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Primary implant stability (PIS) depends on surgical technique, implant design, and recipient bone characteristics, among other factors.

Bone density (BD) can be determined in Hounsfield units (HUs) using cone beam computerized tomography (CBCT). Reliable prediction of
PIS could guide treatment decisions. We assessed whether PIS was associated with recipient bone characteristics, namely, BD and alveolar
ridge width (ARW), measured preoperatively by CBCT. We studied a convenience sample of 160 implants placed in 48 patients in 2016 and
2017. All underwent CBCT with a radiologic/surgical guide yielding values for ARW and BD. PIS measures used were the implant stability
quotient (ISQ) from resonance frequency analysis and insertion torque (IT). IT was most influenced by the HU value at 0.5 mm outside the
implant placement area, followed by the value within this area, and ISQ by the HU value at 0.5 mm outside the placement area, followed
by implant placement site and apical ARW. ISQ values were significantly related to ARW in coronal (P < .05), middle (P < .01), and apical (P
< .01) thirds. ISQs were higher with larger-diameter implants (P < .01). ISQ and IT were strongly correlated (P < .001). PIS in terms of ISQ
and IT is positively correlated with edentulous alveolar ridge BD measured by CBCT, implying that implant stability may be predicted

preoperatively. Wide alveolar ridges favored lateral PIS but did not affect rotational PIS. The most significant predictor of lateral and
rotational PIS in our patients was the HU value at 0.5 mm outside the implant placement area.
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INTRODUCTION

ental implants are becoming increasingly common
and primary implant stability (PIS); although influ-
enced by multiple factors, they fundamentally
depend on the surgical technique, implant design,
and characteristics of the recipient bone.! In particular, it is
plausible that the bone density (BD) at the placement site of
the implant affects the PIS. Indeed, research has shown higher
success rates in implants placed in higher-density bone.? In a
recent study analyzing the prognosis of 6977 implants placed in
humans, Zhou et al® related placement of implants in the
posterior maxilla, where the cortical bone is thinner and the
medullary soft, to greater failures in osseointegration. Reliable
prediction of PIS before implant placement surgery could
improve our understanding of the prognosis of our implant
treatments, guide decisions on treatment, and improve our
success rate.
BD can be assessed in Hounsfield units (HUs) using
conventional computerized tomography (CT). Specifically, HU
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values have been found to be correlated with BD according to
Misch’s classification? and according to the classification of
Lekholm and Zarb.* Furthermore, CT-based HU values were
associated with the hydroxyapatite concentration of the
extracellular bone matrix in an in vitro study,” and mineral BD
measured by CT was significantly related to that found in
histomorphometry of biopsies of implant placement sites in a
clinical study with 23 patients.®

At the end of the 1990s, a new tomographic technique was
developed especially for dental applications: cone beam CT
(CBCT).”® The beam, which is conical (rather than fan-shaped as
in conventional CT), moves around the patient’s head, and the
data collected are processed to construct a volumetric image of
the cylindrical field of view. Given the numerous advantages it
offers over conventional CT, including shorter scan time, lower
radiation exposure, and less distortion and magnification and
that it can provide good-quality images, CBCT has become the
main diagnostic radiology tool in implantology.’

The quantitative scale developed by Godfrey Newbold
Hounsfield for describing radiodensity measured using CT has
been modified for use in CBCT studies, enabling assessment of
BD in HUs. On the other hand, various in vitro studies indicate
that the grayscale values measured by CBCT may differ from
those measured by medical CT and therefore should not be
considered absolute values.'” One of the most important
sources of error is the large amount of scattered radiation
produced by the volumetric exploration typical of CBCT
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systems. Scattered radiation generates more noise in the
images and reduces the spatial uniformity of the densitometry
values in HUs."" Despite these differences, it has been
suggested that, similar to CT, CBCT is able to provide a useful
preoperative assessment of the BD of the jaws (in HUs).'?

