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Primary implant stability (PIS) is known to vary with recipient bone mass and density, dental implant design and surgical technique. The
objective of this preliminary study was to compare rotational and lateral PIS of same-coronal-diameter conical and parallel implants,
using insertion torque recorded with a dental implant motor set and implant stability quotient obtained from resonance frequency
analysis (performed with both Osstell and Penguin systems) as measures of rotational and lateral stability, respectively. Additionally, the
relationship between PIS and alveolar ridge width (ARW) was explored in both implant types. Sixty dental implants (30 tapered and
30 parallel) were randomly placed with a split-mouth design in 17 patients. Bone density and ARW were estimated from cone beam
computed tomography images taken with radiological-surgical templates. Density and width values were similar in the 2 groups (P > .05).
Implant coronal diameters were 3.75 mm in all cases, while consistent with the manufacturer's recommendations, final drill bit diameters
used were 3.25 and 3.4 mm for parallel and tapered implants, respectively. Insertion torque was higher (P < .05) with parallel implants, but
between-group differences in implant stability quotient were not significant (P > .05). In tapered implants, insertion torque was inversely
correlated with ARW (P < .001). Notably, significant differences were observed between resonance frequency analysis values from Osstell
and Penguin systems (P < .001). In conclusion, future studies should explore how PIS may be influenced by final drill bit size regardless of

implant design and potential limits on the effectiveness of tapered implants to achieve good stability in thick low-density bone.

Key Words: bone density, alveolar bone width, insertion torque, implant stability quotient, tapered implant, parallel implant

INTRODUCTION

rimary implant stability (PIS) can be defined as a lack
of mobility assessed clinically immediately after dental
implant placement and is related to the mechanical con-
tact of the implant with the surrounding bone,' while
secondary implant stability refers to the stability obtained
through osseointegration. Good PIS helps in achieving sec-
ondary stability? and conditions implant loading times, good
stability being required for immediate loading, in which there
is growing interest from both patients and practitioners.> On
the other hand, there is a wide range of implants on the mar-
ket and surgeons need to know the pros and cons of each to
choose the most suitable design in given cases, for example,
when there is thin cortical bone width or low alveolar ridge
bone mass and density, conditions that increase the risk of
not achieving adequate PIS.
Evidence suggests that PIS is closely associated with the
amount and density of recipient bone, and especially with cor-
tical bone density (BD) and thickness.* Recently, a positive
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relationship has been observed between alveolar ridge width
(ARW) following tooth extraction and PIS.> Greater PIS may
also be achieved by the use of certain surgical techniques, such
as undersized drilling in the implant bed,® and PIS might be influ-
enced by the choice of approach to drilling of the implant bed in
relation to the implant design.” Regarding design, endosseous
dental implants (such as Branemark implants) that emerged in
the 20th century were mostly parallel/straight-walled/cylindrical
(ie, equal in diameter along the entire body of the implant), while
tapered/conical forms (which have a decreasing diameter towards
the apex) have emerged more recently.® As tapered implants imi-
tate the shape of the natural tooth, they tend to fit more readily
into an edentulous space than parallel implants.® Further, while
there is limited evidence from studies in humans,'® it has been
suggested that tapered/conical implants obtain greater PIS than
parallel/straight-walled implants, particularly in bones with low
density and that this is due to the lateral compression of the bone
wall by the implant in its final position.'"'? Indeed, the use of
tapered implants has been specifically indicated for type 4 bone,
in which it may be difficult to achieve good PIS."* On the other
hand, tapered implants are smaller in volume than parallel
implants of the same coronal diameter and length, and therefore
have less bone-to-implant contact area in the surrounding bone
after implant placement, and similarly, the contact area is smaller
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with short than long implants.'* That is, in comparing different
designs, it is important to consider implant size (diameter and
length) as well as the potential interaction of the implant with the
bone, taking into account BD and the contact between the corti-
cal bone (crestal, vestibular, or palatal/lingual) and the implant
surface.

