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Abstract

Objectives The purpose of this study was to analyze the in-
fluence of the shape of various implants and the density of
substrate on primary stability using a combination of methods.
Materials and methods Fifty-four Neodent® brand cylindrical
and conical implants with different prosthetic platforms were
used. Implants were inserted into a pork rib bone and polyure-
thane blocks. Primary stability was assessed by insertion
torque (IT), resonance frequency analysis (RFA), and pullout
strength. Screws were also analyzed by scanning electron mi-
croscopy (SEM) before insertion and after removal to justify
their use for inserting in different substrates.

Results The conical cone morse implant had the highest aver-
age for all of the assays performed and was significantly dif-
ferent (»<0.05) from the cylindrical implants for IT in the
bone, pullout strength in the 40 per cubic foot (PCF) polyure-
thane, and the bone. The internal hex cylindrical implant had
the lowest averages, which were significantly different
(»<0.05) from the conical implants for IT and RFA in the
bone, pullout strength in the 40 PCF polyurethane, and the
bone. The IT, RFA, and pullout strength assays were moder-
ately correlated, and the photomicrographs did not reveal
changes in the implants.
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Conclusions The analysis of different implants showed a bet-
ter primary stability of tapered implants; the density of the
substrate influences the primary stability and the 15 PCF poly-
urethane was not adequate to evaluate primary stability; cor-
relation was obtained between the different methodologies of
analysis of primary stability.

Clinical relevance The study shows the influence of different
implant macro-geometries and densities of substrates on pri-
mary stability.

Keywords Dental implants - Osseointegration - Bone
substitutes - Torque - Scanning electron microscopy

Introduction

The interaction between the bone tissue and the implant is
responsible for the long-term success of oral treatments using
supported prosthetic implants. For this biological process,
called osseointegration, to occur, a group of factors should
be taken into consideration. These factors can be related to
the patient, such as overall and oral health and bone density
and volume, as well as to the surgical technique and to the
implant itself, including its shape, size, and surface treatment
[1-3].

Primary stability, a prerequisite for osseointegration [4]
resulting from the mechanical interaction between bone tissue
and the implant during surgical insertion, may be affected by
the macro-geometry of the screw, surface roughness [5], and
surgical technique and primarily functions to inhibit
micromovement of the implant, promotes proliferation and
differentiation of the osteoblast cells, and inhibits fibrous tis-
sue invasion and encapsulation [6].
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The macro-geometry of the implant may directly support or
interfere with primary stability, as diameter, length, shapes,
and thread pitch [1] determine the primary bone/implant inter-
action and are fundamental for strengthening or weakening
the osseointegration process. The morphological structure
characteristics of the screw can function to strengthen the an-
choring of the implant to the bone, minimize micromovement
and shear forces, and maintain the bone edge [7].

Primary stability can be assessed before applying the load
to predict osseointegration and to select the most adequate
type of load for each clinical situation [8]. Currently, insertion
torque (IT) and resonance frequency analysis (RFA) are the
most commonly used methods employed in clinical practice
for evaluating primary stability. For in vitro experiments, the
pullout strength assay analyzes the resistance of the implants
based on the physical and chemical properties of the screw [9].

The field is constantly proposing various macro- and mi-
crostructure implant models, but controversies still exist re-
garding the actual effect of shape on primary stability and
the efficacy of the various methods for its assessment. There-
fore, the aim of this study was to evaluate, in vitro, the influ-
ence of implant shape, on primary stability using several dif-
ferent substrate densities and correlating several methods.

