that the flap design also has a measurable and positive influence
on postoperative ISQ values.115 And the study of Shayesteh116 illus-
trates that an osteotome-based technique yielded higher primary sta-
bility results than a conventional drilling techniques is able to do.
However, after 3 months observation time it was found that this tech-
nique did not show superior results respecting ISQ data than the con-
ventional technique. Moreover, it was reported that self-tapping im-
plants achieve significantly higher stability values than non-self-
tapping ones.117 In another technical report it was described that when
using thinner drills for implant placement118 in the maxillary posterior
region (where bone quality generally is poor) this procedure may im-
prove the primary implant stability results; and this may help clinicians
to obtain higher implant survival rates in their patients. At sites with
poor bone density placement of implants by use of an adapted drilling
technique119 was described to be beneficial in enhancing primary im-
plant stability (illustrated be improved ISQ measuring results) and thus
may improve the total implant survival rate.

A technique relating to piezoelectric-based surgical approaches, as
described by Stacchi et al.,120 was reported to decrease ISQ values to a
smaller degree and in an earlier shifting from a decreasing to an in-
creasing stability pattern, when compared with the traditional drilling
technique. Conventional implant placement techniques and those using
Summer's Osteotome technique121 were reported to also influence sta-
bility results assessed by ISQ measurements.

However, two different clinical studies report that osteotomy
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preparation by either standard or soft bone surgical protocols does not
lead to significantly different implant survival results nor to any dif-
ferences in postoperative stability data for the specific implant designs
used53; in another report no evidence was found of any additional
beneficial or adverse effect when using low-level laser surgical ap-
proaches (the first irradiation was performed in the immediate post-
operative period)122 on the stability of the implants (measured by RFA).
A recently published systematic review on this topic123 concluded that
there is, at best, very weak evidence that surgical techniques used
would influence primary and/or secondary postoperative implant sta-
bility results.

17. Statistics

The statistical methods used by the different publications are illu-
strated and summarized in Table 2. The ISQ data very often do not show
a normal distribution pattern. Therefore statistical comparisons of ISQ
data between experimental groups and control groups are preferrably
performed by using nonparametric tests,14,47,51 an observation that
often is not considered in the scientific literature related to this topic. In
a large number of studies14,38,57 linear regression analyses (multivariate
linear analysis, stepwise multiple regressions) were applied, which re-
present the adequate methods for the analysis of such multifactorial
data.

18. General discussion

In view of the published literature it appears that the stability of
dental implants depends on a number of factors, and results from var-
ious authors often are in conflict with each other. We present an
overview of the factors that possibly influence ISQ measurements and
conclude that at least 17 relevant factors (see Table 1) can be identified
in the literature to do so, but as a whole set they have never been taken
into account in any single study (see Table 2). So far, researchers only
focused on a few subjectively chosen factors in their investigations. For
example, Bischof et al.31 reported that the ISQ values of various im-
plants are generally higher in the mandible than in the maxilla; how-
ever, this finding seems to be dependent on the shape of implants since
when implants of a cylindrical form were placed in the same area then
no significant differences were encountered between ISQ data of im-
plants. There are some researchers that took larger numbers of con-
tributing factors into consideration in their studies, but no one went to
the optimal experimental design to consider all those playing a possible
role in influencing ISQ measurements, thus yielding a basis for con-
flicting results.

Another possible reason of the presence of large numbers of con-
flicting data in the literature may be related to the fact that some of
these factors were not clearly quantified such as the bone type when
used as a contributing factor. Bone type is difficult to reproducibly
quantify and classify, and thus, most authors simply choose a subjective
scheme according to the Lekholm and Zarb classification.74 Another
example for this is the bone defect,16 or the implant location, if not
provided in a precise and quantitative way respecting anatomical site
and location. Thus there is a great need to develop methods that allow
precise and reproducible descriptions of influencing factors on a
quantitative basis.

In this study, we tried to identify and list all the potential factors
that possibly have an influence on implant stability quotient measure-
ments (see Tables 1 and 2), and if researchers do not consider these
factors before the clinical trial designs and/or experimental studies,
their studies will easily result in biased information.

Given the above defined aim of this review, we intentionally did not
perform a literature analysis in the traditional way such as to classify
the publications according to study-classification (such as a retro-
spective study, or a random controlled study (to assess the degree of
reliability of these studies). In a recent systematic review in 2015 by

Manzano-Moreno et al.,124 it was described that from hundreds of
publications the number of publications fulfilling strict scientific cri-
teria for a solid and conclusive study was only 39, and in these they
were able to identify only 6 factors that potentially contribute to ISQ
measurement results. They found that 12 publications relate to dental
implant design in relation to dental implant stability, 8 relate to sur-
gical techniques in relationship to dental implant stability and 5 relate
to a relationship between cone beam computed tomography (CBCT)
and ISQ. This does not necessarily mean that the possible influencing
factors are limited to 6 since many factors seem to be associated with
the ISQ measurements. It does illustrate, however, that the availability
of prospective randomized controlled trial publications is still quite
insufficient.

The number of factors modulating ISQ measurement data is useful
to know for experimental investigations, experimental designs and
clinical trials. However, for the practicing clinician who needs a quick
and reliable feedback from such measurements for the clinical assess-
ment of predictability of the outcome of the implant and the assessment
of it's stability, but also for the patient information, a simplified and
rapid approach that provides this information on the spot is still
needed. Clearly for such practical purposes the analysis needs simpli-
fication for rapid feasibility. In order to be able to suggest such a rapid
approach for the practicing clinician we analyzed in our recent study125

this situation and found that for example the ‘bone graft’ factor is a
general factor, i.e. is an independent factor of other influences on pri-
mary (ISQ1) implant stability measurements. More such analyses will
be possible in the future with the availability of more well-planned and
well-founded prospective randomized clinical trials. The overview in-
formation provided in this literature review may be useful for the
planning and design of future ISQ-related experimental studies both for
the clinician and the experimental scientist.
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