Regarding measures of stability, rotational PIS can be
assessed in terms of insertion torque (IT) in Ncm using a con-
tra-angle or a dynamometric ratchet wrench. Torque values are
directly related to bone-to-implant contact, in particular, the
percentage of implant surface that has close contact with bone
over the entire implant." Lateral PIS can be quantified in terms
of the implant stability quotient (ISQ) by resonance frequency
analysis (RFA). There is evidence that RFA is a reliable approach
for assessing 15Q,'® but to our knowledge, few studies have
compared the different systems available.

Given all this, the primary objective of this study was to
compare the rotational and lateral PIS, assessed in terms of IT
and 1SQ values, respectively, achieved with tapered and paral-
lel bone-level implants of the same coronal diameter and
length. The secondary objective was to analyze the relation-
ship of PIS in both types of implants with ARW.

MATERIALS AND METHODS

Study population

This preliminary observational clinical study was approved by the
local ethics committee (reference number: ETICA-ULE-010-2019).
Participants were recruited consecutively at the Centre for Con-
tinuing Education of the College of Dental Surgeons and Stoma-
tologists of Leon, from candidates for rehabilitation for tooth loss
(upper or lower; anterior, posterior, or both). We included patients
who were smokers or had a history of gum disease, in the latter
case, gum treatment being performed before implant placement.
On the other hand, we excluded patients with uncontrolled sys-
temic disease, a history of treatment with bisphosphonates, radio-
therapy or chemotherapy, bone regenerated with biomaterials or
unhealed sockets (<24 weeks since tooth extraction). Regarding
sample size, we obtained a slightly larger sample of implants
than that used in a similar study, in which it was estimated that
57 implants would be needed to achieve a power of 80% with
o = .05 to detect clinically meaningful differences in torque of
around 4 Ncm between implants.'’

The procedures were carried out in 2019 and 2020, in
accordance with the principles of the Declaration of Helsinki, in
patients who had given written informed consent to partici-
pate in the study. Procedures were performed by 7 different
dental surgeons with different levels of experience.

Outcome measures

The outcome measures assessed were rotational and lateral
PIS, assessed in terms of IT and I1SQ values, respectively.

Other variables assessed

As potential explanatory variables, we assessed BD and ARW.
Data were also collected on patients’ characteristics including
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sex, age, smoking status, and any systemic diseases, as well as
whether they were taking medications for these diseases at
the time of the study.

Dental implants and instruments

Following a split-mouth design, parallel and tapered implants
(BEGO Semados SCX and RSX, BEGO Implant Systems, Bremen,
Germany, noting that the manufacturer describes the SCX
implants as “cylindrical” and the RSX implants as “conical” in
form) were randomly assigned to the right and left sides of
each patient’s mouth. All the implants analyzed measured 3.75
mm in diameter and 10 mm in length and were placed at bone
level.

Surgeons measured the IT using the Bien-Air iChiropro
implant motor set with micro-series contra-angle 20:1 L (Bien-
Air Dental, Bienne, Switzerland) calibrated by the manufac-
turer. Given that we have 2 systems for performing RFA and
the aforementioned paucity of studies comparing the systems
(evidence that might justify opting for one system over another),
data were gathered on ISQ values using both the Osstell I1SQ
instrument (Osstell, Géteborg, Sweden) with SmartPegs Type 26
(Osstell); and the Penguin RFA system (Integration Diagnostics,
Gothenburg, Sweden), in all cases calibrated for 3.75-mm BEGO
Semados RSX/SCX implants.

Preoperative radiological assessment of the alveolar ridge:
BD and ARW

All patients underwent a cone beam computed tomography
(CBCT) scan preoperatively (Carestream 9300, Carestream Health,
Rochester, NY) with a surgical template that also served as a
radiological guide. In all cases, the template was placed seeking
to achieve optimal implant positioning, defined as an implant
inclination as close as possible to perpendicular to the occlusal
plane and parallel to the nearest abutment (natural or implant),
as well as at least 1.5 mm away from adjacent teeth and 1 mm
below the bone crest. The radiation doses were adjusted for
patient body weight (591, 685, and 856 mGy.cm? for weights
<60 kg, 60-90 kg, and >90 kg, respectively). Values of BD and
ARW were obtained from a CBCT image of the corresponding
patient using BTl Scan 3 software (BTl Biotechnology Institute,
Mifano, Spain) as in a previous study.’