Materials and methods

A total of 54 commercially pure titanium (cp Ti) implants
(Neodent®, Curitiba, Parana, Brazil) with six different
macro-designs (n=9) were analyzed. Cylindrical (Titamax®)
and conical (Alvim®) implants were used. Of the cylindrical
implants, nine had external hex (EH) prosthetic connections,
nine had internal hex (IH) connections, and nine had cone
morse (MC) connections. The same was true for the conical
implants. All of the implants had particle-blasted surfaces.
One hundred sixty-two bone blocks of polyurethane (PU)
(Nacional Ossos®, Jau, SP, Brazil) measuring 15x15x30 mm
were used to simulate the following bone densities: 0.24, 0.32,
and 0.64 g/cm® (15, 20, and 40 per cubic foot (PCF), respec-
tively); according to the classification proposed by Lekholm
and Zarb (1985), PU 15 PCF simulates the bone type III, PU
20 PCF the bone types II and I1I, and the PU 40 PCF the bone
type I. In addition to PU, 54 20-mm-long blocks of a pork rib
bone were used to simulate the osseous variability in the oral
cavity. Substrates were drilled using the sequence of burs rec-
ommended by the manufacturer for each implant model. The
last bit had a smaller diameter than the screw. Implants were
inserted from the lowest to highest density of PU, so the in-
creasing density of the PU could not affect the morphological
structure of the screws. The last substrate used was the rib
bone. During insertion, the torque was measured for each
90° turn of the implant using a Mackena® digital torque meter
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(Mackena Industria e Comércio Ltda., Sdo Paulo, Sao Paulo,
Brazil).

Because the same 54 implants were used for insertion in the
various substrate types and densities, they were analyzed
using a scanning electron microscope (EVO MA 10, Carl
ZEISS) before and after insertion for each assay to control
for possible morphological changes to the screw surface.
Two magnifications were used: 40x for analyzing the implant
dimensions and 100x to analyze the apical region [10].

After IT was measured, primary stability was assessed by
RFA using an Osstell Mentor (Integragdo Diagnostics AB,
Goteborgsvigen, Suécia). The frequency transducer
(SmartPeg) was connected to the implant, and the implant
stability quotient (ISQ) was measured four times for each
inserted screw. The average and standard deviation were cal-
culated for subsequent comparison and discussion.

In addition to IT and RFA, the pullout assay was performed
according to ASTM F543. Each implant, inserted into a sub-
strate, was connected to a universal testing machine (EMIC®
model DL-10000N, Sao José dos Pinhais, Parana, Brazil)
using a device made specifically for this study. After position-
ing the substrate/implant in the machine, an axial traction
force was applied with a constant velocity of 2 mm/min and
a200 kg load cell. For all implants, a preload of 10 N and a 30-
s settling time were used. The data for the maximum pullout
force were obtained using Sofiware Tesc 1.13.

After the normality of the data was verified using the
Kolmogorov-Smirnov test, analysis of variance (ANOVA)
followed by the Tukey test (a=5 %) was used. Pearson’s test
for correlation was used to measure the correlation between
methods.

Results
Insertion torque

The various implant shapes were not significantly different
when inserted into 15 PCF PU (p>0.05). The conical implants
performed better than the cylindrical implants in the 20 PCF
PU, where higher averages were measured for the IH conical
(33.89+3.48) and MC conical (33.00+2.91) implants, which
were also similar to each other (p>0.05). Conversely, the MC
cylindrical (9.44+0.72) and EH cylindrical (9.89+0.60) im-
plants had lower averages. The conical implants were also
better in 40 PCF PU, where the highest average was measured
for the MC conical implant (47.89+1.36), which was similar
to the other implants with the same shape (p>0.05). The MC
cylindrical implant had a lower average and was significantly
different than the conical implants (p<0.05). In the bone, the
highest average IT was measured for the MC conical implant
(73.33+21.79) and the lowest for the IH cylindrical implant
(22.2246.90) (Table 1).
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Table 1 Mean and standard deviation of insertion torque (N.cm) of the implants inserted in different types of substrates

Implants Polyurethane 15 PCF Polyurethane 20 PCF Polyurethane 40 PCF Pork rib bone

