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The objective of this study was to evaluate the primary stability of short and conventional dental implants with different platform types at
different site densities in vitro. One hundred twenty implants were placed in polyurethane blocks that simulate different bone densities (bone
types I and IV). The implants were divided into 10 groups, with 12 implants each according to the type of prosthetic connections (external
hexagon, EH; morse taper, MT) and size of the implants (conventional: 4 3 10 mm; short: 5 3 5, 5.5 3 5, 5 3 6, and 5.5 3 6 mm). Insertion
torque and resonance frequency analyses were performed to evaluate the primary stability. The Kruskal-Wallis test complemented by Dunn’s
test and the Mann-Whitney test were used for statistical analysis. These tests were applied at the confidence level of 95% (P , .05). The
implants installed in blocks with density type IV exhibited reduced insertion torque compared with implants placed in blocks with density
type I. Short implants with EH exhibited increased insertion torque compared with short implants with MT in blocks with bone density type I.
In general, implants installed in blocks with density type I exhibited greater primary stability. The short implants with EH with a 5.5-mm
diameter and the short implants with MT with a 5-mm diameter exhibited reduced primary stability. No differences between short and
conventional implants were noted. Short implants have primary stability and insertion torque at least equivalent to conventional implants
irrespective of the platform type and density of the site.
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INTRODUCTION

T

he use of implants in the rehabilitation of edentulous
and partially edentulous patients promotes a more
conservative alternative in prosthetic treatment because the missing teeth can be replaced with great
predictability, with no wear of adjacent teeth during the
prosthetic procedures,1 thus promoting greater patient satisfaction.2 However, the installation of implants is dependent on
bone tissue availability, which allows obtaining a suitable
positioning of the dental implants without causing injury to
noble structures present in the jaws.3
Some procedures have been indicated for the resolution of
bone viability, such as the elevation of the maxillary sinus,4 the
use of onlay graft blocks,5 the lateralization of the inferior
alveolar nerve,6 and osteodistraction.7 However, these surgical
procedures are complex and increase patient discomfort, the
possibility of injuries of noble structures, and the time in the
beginning of the prosthetic procedures.8,9
Short implants have been cited as a less traumatic alternative
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to the rehabilitation of areas with poor bone availability.8,10,11
Studies have demonstrated that the success rate of short
implants is similar to that of conventional implants.8,11,12
However, the success of implants is highly dependent on
obtaining primary stability,13–15 and factors such as the implant
design,16 bone density,17 and insertion torque18 influence this
parameter.
Given that short implants can be used in sites with low
bone density, such as the posterior region of the maxillary, to
avoid the sinus floor augmentation surgeries, it is important
that the short implants present an appropriate design, which
can improve the primary stability even in regions with low bone
density. Thus, the objective of the study was to assess the
primary stability through resonance frequency analysis and the
insertion torque of conventional and short size implants with
external hexagon or morse taper placed in polyurethane blocks
with similar densities of bone types I and IV to answer the
following questions. (1) Can the short implants provide primary
stability at the same level of the conventional implants? (2) Can
the type of platform and the different densities modify the
primary stability of the short and conventional implants?