In brief, an outline of an implant of the size used (3.75 mm
in diameter and 10 mm in length) from the BTl Scan 3 database
was overlaid on a computed tomography image of the implant
placement site (indicated by the radiological and surgical tem-
plate), in an appropriate position at 1T mm below the bone
crest and oriented at an appropriate angle (that is, seeking to
optimize implant placement as defined above) (Figure 1). Sub-
sequently, 3 linear measurements were made (at the coronal,
mid, and apical parts of the implant) in mm perpendicular to
the axial axis of the implant from the buccal to lingual cortical
plates. Bone densitometry was used to estimate three BD val-
ues in Hounsfield units (HU): the mean density within the area
of the implant, the mean at 0.5 mm outside this area and the
maximum value in the first 3 mm inside this area, the last value
reflecting crestal BD.
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Ficure 1. Preoperative computed tomography image. Example of
a 3.75 X 10 mm implant (from the BTl Scan 3 database) superim-
posed on a cross-section at the alveolar ridge corresponding to
the implant placement area, appropriately inclined and 1 mm
below the bone crest.

Implant placement

Both types of implants analyzed (SCX and RSX) were placed in
the position indicated by the radiological and surgical tem-
plate previously assessed by CBCT. The drilling sequence rec-
ommended by the manufacturer was strictly followed (Figure 2);
all the implants were countersunk to 1 mm below the bone
crest, but the diameter of the largest drill bit used differed
between the implants (3.25 and 3.4 mm for SCX and RSX
implants, respectively).

Assessment PIS: IT and ISQ

For each implant, we recorded the insertion time (in seconds)
and the IT (values lying between 0 and 70.5 Ncm) with the
iChiropro (as illustrated in Figure 3), allowing us to obtain an
objective numerical assessment of the rotational PIS. Specifi-
cally, the IT value was obtained from a single measurement
taken on insertion when the implant reached its final position
(maximum torque reached with the iChiropro) in line with the
method described elsewhere.'” Once inserted, the position of
the implants was not modified.

Further, lateral PIS in terms of 1ISQ was assessed using RFA
with both Osstell and Penguin systems, screwing the SmartPeg
Type 26 and the Multipeg Type 26 to the implant, respectively.
Two readings were taken with each system, one with the
device oriented in the buccolingual direction (ISQ-BL) and the
other with it oriented mesiodistally (ISQ-MD). Repeat measure-
ments were taken of each value until the same value was
obtained in 3 consecutive readings. The ISQ values lie in the
range of 0 to 100, values below 60 being considered to indicate

Time: 17:50 |

de Elio Oliveros et al

Ficure 2. Protocol for preparing the implant bed for a tapered
(RSX) implant (upper row) and a parallel (SCX) implant (lower
row). Note that the diameter of the final drill bit was 3.25 and 3.4
mm for SCX and RSX implants, respectively.

low stability, 60-69 medium stability, and >70 high stability
(https://www.osstell.com/clinical-guidelines/the-isg-scale/).

Statistical analysis

The statistical analysis was designed and carried out by a statisti-
cian external to our research group using IBM SPSS Statistics for
Windows version 25.0 (Armonk, NY). P values <.05 were consid-
ered significant and <.001 highly significant. The qualitative
variables characterizing the groups were expressed as frequen-
cies and compared using % tests, as expected cell counts were
greater than 5. Means with SDs and medians were calculated for
quantitative variables. It was assessed whether the data for quan-
titative variables (BD [in HU], ARW, IT, and ISQ) followed a normal
distribution graphically using normal Q-Q plots, measures of
skewness and kurtosis, and using the Kolmogorov-Smirnov test.
The means of quantitative variables were compared between
groups using Student t tests in the case of normally distributed
data and the medians using nonparametric Mann-Whitney U tests.
Associations between quantitative variables were explored using
Pearson and Spearman correlation coefficients, as appropriate. The
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Ficure 3. Plots of insertion torque as a function of implant time for

obtained with the iChiropro implant motor set.

effect size was assessed using R? (indicating the percentage of
variance explained) to express the magnitude of between-group
differences.