EH cylindrical 11.56 (1.74)Aa 9.89 (0.60)Ba 36.11 (8.20)Bb 43.89 (11.11)Cb
IH cylindrical 16.22 (3.30)Aa 17.89 (2.75)ABa 32.67 (7.95)ABa 22.22 (6.90)Da
CM cylindrical 11.56 (2.18)Aa 9.44 (0.72)Ba 25.78 (3.03)Bab 36.67 (8.18)CDb
EH conical 14.89 (3.37)Aa 25.11 (7.75)ABa 43.89 (7.39)Ab 67.22 (29.29)Abc
IH conical 22.67 (6.30)Aa 33.89 (3.48)Aab 47.33 (0.5)Abc 53.11 (16.34)BCc
CM conical 27.33 (5.12)Aa 33.00 (2.91)Aab 47.89 (1.36)Ab 73.33 (21.79)Ac

The same capital letters indicate statistical similarity between the implants on the same column. The same lowercase letters indicate statistical similarity

between the implants for the same row
Resonance frequency analysis

RFA did not reveal any statistically significant differences
(»>0.05) between the implants inserted at the different PU
densities. In the bone, the IH cylindrical and IH conical had
the lowest averages, which were similar to each other
(p>0.05) (Table 2).

Pullout assay

In the pullout assay, the implants inserted into 15 PCF PU
were not significantly different (p>0.05). In 20 PCF PU, the
highest average was measured using the MC conical implant
(298+37.54), and this value was not different than that of the
other conical implants (»>0.05). The lowest average was
measured for the IH cylindrical implant (51.65+11.93). In
40 PCF PU, the MC conical implant had the highest average
(910485.77) and was significantly different than the other
implants (p<0.05). The IH cylindrical implant had the lowest
average. In the bone, the highest average was also measured
for the MC conical implants and the lowest for the IH cylin-
drical implants (Table 3).

Pearson correlation
To verify the correlation between the methods used to assess

primary stability, a Pearson correlation was used (Table 4).
In the Pearson analysis,

1. Values >0.70 (positive or negative) indicate strong
correlation.

2. Values 0.30 to 0.70 (positive or negative) indicate moder-
ate correlation.

3. Values 0 to 0.30 indicate weak correlation.

Morphological analysis of the implants

Scanning electron microscopy (SEM) analysis of the implants
did not reveal any morphological differences between photo-
micrographs taken before and after the mechanical tests, just
accumulation of organic material between the threads from the
implant (Figs. 1 and 2).

Discussion

The influence of primary stability on osseointegration has
been difficult to predict, as it depends not only on bone density
and IT but also on characteristics related to the macro- and
microgeometry of the screw [11]. Biomechanical aspects of
primary stability can be evaluated using the IT, RFA, removal
torque, and pullout assay methods, along with histological
measurements [12].

To limit and overcome the shortcomings of these analyses
and based on the principle that the macro-geometry of the
implant is one of the most important factors governing initial

Table 2 Mean and standard deviation of frequency resonance (ISQ) of the implants inserted in different types of substrates

Implants Polyurethane 15 PCF Polyurethane 20 PCF Polyurethane 40 PCF Pork rib bone
EH cylindrical 63.90 (4.44)Aab 60.22 (1.45)Aa 71.11 (0.97)Ab 84.88 (3.69)Ac
IH cylindrical 58.51 (14.42)Aa 61.24 (1.92)Aa 65.61 (3.75)Aab 72.83 (5.04)Bb
CM cylindrical 63.90 (4.71)Aab 61.03 (5.59)Aa 70.78 (1.26)Ab 85.22 (7.37)Ac
EH conical 61.02 (6.99)Aa 59.90 (1.81)Aa 67.36 (5.50)Aa 82.98 (5.84)Ab
IH conical 66.70 (1.59)Aab 61.05 (2.50)Aa 72.51 (1.07)Abc 79.30 (6.09)ABc
CM conical 65.56 (5.18)Aab 59.75 (6.23)Aa 69.30 (2.51)Ab 84.93 (4.34)Ac