Notably, patients in need of implant treatments increas-
ingly demand predictable and rapid recovery of dental
esthetics and masticatory function. Success in immediate
loading procedures lies in achieving adequate PIS that ensures
immobilization and subsequent osseointegration of the im-
plant.'® For this reason, it is essential to plan treatment carefully
and assess the determinants of PIS inherent to each patient. In
practical terms, radiologic datasets acquired by CT techniques
can be digitized, downloaded to a personal computer, and
visualized with specific software to measure the dimensions of
anatomical structures and BD (in HUs). This allows treatment
planning in three dimensions considering the patient’s
anatomy and visualization of expected results before surgery.
Although a positive association has been found between BD
and PIS, the scientific evidence supporting this relationship can
be considered weak to moderate because of the quality of
studies and great methodologic differences between them.'
Furthermore, there is a huge range of macroscopic and
microscopic implant designs, and it is reasonable to believe
that each design has a predictable PIS according to the BD in
the area of implant placement, assuming that the surgical
protocol for drilling recommended by the manufacturer has
been followed. That is, there is a need for more data
establishing the relationship between BD and PIS for specific
designs of implant.

Given this, the main objectives of this study were to assess
whether PIS with a specific implant was significantly associated
with the characteristics of the recipient bone in terms of BD and
alveolar ridge width (ARW) measured preoperatively by CBCT
and thereby investigate whether it may be possible to predict
PIS by this type of radiologic analysis of the edentulous alveolar
ridge before implant placement. The null hypothesis was that it
is not possible to predict implant stability for a specific
macroscopic design of implant with given dimensions before
placement based on the availability and hardness of the bone
in the edentulous alveolar ridge assessed by CBCT. The
alternative hypothesis was that the PIS values of a specific
implant are positively correlated with the amount and density
of recipient bone available, and hence, are predictable before
implant placement surgery using this type of tomography.
Secondary objectives were to characterize patterns of BD and
thickness in the recipient bone and explore the relationship
between PIS and implant characteristics.

MATERIALS AND METHODS

This observational clinical study was approved by the local
ethics committee (reference ETICA-ULE-011-2017). A conve-
nience sample was recruited from among candidates for
rehabilitation of edentulous ridges with dental implants in
the maxilla and mandible in 2016 and 2017, and patients were
only included after they had provided written informed
consent. The study was conducted in accordance with the
principles of the Declaration of Helsinki.
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Study population

Patients with uncontrolled systemic disease or history of
bisphosphonate intake, radiotherapy, or chemotherapy treat-
ments were excluded. All the patients were operated on by
different surgeons. The sample size required to be able to
justify extrapolation of our results to the target population,
namely, candidates for dental implants in our geographical
area, was estimated, using an equation created for this
purpose.'® Specifically, a power analysis was performed for
HU values (within the area of implant placement and at 0.5 mm
outside this area) with an o of 0.05 and a power of 0.80. This
indicated that the number of implants needed was 130.
Therefore, allowing for dropouts (10% losses), we estimated
that we needed a sample of at least 145 implants. Finally, data
were gathered on a total of 160 implants.

Definitions

The implant regions were defined as follows: posterior maxilla,
between the upper first premolar and second molar on both
sides; anterior maxilla, between the upper canines; posterior
mandible, between the lower first premolar and second molar
on both sides; anterior mandible, between the upper canines.

Intervention

Surgeons used different diameters and lengths of a single
cylindrical implant design, the BEGO Semados S-Line (BEGO
Implant Systems GmbH & Co. KG, Bremen, Germany); a BEGO
Semados torque wrench (10-50 Ncm); and Osstell 1SQ system
(Osstell AB, Goteborg, Sweden) with SmartPegs Type 26 (Osstell
AB). All patients underwent preoperative CBCT (Carestream
9300, Carestream Health, Rochester, NY) with a surgical splint
that also served as a radiologic guide. The radiation dose was
adjusted for patient’s weight (591, 685, and 856 mGy/cm? for
patients weighing <60, 60-90, and >90 kg, respectively). The
BD and ARW were assessed using BTl Scan 3® software (BTI
Biotechnology Institute SL, Mihano, Alava, Spain).