REsuLTs

Study population and dental implants

We recruited a total of 17 patients (9 men and 8 women) aged
between 40 and 61 years of age. Fourteen of the participants
were smokers. Twelve had active gum disease at the time of
inclusion; this was treated by scaling and root planing and
their gums had healed before implant placement in all cases.
That is, all patients were deemed periodontally healthy at the
time of implant placement.

Overall, 60 BEGO Semados implants were placed, 30 RSX
and 30 SCX, following the split-mouth design. Between 2 and 6
implants were placed per arch and 2 to 10 per patient, with a
total of 18 in posterior and 6 in anterior maxillary regions and
21 in posterior and 5 in anterior mandibular regions, consider-
ing the area between the canines to be anterior and that from
the first premolar to the first molar posterior (no implants
being placed posterior to the first molar).

Characteristics of the patients receiving the implants are
summarized in Table 1 by implant type. As expected, given
the split-mouth design, there were no significant differences
between the RSX and SCX implant groups in sex, age, smok-
ing status, rate of systemic diseases, or medication intake;
notably, the groups were also comparable in terms of BD
and ARW (P > .05 in all cases).

Primary implant stability: IT and ISQ

Comparing IT between the groups, we found significantly
higher mean values for SCX implants (32.02 = 18.72 vs 22.72 =
13.08 Ncm in RSX implants, P = .03). The difference was associ-
ated with a moderate effect size (7.9%). Insertion time was lon-
ger for the SCX than the RSX implants (57 = 5 vs 22 = 6
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a tapered (RSX) implant (left) and a parallel (SCX) implant (right)

seconds). On the other hand, between-group differences in 1SQ
did not reach significance, considering values obtained using
Osstell or Penguin systems (P > .05; Table 2).

Association of BD and ARW with PIS in each group

For both types of implants, we observed significant correla-
tions between the values of BD at all the sites considered and
both rotational and lateral PIS (Tables 3 and 4). These correla-
tions tended to be stronger in the SCX implant group and
using the ISQ values obtained with the Penguin system.
Regarding bone dimensions, in the RSX implant group, IT was
inversely correlated with coronal and apical ARW (P < .001 in
both cases): the greater the ARW, the lower the IT, and vice
versa (Table 3). Such correlations were not observed in the SCX
implant group (Table 4). Further, we observed significant corre-
lations between various ARW values and 1SQs obtained with
both RFA systems (Osstell and Penguin) in the RSX implant
group; these correlations were negative, except in the case of
bone mid width, which was positively correlated with ISQ-MD
as measured by the Penguin system. In contrast, in the SCX
implant group, only the correlation between the mean ARW
and ISQ-BL as measured with the Osstell system reached statis-
tical significance (P < .05). Given the small number of patients,
we were unable to control for patient characteristics that might
influence PIS. In particular, as most participants were smokers
and similar in age, subgroups were too small to obtain statisti-
cally significant results.

Comparison between ISQ values obtained with 2 RFA systems

Differences between the values provided by the Osstell and Pen-
guin systems were all highly statistically significant (P < .001).
Specifically, in our study, I1SQ values from the Penguin system
were slightly lower than those from the Osstell instrument
(Table 5). These differences may partially explain the afore-
mentioned patterns of correlations, in particular, the finding
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TaBLE 1

Descriptive analysis: characteristics of patients receiving the implants (N = 60) by implant type

that correlations of lateral stability with BD were somewhat
stronger in the case of ISQ values obtained with the Penguin
system than those from the Osstell system (Tables 3 and 4).

Discussion

In this preliminary study comparing rotational and lateral PIS of
tapered and parallel implants, we found significantly higher IT
values with BEGO Semados SCX (parallel) than RSX (tapered)
implants, but no significant between-group differences in ISQ. In
contrast, Menicucci et al'' found greater IT values with tapered
than straight-walled Osseotite implants, based on a study of 57
implants (in 20 patients). Further, Markovic et al'? compared PIS
in terms of the ISQ of 56 self-tapping and 56 nonself-tapping
implants and reported that higher 1SQ values were obtained
with self-tapping than non-self-tapping implants after preparing
the implant bed by bone drilling. While there is a paucity of
studies in humans, several in vitro studies have compared the
PIS of tapered and parallel implants. These studies have mainly
used polyurethane foam blocks of various densities,”'®'? pig
bones,?®?! or rabbit tibias,>? and all have indicated greater PIS
with tapered than parallel implants.