The same capital letters indicate statistical similarity between the implants on the same column. The same lowercase letters indicate statistical similarity
between the implants for the same row
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Table 3 Mean and standard deviation of pullout test (V) of the implants inserted in different types of substrates

Implants Polyurethane 15 PCF Polyurethane 20 PCF Polyurethane 40 PCF Pork rib bone

EH cylindrical 108.41 (35.89)Aa 106.62 (19.21)ABa 428.44 (64.34)CDb 468.30 (229.45)Bb
IH cylindrical 46.20 (5.00)Aa 51.65 (11.93)Aa 61.97 (24.02)Ea 86.40 (30.15)Ca
CM cylindrical 183.49 (50.66)Aa 143.52 (35.48)ABCa 687.38 (71.48)Bc 430.50 (125.33)ABb
EH conical 88.86 (26.34)Aa 184.73 (44.89)ABCa 425.34 (168.09)Db 420.14 (269.34)ABb
IH conical 147.84 (35.38)Aa 265.55 (18.90)BCa 608.38 (51.92)BCa 272.24 (110.27)Ab
CM conical 172.50 (39.11)Aa 298.18 (37.54)Ca 910.36 (85.77)Ab 553.79 (222.08)Bc

The same capital letters indicate statistical similarity between the implants on the same column. The same lowercase letters indicate statistical similarity

between the implants for the same row

stability [13], this study investigated the influence of six im-
plant designs inserted into various substrate types and densi-
ties on primary stability using the correlation of the following
methods: IT, RFA, pullout test, and morphological analysis by
SEM.

The external surface of the implant directly interferes with
osseointegration, as it is in close contact with the bone tissue
[14]. Using SEM, one can analyze detailed morphological and
surface differences in the implants to find defects in the screw
or to characterize the surface. In this study, photomicrographs
taken before and after the mechanical tests were compared,
and no differences in thread configuration, cracks, or fractures
in the screw were identified, justifying the use of the same
implant in several substrates.

Conical and cylindrical implants are the shapes most com-
monly found commercially. Conical implants promote a uni-
form bone compaction and distribute forces to the surrounding
bone more equally [15]. In this study, conical implants per-
formed significantly better in the IT and pullout tests in 20 and
40 PCF PU and in the pork rib bone, consistent with the
literature, where other studies have shown significantly im-
proved primary stability, ease of insertion, and resistance in
conical implants compared to cylindrical implants [16].

The width of the screw increases primary stability, as it
anchors better in the buccal and lingual cortexes, has a larger
implant/bone surface area, and increases resistance to traction.
When the bone is less dense, size selection (length/width) of
the implant determines treatment success [17]. The conical
implant groups used in this study had the same dimensions,
4.3 mm diameter by 10 mm length; the cylindrical implant
groups were 4.0 mm diameter by 11 mm long, except for the

Table 4 P value of the coefficient of Pearson correlation

Correlation tests p of Pearson

Insertion torque  pullout strength 0.658
Insertion torque x resonance frequency 0.634
Pullout strength x resonance frequency 0.461

@ Springer

cylindrical screw with an IH platform, which had a slightly
smaller diameter of 3.75 mm.

Screw dimensions were selected based on the various com-
mercially available prosthetic platforms and implant sizes.
The slightly smaller diameter of the IH cylindrical implant
did not interfere with the primary stability measured by IT
and RFA when compared to the other cylindrical implants
inserted into 15 and 20 PCF PU. However, in the 40 PCF
PU and rib bone, this implant model had a statistically lower
pullout strength than the others in the same group—the EH
cylindrical and MC cylindrical screws—possibly due to the
different external characteristics of this screw.