Preoperative bone characteristics: BD and ARW

A cross section was obtained at the alveolar crest correspond-
ing to the area of implant placement marked by the radiologic/
surgical guide, and an outline of the chosen implant (from the
BTl Scan 3 database) was superimposed on this cross section,
with an appropriate inclination (Figure 1). Subsequently, 3 lines
(at the coronal, middle, and apical levels of the implant) were
drawn perpendicular to the axial axis of the implant from the
buccal to the lingual cortex. Using densitometric analysis, mean
HU values were obtained within the area of implant placement
and at 0.5 mm outside this area. Three variables were used to
define the BD of the crestal cortical bone: the mean, maximum
and minimum HU values in the first 3 coronal mm within the
area of implant placement.

Primary implant stability: IT and I1SQ

All the implants were inserted under the same conditions and
at the same distance from the bone. The final IT was
determined with the dynamometric torque wrench, categoriz-



Ficure 1. Preoperative imaging assessment and planning. Example of
an outline of an implant (from the BTl Scan 3 database)
superimposed, with an appropriate inclination, on a cross section
at the alveolar crest corresponding to the area of implant placement.

ing this result into one of the following groups: IT < 30 Ncm, IT
between 30 and 50 Ncm, IT > 50 Ncm. The implant stability
quotient (ISQ) value was calculated with the Osstell I1SQ system
by screwing the SmartPeg Type 26 to the implant. Two
readings were taken: one with the device in a buccolingual
direction (ISQ-BL) and the other with it in a mesiodistal
direction (ISQ-MD). The ISQ ranges from 0 to 100, with values
<60 considered to indicate low stability, 60 to 69 considered
medium stability, and >70 considered high stability (according
to the manufacturer of the implant; https://www.osstell.com/
clinical-guidelines/the-isq-scale/).

Statistical analysis

IBM SPSS Statistics for Windows, version 22.0 (Armonk, NY) was
used for the statistical analysis, and P < .05 was considered
significant. For the descriptive analysis, qualitative data were
expressed using frequencies and percentages and quantitative
data using means and standard deviations or minima and
maxima. Contingency table analysis was performed with the
statistical procedures appropriate for the types of data, namely,
categorical (implant placement site, torque, bone type, implant
diameter, and length) or quantitative (density in HUs, 1SQ, and
ARW) in each pair of variables. Specifically, when one variable
was quantitative and the other categorical, we used a test for
differences in the mean, with estimation of the size of the effect
by means of R? (indicating the percentage of variance
explained from 0%-100%); when both were quantitative, a
scatterplot and Pearson’s and Spearman’s correlation coeffi-
cients were used; and when both were categorical, the y? test
of independence, with adjusted standardized residuals, to
assess associations between categories, was used, whereas the
strength of the association was estimated with the contingency
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coefficient. Help was obtained from an independent statistician,
external to our working group, for designing the statistical
analysis. Subsequently, the same statistician conducted the
statistical analysis for the study.

ResuLTs

Study population

Over the 2 years of the study, data were gathered on 160
implants placed in 48 patients, with an almost balanced sex ratio:
84 (52.5%) in men and 76 (47.5%) in women. The age of the
patients ranged from 31 to 64 years, with a mean of 50 years.
The mean age of men (50.68 years; 95% Cl: 48.72-52.64) and
women (48.96 years; 95% Cl: 47.31-50.61) differed by 2 years, but
this difference was not statistically significant (P > .05). Nearly
half of the implants were placed in the posterior mandible
(51.2%), with smaller numbers placed in the posterior maxilla
(28.7%), anterior maxilla (10%), and anterior mandible (10%).

Preoperative bone characteristics: BD and ARW

In the inferential analysis, we found a statistically significant
relationship between the site of implant placement and
recipient alveolar ridge BD. Specifically, the highest values of
mean BD were found in the anterior mandible and the lowest in
the posterior maxilla (P < .001; Table 1). Similarly, we found a
significant relationship between implant placement site and
edentulous ARW, the largest mean widths being found in the 2
posterior regions and the smallest in the 2 anterior regions (P <
.001; Table 1).