The difference observed between our results and those of
the aforementioned studies might be explained by the diame-
ters of the final drill bit used in each group (3.25 and 3.4 mm
for SCX and RSX implants, respectively) in relation to the coro-
nal diameter of the BEGO Semados implants used (3.75 mm in
all cases). In Menicucci et al," surgeons selected different
implant sizes and drill bits on a case-by-case basis, hindering
comparisons, and in Markovic et al,'? various bone condensers
and drills were used to prepare the implant bed. In contrast, in
our patients, the final drill bit diameter used was always the
same for each implant design and closer to the diameter of the
implant in the case of the tapered implants. The choice of drill
bit sizes sought to avoid excessive compression of the mar-
ginal bone that could result from a high IT, and, in turn, the
potential consequences of high compression, namely ischemia
and necrosis, and the subsequent reabsorption of peri-implant
cortical bone.? Further, the placement of implants with a high IT
goes against the usual recommendations of the manufacturers®
due to potential distortion of the geometry of the implant that
could cause prosthetic complications such as a worsening in the
fit of connections and loosening of screws. Nonetheless, some
studies have reported no statistically significant relationships

TABLE 2

Inferential analysis: comparison of primary implant stability between implant designs, based on 1SQ values as measured with Osstell
and Penguin systems

*NS indicates not significant; ISQ-BL and -MD indicate implant stability quotient measured in buccolingual and mesiodistal directions, respectively.
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TABLE 3

Correlational analysis: Spearman coefficients. Relationship of bone density and width with primary implant stability in tapered (RSX)
implants (n = 30)

*Significant (P < .05).
**Highly significant (P < .001).
tMarginally significant.

NS indicates not significant; ISQ-BL and -MD indicate implant stability quotient measured in buccolingual and mesiodistal directions, respectively; IPA,

implant placement area.

between high IT and peri-implant bone remodeling.>>? In

our study, the difference in the diameter of the drill bit used
in the 2 groups together with the fact that tapered implants
have a 20% to 30% smaller surface area than equivalent par-
allel implants®® may have led to greater PIS in the parallel
(SCX) implant group.

Secondly, regarding the characteristics of the recipient bone,
in line with other studies,>?”?® PIS in our patients was associated
with BD in HU as measured with CBCT. This association was
clearer in the SCX than in the RSX implant group. More notably,
we observed a highly significant negative correlation between
ARW and IT in the RSX implant group; that is, the narrower the
ARW, the higher the IT. This may be due to narrower ARW imply-
ing a shorter distance between vestibular and palatine/lingual
cortical bone and the surface of the implant. In contrast, no such
relationship was found in the SCX implant group. To our knowl-
edge, no other studies have assessed this relationship. In our
sample, we also found significant associations between ARW and

ISQ, similar to observations in a previous study using the same
methodology for measuring these variables.®> There is a need for
more studies analyzing the relationship of rotational and lateral
PIS with ARW in larger samples.

Lastly, we found highly significant differences between the
parameters obtained with the 2 systems, 1SQ values obtained
with the Penguin system being slightly lower than those from
the Osstell 1SQ instrument. This finding contrasts with the results
of Becker et al,?® who found marginally higher values with the
Penguin than the Osstell system. These authors also commented
that the Penguin system was somewhat easier to use. In our
case, the differences between values from the 2 systems led to
somewhat different statistical results in terms of the correlations
of 1ISQ with ARW and BD. We believe that further comparison
studies are required for these systems.

We recognize that our preliminary study has certain limita-
tions. First, given the nature of the study, we cannot draw con-
clusions about causality. Second, we used consecutive sampling,

TABLE 4

Correlational analysis: Spearman coefficients. Relationship of bone density and width with primary implant stability in parallel (SCX)
implants (n = 30)

*Significant (P < .05).
**Highly significant (P < .001).
tMarginally significant.