MATERIALS

AND

METHODS

Implants
One hundred twenty tapered implants were used in this
study (Implacil de Bortoli, São Paulo, SP, Brazil). The implants
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were divided into 10 groups according to the type of
prosthetic connection (external hexagon [EH] and morse
taper [MT]) and implant size (conventional: 4 3 10 mm; short:
5 3 5, 5.5 3 5, 5 3 6, and 5.5 3 6 mm). Six implants of each
type were installed in polyurethane blocks of different
densities (type I or type IV).
Implants placement
The implants were inserted into the specimens by a single
operator following the sequence of surgical drills recommended by the manufacturer. To reproduce in vitro the evaluation of
the primary stability of the implant in similar conditions to the
bone tissue, blocks of polyurethane (Nacional Ossos, Jaú, Brazil)
of 2 different densities simulating bone type I (40 per cubic foot
[PCF]/0.64 g/cm3) and type IV (15 PCF or 0.24 g/cm3) were used.
The blocks were generated in such a manner to have a length
of 9.9 cm, width of 2.55 cm, and height of 2.02 cm. Each block
received 5 implants. In total, 24 blocks were produced. Twelve
of these blocks had a density similar to type I human bone,
whereas the other 12 blocks had a density similar to type IV
human bone (the Figure). The surgical drills were replaced
every 5 perforations for implant placement.
To facilitate the standardization of implant placement in
the blocks, 2 surgical guides were prepared with resin acrylic.
These surgical guides had the same width and length of the
blocks, allowing the placement of the implants at the same
position and equidistantly. A distance of 1 cm between the
implants and the edge of the blocks was maintained. The EH
implants were placed at the level of the blocks, whereas the MT
implants were installed 2 mm below the end of the blocks (the
Figure).
Evaluation of primary stability: insertion torque and
resonance frequency analysis
The primary stability of each implant was assessed via insertion
torque and resonance frequency analysis. Insertion torque was
measured at the time of implant installation in the block until
the implant reached the ideal position using the torque wrench
(Implacil de Bortolli, São Paulo, Brazil). Resonance frequency
analysis was performed with the Osstell (Osstell, Integration
Diagnostic, Göteborg, Sweden). This machine uses a piezoelectric effect to produce a deflection of the implant on the
transducer (smart peg), which was adapted directly over the
implant and was stimulated to vibrate by means of sinusoidal
waves. The stability measured by this device was measured on
a scale from 1 (minimum) to 100 (maximum). The torque
wrench and the Osstell were calibrated before and after the
measurements of each implant. The measurements were
repeated 3 times in each implant, and the average of this
value was considered the value of the sample to eliminate the
measurement bias.

tests revealed that data were not distributed according to the
theorem of the central data distribution. The comparison of the
subgroups was performed as follows: (1) the same implants
were compared variating the block density (type I vs type IV) by
the Mann-Whitney test; (2) the same implants placed in the
same variating the implants plataform (EH vs MT) by the MannWhitney test; (3) the comparison of 5 types of implants
(conventional: 4 3 10 mm; short: 5 3 5, 5.5 3 5, 5 3 6, and 5.5 3
6 mm) in the same block density and with the same type of
platform was performed by the Kruskal-Wallis test complemented by the Dunn’s test. The comparison of similar implant
types installed in blocks with different densities was performed
by the Mann-Whitney test. All tests were applied with a
significance a level of 95% (P , .05).

RESULTS

The insertion torque of the implants installed in the blocks
with a density similar to bone type I was consistently
increased compared with the insertion torque of the implants
installed in the blocks with a density similar to bone type IV (P
, .05). The conventional EH implants presented lower
insertion torque compared with short EH implants when the
implants were placed in blocks with a bone type I density. In
addition, the short MT implants presented lower insertion
torque compared with short EH implants when these implants
where placed in blocks with a bone type I density. No
differences were noted between the implants placed in blocks
with densities similar to bone type IV. Table 1 presents the
mean (median) 6 SD of the insertion torque values in all the
groups.
Regarding the data of resonance frequency analysis,
reduced primary stability values were noted in implants
installed in blocks with a density similar to bone type IV
compared with implants placed in blocks with a density similar
to bone type I, except the short EH implants (5 3 5 and 5 3 6
mm) and short MT implants (5.5 3 5 mm), which exhibited
similar stability when installed in blocks with different densities.
Regarding the implants placed in blocks with a density similar
to bone type I, short implants with EH (5 3 6 mm) and MT (5.5 3
5 mm) exhibited increased primary stability compared with
implants with MT (5 3 6 mm) and EH (5.5 3 5 mm), respectively.
Regarding the implants placed in blocks with a density similar
to bone type IV, short implants with EH and a 5-mm diameter
presented increased primary stability compared with MT
implants with the same diameter, whereas the short implants
with MT with a 5.5-mm diameter exhibited increased primary
stability compared with EH implants with the same diameter.
Table 2 presents the mean (median) 6 SD of the resonance
frequency analysis for all groups.