Primary implant stability: IT and I1SQ

Notably, we found a strong relationship (P < .001) between the
2 variables used to assess PIS, namely, IT and 1SQ. We observed
significant relationships between both these parameters and all
the variables considered that in some way define the BD of the
edentulous alveolar ridge. Specifically, both IT and I1SQ were
strongly associated with the HU value at 0.5 mm outside the
area of implant placement (P < .0001 in both cases). The
univariate models exploring the effects on PIS in the present
study indicate that the factors with the greatest effect on IT are
the HU value at 0.5 mm outside the area of implant placement,
which explained 39.8% of the variance, followed by the HU
value within the area of implant placement, which explained
35.3% of the variance (Table 2). Similarly, in the multivariate
linear model (with automatic selection), the factors with the
greatest effect on the sum of the ISQ values were the HU value
at 0.5 mm outside the area of implant placement followed by
the site of implant placement and the apical ARW (Table 3).
Classifying the bone density using the HU value at 0.5 mm
outside the area of implant placement, we found significant
differences in implant stability by bone type, with large effect
sizes. Specifically, lower-density bones (type 4) were associated
with lower 1SQ values (ISQ-BL < 79 vs >79 and ISQ-MD < 80 vs
>80) than higher-density bones (type 1). Torque was more
likely to be lower in lower-density bones (IT < 30 Ncm in all
cases of type 4 and 45.2% of type 3) and was higher in most
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TABLE 1

Relationship between bone density of the recipient alveolar ridge and alveolar ridge width by anatomical implant placement sitet

*P < .05; **P < .01.
tinferential analysis: differences in the mean.

higher-density bones (IT > 50 Ncm in all cases of type 1 and
77.5% of type 2).

Significant relationships were found between all 3 mea-
sures of crestal cortical BD and both the PIS variables (P < .001
in all cases). Although the results showed no relation between
ARW and IT, both ISQ values were significantly associated with
the ARW in the coronal (P < .05), middle (P < .01), and apical (P
< .01) thirds. Furthermore, wide alveolar ridges favored lateral
PIS, but they had no effect on rotational PIS.

With the implant used, we found a positive association
between implant diameter and ISQ values. Specifically, implants
with a 4.1-mm diameter were associated with higher ISQs than
those with diameters of 3.25 and 3.75 mm (P < .01). In contrast,
we did not find significant relationships between implant
diameter and IT or between implant length and PIS values.

Discussion

Using CBCT, we found that PIS values were positively correlated
with the amount and density of bone available in the

TABLE 2

Univariate inferential analysis: effects of explanatory factors
on implant insertion torquet

**p < 01.
TARW indicates alveolar ridge width; NS, not significant (P >.05).
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edentulous alveolar ridge, supporting the alternative hypoth-
esis and rejecting the null hypothesis. Specifically, with Bego
Semados S-line implants, we found lower IT (<30 vs >50 Ncm)
and lower 1SQ values (ISQ-BL <79 vs >79 and ISQ-MD <80 vs
>80) in low-density bone (Misch type 4) than in higher-density
bones (types 1 and 2). Furthermore, the variable with the
greatest significance for predicting the lateral and rotational PIS
of these implants was the HU value at 0.5 mm outside the area
of implant placement.

In addition, in our study population, the greatest BD was
found in the anterior mandible followed by the anterior maxilla,
with significantly lower densities in the posterior mandible and
the posterior maxilla. These results coincide with the patterns
described by Misch' and Norton and Gamble.* In our patients,
the ARW was significantly greater in posterior sections than
anterior ones. Furthermore, narrow alveolar ridges were
associated with significantly higher values of BD (type 1), as
would be expected because of the closeness of the vestibular
and lingual/palatal cortices, whereas wide ridges were associ-
ated with lower values of BD (type 4), which contained a
greater volume of cancellous bone than narrower ridges.