NS indicates not significant; ISQ-BL and -MD indicate implant stability quotient measured in buccolingual and mesiodistal directions, respectively; IPA,

implant placement area.
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TABLE 5
Inferential analysis: repeated measures. Primary implant stability in terms of 1SQ as measured with the Osstell vs Penguin systems
(N =60)
Mean (SD)/Median Wilcoxon Test
Variable Osstell 1ISQ Penguin 1SQ W Statistic P Value Effect Size: R?, %
1SQ-BL 78.32 (8.96)/80.50 76.93 (9.24)/80.00 4.30%* <.001 28.1
1SQ-MD 79.20 (7.54)/82.00 78.22 (7.40)/81.00 4.24%* <.001 253

**Highly significant (P < .001); ISQ-BL and -MD, indicate implant stability quotient measured in buccolingual and mesiodistal directions respectively.

with the bias inherent to this method, and the sample size is rel-
atively small (a total of 60 implants in 17 patients), limiting the
statistical power of the study. Third, due to the exclusion criteria,
the sample is not representative of cases in which there is insuf-
ficient bone or in which radiological BD may be affected by the
use of biomaterials or the presence of immature bone tissue, as
in incompletely healed sockets, after tooth extraction. Further,
patients were recruited in a single center and all were young to
middle aged. Therefore, our findings cannot be generalized to
populations in other regions or groups such as older adults or
those with poor bone quality. Fourth, though the use of a split-
mouth design helps control for confounding factors in the
between-group comparisons, given the small number of
patients, we have not been able to control for patient character-
istics in the correlation analysis or perform subgroup analysis.
Further research is needed with larger samples to explore the
associations observed. Fifth, while 1ISQ measurements were
taken with both systems by a single researcher and repeated,
enhancing their reliability, IT values were recorded by one of 7
different surgeons, which might bias the results, and not
repeated, given the nature of the variable (the maximum final
torque on insertion of each implant). Nonetheless, in all cases, IT
was measured using the same device which has been shown to
deliver an accurate torque and no modifications were made
after implant placement. Further, all surgeons completed the
implant placement procedure following the same standardized
procedure, which should make it more reproducible, and
notably, despite the relatively small sample sizes, differences
between the implant groups reached significance. On the
other hand, comparisons are facilitated by the fact that we
have focused on studying PIS with a single brand of parallel
and tapered implants (SCX and RSX implants from Bego
Implant Systems), using the same implant sizes and final drill
bits in all cases in each group, and strictly following the pro-
tocol recommended by the manufacturer.

Overall, given the aforementioned limitations, caution
should be exercised in extrapolating our findings to other pop-
ulations treated with different implants. Nonetheless, our find-
ing of higher IT values with parallel implants is interesting in
that it differs from the trends observed in other studies in the
literature. There is a need for further research in larger samples
and with different types of implants to investigate potential
relationships between PIS and both implant design and drilling
protocols.

Time: 17:50 |

CoNCLUSIONS

To achieve the best possible PIS, dental surgeons need to know
the factors that determine this stability. Our results indicate that
the choice of a tapered rather than a parallel implant may be
secondary to factors related to the surgical technique and the
relationship between the diameter of the final drill bit and that
of the implant itself. Specifically, unlike previous studies, we
achieved higher rotational PIS (in terms of IT) and similar lateral
PIS (in terms of ISQ) with parallel (SCX) implants compared with
values obtained with tapered (RSX) implants of the same diame-
ter having used a smaller final drill bit in the former group. We
conclude that there is a need to explore whether the use of dif-
ferent-sized final drill bits leads to different PIS values regardless
of the implant design (tapered versus parallel). Further, in our
patients, PIS (IT and 1SQ values, respectively) obtained with
tapered (RSX) implants were significantly correlated with ARW,
while this relationship was not generally observed in the case of
parallel (SCX) implants. In clinical practice, this finding implies
that in cases with relatively low BD but in which there is consid-
erable bone width the use of a tapered implant may not be an
effective approach to achieving good stability.

ABBREVIATIONS

ARW: alveolar ridge width

BD: bone density

CBCT: cone beam computed tomography

HUs: Hounsfield units

ISQ: 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

RFA: resonance frequency analysis
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