Statistical analysis

DISCUSSION

The software GraphPad Prism 5 (San Diego, Calif) was used to
perform statistical analyses of the study. The data obtained
from insertion torque and resonance frequency analyses were
assessed for a normal distribution using the KolgomorovSmirnov, D’Agostino-Pearson, and Shapiro-Wilk tests. These

Obtaining primary stability has been reported as an important
factor for the osseointegration of implants,17,19,20 and this
parameter has been used as a reference for determining the
best time for application of occlusal loads on the dental
implant.21,22 The density of the surgical sites influences the
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FIGURE. (a) The polyurethane block with a density similar to type I human bone. (b) The scanning electron microscopy (SEM) image of the
block with density similar to type I human bone. Note that this block has a more massive structure. (c) The polyurethane block with a
density similar to type IV human bone. (d) The SEM image of the block with density similar to type IV human bone. Note that this block has
a more porosity structure. (e) Implants in the final position into the polyurethane blocks. The external hexagon implants were placed at the
level of the blocks, whereas the morse taper implants were installed 2 mm below the end of the blocks.
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TABLE 1
Median (Q1, Q3) of the insertion torque values (N/cm2) in all groups*
Block Density
Prosthetic Connection
External hexagon

Morse taper

Size

Type I

Conventional (4 3 10 mm)
Short (5 3 5 mm)
Short (5.5 3 5 mm)
Short (5 3 6 mm)
Short (5.5 3 6 mm)
P
Conventional (4 3 10 mm)
Short (5 3 5 mm)
Short (5.5 3 5 mm)
Short (5 3 6 mm)
Short (5.5 3 6 mm)
P

25.00
40.00
40.00
40.00
40.00
25.00
30.00
30.00
30.00
30.00

(25.00,
(40.00,
(40.00,
(40.00,
(40.00,
,.05
(25.00,
(30.00,
(27.50,
(30.00,
(30.00,
NS

25.00)
40.00)
40.00)
40.00)
40.00)

10.00
10.00
10.00
10.00
10.00

33.75)
30.00)`
30.00)`
30.00)`
30.00)`

10.00
10.00
10.00
10.00
10.00

Type IV

P

(10.00,
(10.00,
(10.00,
(10.00,
(10.00,
NS
(10.00,
(10.00,
(10.00,
(10.00,
(10.00,
NS

10.00)
10.00)
10.00)
10.00)
10.00)

,.05
,.05
,.05
,.05
,.05

11.25)
10.00)
10.00)
10.00)
10.00)

,.05
,.05
,.05
,.05
,.05

*Note the different variables tested in this study (implant size, prosthetic connection, and block density). NS indicates not significant.
Lower insertion torque than the short implants placed in blocks with density similar to type I bone based on the Kruskal-Wallis test with Dunn’s test.
`Lower insertion torque of the short implants with external hexagon placed in blocks with a density similar to type I bone based on the Mann-Whitney test.

obtained primary stability.17,20,23 This statement was confirmed in this study, given that we verified increased insertion
torque and resonance frequency values on implants installed
in blocks with a density similar to bone type I compared with
implants placed in blocks that simulated the density of bone
type IV.
Another important finding from this study was that
conventional implants with external hexagons had a reduced
insertion torque compared with short implants placed in blocks
with a density similar to bone type I. The diameters of the short
implants in this study were 5 or 5.5 mm, whereas conventional
implants were 4 mm in diameter. The increased diameter of the
short implants may explain the increased primary stability of
the short implants. It was previously reported that the diameter

of the implants has more influence on the primary stability than
the length of the implant.16,24
EH implants exhibited increased insertion torque compared
with MT implants in blocks with a density similar to bone type I.
Finite element studies revealed that EH implants exhibit
increased concentrated stress in the cervical portion of the
implant when subjected to the occlusal loads compared with
MT implants.25 It is possible that the distribution of forces
during implant placement is similar to that observed during
occlusal loads,25 and this fact may explain the increased
insertion torque of HE implants compared with MT implants. It
is worth noting that despite this significant difference, the MT
implants presented insertion torque values within the range of
28.33–30 N in the blocks that simulated the density of bone