There is considerable evidence that BD determines the PIS.
This relationship has been studied previously, and the BD has
been quantified in various ways, either subjectively (tactile
sensation of bone resistance to drilling) or objectively
(radiologic studies), with research having been conducted in
humans in which BD was quantified in HUs through the use of
CT or CBCT. In particular, HU values obtained with CT have
been found to be significantly associated with ISQ values and
sometimes also with IT."*'? In our study, type 4 bone was

TABLE 3

Predictive factors of the sum of implant stability quotients
(in buccolingual and mesiodistal directions)t

**p < 01.
tAutomated multivariate linear model.



associated with lower ISQ values than type 1 bone, and we also
found that torque tended to be lower in lower-density bones
(types 3 and 4). Given differences between studies, however,
further research is needed to clarify the relationship between
PIS, in particular, IT, and bone type.

Regarding the use of CBCT, Arisan et al'? found a significant
relationship between HU values calculated by CT or CBCT and
PIS values in a sample of 108 implants. An important conclusion
of that study was that the densitometric measurements made
with CBCT are reliable and comparable to those made with CT
scanners when the devices are properly calibrated. In relation
to this, Sennerby et al'" validated a CBCT system and found the
BD at 1 mm outside the implant placement area to be strongly
associated with 1SQ (P < .0002) and IT (P < .0001). Fuster-Torres
et al*® obtained significant results only in the anteromandibular
region, relating CBCT-based HU values within the implant
placement area with IT (P < .05) and the BD with 1SQ in males
only (P < .05). Our study adds to the body of evidence on the
use of CBCT for assessing BD before implant placement.

Specifically, our results indicate that the use of a calibrated
CBCT system is reliable for performing densitometric measure-
ments and studying relationships with PIS variables. Consistent
with the results of Arisan et al'? and Sennerby et al,"" we found
the periphery of the implant placement area to be the most
interesting area for studying the effect of BD on PIS. A
reasonable explanation is that PIS is determined by the bone
surrounding the implant and not by the bone originally present
in the area where the implant is to be placed.

In vitro studies®'2*> have shown the importance of cortical
thickness for obtaining PIS when placing implants of different
designs in blocks of rigid polyurethane foam. Furthermore, we
found that the PIS was influenced as much by BD as by the
thickness of the cortex. Marquezan et al** reached the same
conclusion in a systematic review and meta-analysis on the
influence of cortical thickness on the PIS of orthodontic
miniscrews. BD and cortical thickness increase in the apical
direction of the alveolar ridge, as described by Ohiomoba et
al.?> In our patients, we found strong relationships between the
BD of the crestal cortical bone and PIS (P < .001). These results
suggest, in agreement with the aforementioned studies, that
the properties of the crestal bone are fundamental when it
comes to achieving PIS.

Although cortical thickness is a key parameter as far as PIS
is concerned, we found no scientific evidence in the literature
that demonstrates a relationship between the overall ARW and
PIS. Our multivariate explanatory models indicate that 1SQ
values but not IT were significantly associated with the ARW in
the coronal (P < .05), middle (P < .01), and apical (P < .01)
thirds. More studies are needed to explain this. On the other
hand, we found that the BD at the periphery of the implant
increased as the ARW decreased (P < .001), with the buccal and
palatal/lingual cortical plates lying closer to the implant surface,
despite the lack of a significant relationship between ARW and
IT. Again, more studies are needed to investigate this issue.

Our results coincide with those of other studies with
different methodologies of BD measurement. For example, Suer
et al*® found BD values of the alveolar ridge obtained by fractal
analysis of panoramic radiographs of the premolar and
mandibular molar area to be significantly associated with IT
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values (P =.0005) and 1SQ (P = .005),%® and similar results have
been obtained by other authors.”?® Another methodology for
quantifying BD is micro-CT analysis of bone microstructure in
tissue obtained from a biopsy of the area where the implant is
placed. Ribeiro-Rotta et al*® demonstrated associations be-
tween variables defining the bone microstructure (architecture
of the bone trabeculate and its density) measured by micro-CT
and IT values (P < 0.01), and Fu et al* established a negative
association between I1SQ values and the different types of bone
analyzed by stereomicroscopy (P = .013) and micro-CT (P =
.027), although only in the maxilla.