Implant’s threads increase its contact area with the bone
and improve the load distribution at the implant/bone inter-
face, improving primary stability [18]. In this study, the cylin-
drical implant with an IH platform performed poorly for IT,
pullout test, and RFA compared to the other cylindrical
screws. According to the manufacturer, this implant model is
indicated for types I and II bone and is advantageous because
it has a double thread, allowing for more rapid installation
with less trauma, high cutting power, and a small thread in
the neck region. However, this screw was difficult to insert,
especially in the pork rib bone and the 40 PCF PU—the

Fig. 1 Implant before insertion
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Fig. 2 Implant after insertion in the pork rib bone

substrates with the highest density and corresponding to type I
bone by the classification system [19]—and required different
burs than those recommended by the manufacturer to be used.

In the study, the implants showed different insertion torque
values; however, although the type of platform interferes with
the screw shape to ensure the strength of implants, the varia-
tion in insertion torque cannot be assigned to only one factor,
but a set of factors that characterize each of macro-geometry
implant models and the density of the bone where the implants
were inserted.

Bone volume and density are associated with surgical im-
plantation success. The characteristics of natural bone (densi-
ty, rigidity, hardness) vary widely in the mouth as a whole or
even in the same bone segment, affecting primary stability
[12]. To simulate this bone variability, pork rib bones were
used in this study [11, 18] in addition to the PU blocks, which
are made of a consistent and uniform material with physical
properties similar to the human bone [12], allowing the effect
of' the substrate heterogeneity in the analysis of implant shape.

When bone quality is not favorable, contact between the
bone and implant decreases, harming primary stability [20,
21]. In this study, clinical bone conditions were simulated
using different artificial bone densities, 15, 20, and 40 PCF,
and natural bone samples (pork rib bone). In the three assess-
ment methods used for primary stability, [T, RFA, and pullout
test, none of the implants were significantly different when
inserted into 15 PCF PU, with a density comparable to type
III bone. The similar study [22] reported similar results for IT
in type Il and type III bones and suggested that factors related
to bone density and implant design directly affect primary
stability.

A successful implant normally has an ISQ value above 65;
an ISQ <50 may indicate potential failure or an increased risk
of failure [4]. In this study, although the ISQ values were
favorable for primary stability, the different groups of implants
tested were not statistically significant (»p>0.05) in any PU

density. The implants inserted in the pork rib bone were sim-
ilar, except for the IH cylindrical screws, which had a higher
average 1SQ (p<0.05).

The correlations for RFA/pullout test (p=0.461) and RFA/
IT (p=0.634) were moderate based on the Pearson analysis.
While the different models were significantly different for the
IT and pullout tests, they were similar in the RFA, suggesting,
as observed in the literature, a discrepancy between RFA and
the other methods for assessing primary stability, implant con-
tact, such as IT, removal, bone mineral density, and histolog-
ical analysis of the bone-implant interface [23]. These results
demonstrate that using a single method to evaluate primary
stability is not reliable.

Comparing the pullout test results with IT also returned a
moderate Pearson correlation (p=0.658). In this case, forces
increased proportionally to bone density and differed between
implant models, with the conical implants performing better
than the cylindrical implants. These findings have also been
described in the literature [24, 25], showing that the pullout
test is correlated with IT and screw characteristics and is
thought to be an objective method for evaluating the mechan-
ical resistance of the implants.

As for an implant that performs best for most of the sub-
strates and in the methods used, the results show that conical
implants are better than the cylindrical implants, as the conical
implant with an MC platform had the highest averages for the
methods used [26]. Conversely, the cylindrical implant with
an [H platform had worse results than the other implants with
the same shape and the conical implants, likely due to the
shape of its neck. These results indicate that the shape and
external characteristics of the screw strongly affect its biome-
chanics and primary stability.

Conclusions

In summary, it can be concluded that comparison of the vari-
ous implant shapes demonstrated that the conical implants had
better primary stability; analysis of the various types of sub-
strates showed that 15 PCF PU did not have enough resistance
to analyze implant shape; the density of 40 PCF PU and the
pork rib bone showed better results for primary stability; the
correlation between the methods was moderate, indicating that
all of the methods effectively assess primary stability.
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