TABLE 2
Median (Q1, Q3) of the resonance frequency analysis (RFA) in all groups*
Block Density
Prosthetic Connection
External hexagon

Morse taper

Size
Conventional (4 3 10 mm)
Short (5 3 5 mm)
Short (5.5 3 5 mm)
Short (5 3 6 mm)
Short (5.5 3 6 mm)
P
Conventional (4 3 10 mm)
Short (5 3 5 mm)
Short (5.5 3 5 mm)
Short (5 3 6 mm)
Short (5.5 3 6 mm)
P

Type I
27.75
41.38
35.50
34.75
20.75
20.50
42.38
45.00
14.38
14.50

(19.50, 38.13)
(20.38, 56.13)
(25.38, 37.94)
(28.75, 40.63)
(18.44, 30.13)
NS
(19.38, 50.38)
(13.50, 62.06)
(36.50, 59.75)
(12.63, 24.13)
(5.12, 37.13)
NS

Type IV
9.50
28.88
3.00
38.35
5.00
15.00
1.25
45.75
2.50
43.50

P
a,b

(7.18, 16.13)
(18.44, 41.44)a,b
(1.87, 31.94)a,b`
(25.81, 44.56)a
(3.12, 11.00)b`
,.05
(12.25, 25.25)a,b
(1.00, 20.19)b`
(33.80, 50.13)a
(2.00, 9.62)b`
(31.19, 46.50)a,b
,.05

,.05
NS
,.05
NS
,.05
,.05
,.05
NS
,.05
,.05

*Note the different variables tested in this study (implant size, prosthetic connection, and block density). Different letters represent significant differences
between the implants with the same prosthetic connections placed in blocks with the same density based on the Kruskal-Wallis test with Dunn’s test. NS
indicates not significant.
Lower RFA than implants with similar dimensions but different prosthetic connections placed in blocks with a density similar to the type I bone using the
Mann-Whitney test.
`Lower RFA than implants with similar dimensions but different prosthetic connections placed in blocks with a density similar to type IV bone based on
the Mann-Whitney test.
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type I, and these values represent good primary stability of the
implant during the clinical procedures.22
An important finding of this study was that resonance
frequency analysis data for short implants were generally
similar to the data recorded for conventional implants. Changes
in the short implants design (eg, increase of the diameter,
modification of the implants surfaces)16,26 provided an improvement in clinical outcomes for these implants, inducing
increased primary stability12 and promoting clinical outcomes
similar to the conventional implants.10–12
In our study, the statistically significant differences that
occurred in the insertion torque and resonance frequency
analyses were not coincidental. Both tests analyze the primary
stability, and their values are influenced by similar parameters
(eg, bone density). A positive correlation was noted between
these data; however, the result is not statistically significant.27,28
This effect occurs because the insertion torque measures the
compression induced by implant placement into the surgical
site, whereas the resonance frequency analysis evaluates the
micro-movements of the implant in the final position into the
jaws.29
This in vitro study has limitations that should be taken into
consideration when interpreting the results. Although the
blocks exhibited density characteristics similar to bone, these
blocks exhibited homogeneous density, which is not observed
in bone tissue. The implants were also installed under optimum
conditions, with no conditions that hinder access to the surgical
site. Thus, although the preliminary data are important for the
knowledge regarding the effect of the short implant design on
primary stability, clinical studies assessing the primary stability
of short implants are needed to confirm the findings of this
study.

CONCLUSION

In conclusion, the short implants tested in this study exhibited
primary stability and insertion torque at least equivalent to
conventional implants irrespective of the platform type and
density of the site.

ABBREVIATIONS
EH: external hexagon
MT: morse taper
PCF: per cubic foot
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