We found a strong association (P < .001) between the IT
and ISQ variables, in agreement with some previous stud-
ies,>'32 although a review failed to confirm this association.>
Although rotational PIS and lateral PIS are different concepts,
both are affected by the same conditions and determine the
success of the osseointegration of implants.

Various studies have sought to determine the relationship
of PIS with the diameter and length of dental implants. Our
results agree with those of Gémez-Polo et al,** who found a
significant relationship between the diameters of 88 implants
and ISQ values but found no relationship between implant
length and PIS.3* Karl et al*® also found a relationship between
implant diameter and the ISQ values, although only in the
mandibular region (P=0.037), as well as implant length and ISQ
also in the anterior mandible (P = 0). Indeed, several studies
have indicated that using longer implants increases the PIS.3%37
In our case, the lack of a significant association with length may
be because the most commonly used length measurements
were 10 mm (77 implants) and 11.5 mm (52 implants); the
difference between these lengths is relatively small and the
corresponding implants taken together account for most cases
in the study (n=129). This can be considered a limitation of the
study.

Indeed, we recognize that our study has various limitations.
First, we used a convenience sample from a single geographical
region. In particular, the study population is not representative
of cases in which there is insufficient bone to fully accommo-
date an implant or those in which the radiological BD is altered,
such as a postextraction alveolar socket that is healing by
natural regeneration or bone regenerated with biomaterials.
Furthermore, we used a single type of implant (Bego Semados
S-line) in all cases, and hence, our findings may not be
generalizable to other implant designs. On the other hand, our
analysis is based on a relatively large sample of patients
covering an age range typical of candidates for dental implants,
and all patients had implants inserted under equivalent
conditions, at the same distance from the bone level, and
had imaging performed with the same system. Notably, we
found no data in the literature on the relation between ARW
and PIS, and our findings indicate an association between ARW
and specifically 1SQ (as defined in this study).

As we indicated earlier in the Discussion, further research is
needed in this field to clarify and confirm the trends observed.
Future studies should have a more robust design with large
randomly selected samples. Furthermore, studies are required
to assess the ability of BD to predict PIS with different implant
designs, specifically investigating how the design influences the
relationship between total ARW and 1SQ values. We believe that
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it is important to improve our understanding of the way in
which ARW affects PIS because this might help us improve the
success rate of immediate loading implants.

CONCLUSIONS

In our study population, PIS assessed in terms of ISQ and IT was
positively correlated with the BD of the edentulous alveolar
ridge measured preoperatively by CBCT, rejecting our null
hypothesis and supporting our alternative hypothesis. That is,
our findings suggest that it may be possible to predict implant
stability preoperatively by this type of radiographic study.
Specifically, with the implant design studied, both IT and I1SQ
were lower in low-density bone, and the PIS was best predicted
by BD in the periphery of the implant area. Wide alveolar ridges
favored lateral PIS, although they seemed to have no effect on
rotational PIS. Furthermore, greater PIS as reflected in higher
ISQ values was associated with wider implants. There was a
significant positive association between lateral and rotational
PIS. Nonetheless, our results must be interpreted with caution
given that we only studied 1 implant design and used a
convenience sample. Further research is needed to help
continue to improve the stability of dental implants.

ABBREVIATIONS

ARW: alveolar ridge width

BD: bone density

CBCT: cone beam computerized tomography

CT: computerized tomography

1SQ: implant stability quotient

ISQ-BL: implant stability quotient measured in a buccolingual direction
ISQ-MD: implant stability quotient measured in a mesiodistal direction
IT: insertion torque

PIS: primary implant stability
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