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ABSTRACT

Background: Primary implant stability has been used as an indicator for future osseointegration and whether an immediate/
early loading protocol should be applied. Implant stability is the key to clinical success.

Purpose: The aim of this work was to analyze the influence of the design and surface morphology on the primary stability
of dental implants. The insertion torque and resonance frequency analysis (RFA) were the parameters used to measure the
primary stability of the implants.

Materials and Methods: Thirty implants, divided in six groups of five samples were placed in cylinder of high molecular
weight polyethylene. The groups were different upon two designs (cylindrical and conic) and three implant surfaces
finishing (machined, acid etched, and anodized). The insertion torque was quantified by a digital torque driver (Lutron
Electronic Enterprise Co., Taipei, Taiwan) and the resonance frequency was measured by Osstell mentor™ (Integration
Diagnostics AB, Goteborg, Sweden). The implant surface morphology was characterized by scanning electron microscopys,
roughness measurement, and friction coefficient.

Results: The machined implants showed smaller insertion torques than treated implant surfaces. There were no differences
between the RFA measurements in all tested surfaces. Statistical analyses demonstrated no correlation between the dental
implant insertion torque and primary stability measured by the RFA. The implants with treated surfaces showed greater
roughness, a higher friction coefficient, and demanded a larger insertion torque than machined implants. The results of the
surface roughness and friction coefficients are in accordance with the results of the insertion torque. The difference, across
the insertion torque values, between conical and cylindrical implants, can be explained by the different contact surface area
among the thread geometry of these implants.

Conclusion: The maximum implant insertion torque depends on the implant geometry, thread form, and implant surface
morphology. The placement of conical implants with treated surfaces required the highest insertion torque. There was no
correlation between RFA and insertion torque implant.
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INTRODUCTION tions with the implant surface, and implant stabilization.

The conventional two-stage surgical protocol for dental Implant stabilization is a very important parameter in

implant insertion recommends an interval from 3 to 6 reducing fibrous tissue formation around the implant.

months between the surgery and the implant loading." The maximum acceptable micromovement described in

This protocol is necessary for bone healing, cell interac- the literature is between 50 and 150 um; above these

values, the activity of the osteoblasts can be affected.”*

, , , N . However, some studies have shown good results using
*Biomaterials Laboratory, Instituto Militar de Engenharia, Rio de

Janeiro, RJ, Brazil; TNCO25 Av Rio Branco 124, Rio de Janeiro, RJ, one-stage surgical protocol, which objective is to reduce

Brazil the number of surgical interventions, in order to mini-
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is an essential prerequisite for early loading.
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surgical technique, the insertion torque, and the
instrumentation protocol. Among these parameters,
the insertion torque has not yet been sufficiently
analyzed. The insertion torque is a function of the
implant surface treatment, design, and screw-thread
geometry.

The implant surface treatments change its rough-
ness and morphology. The dental implant surface
treatments have been developed with the objective of
improving the osseointegration mechanisms and reduc-
ing the loading time of the implants.®’

The primary stability of an implant fixture at the
time of placement is often estimated by judging the
presence of any mobility. In clinical work, primary sta-
bility can be evaluated by mobility using a blunt instru-
ment such as a mirror handle. The follow-up of the
implants can be estimated by devices such as Periotest,
Periometer, resonance frequency analysis (RFA), and
placement torque.'*!!

Meredith and colleagues'” have shown that the Oss-
tell™ (Integration Diagnostics AB, Goteborg, Sweden)
transducer is a device used to evaluate the initial stabil-
ity of a dental implant, monitors the implant stability
over time, and can discriminate successful implants and
clinical failures. The Osstell™ is a product that allows
the evaluation of an implant’s stability by resonance
frequency. A smart peg transducer is attached to the
implant, and a magnetic pulse from the measurement
probe on the handheld instrument excites the smart
peg, then the resonance frequency is calculated from the
response signal. Results are displayed on the instrument
as the Implant Stability Quotient (ISQ), which is scaled
from 1 to 100. Higher ISQ numbers indicate greater
implant stability. The ISQ number is related to the
lateral stability of the implant, which depends on the
rigidity of the bond between the implant surface and
the bone.” Another method to evaluate implant’s
primary stability is the measure of the insertion torque.
The value of the final torque placement is the clinical
parameter most often chosen by the surgeon to measure
immediate load. However, the insertion torque value
above which primary stability to apply immediate
loading has not been well defined, but some authors
found that values above 32 Ncm would be an indication
of primary stability. Some researchers"™" have dis-
cussed the correlation between the torque and ISQ;
however, a consensus does not exist about this
correlation.

The present work evaluated the effect of the surface
morphology and titanium dental implant design on the
primary stability of an implant’s surgical placement. In
this work, two different implant geometries and three
surface treatments were analyzed through resonance fre-
quency, using the Osstell mentor™ device (Integration
Diagnostics), and the insertion torque, measured with
an electronic device.

MATERIALS AND METHODS

In the present work, a commercial screw-shaped dental
implants of cp Ti ASTM grade 4, with a diameter of
5.0 mm and length of 13.0 mm was used. Forty-five
dental implants (Conexdo Sistemas e Prétese, Sao Paulo,
Brazil) with cylindrical or conical designs and three
surface finishes (machined, acid-etched, and anodized)
were used in this study. The designs of the analyzed
dental implants are shown in the Figure 1. Figure 2
shows the surface morphologies of the dental implants.

In the present work, dental implants were inserted
into high molecular weight polyethylene (HMWPE)
cylinders. The HMWPE (Ciplast, Rio de Janeiro, Brazil)
presents better homogeneity than cancellous or cortical
bone, and possesses a density and hardness close to
those of cortical bone from a jaw. The mechanical prop-
erties of the HMWPE used are shown in Table 1. The
cylinders of HMWPE, with a diameter of 16.0 mm and
length of 20.0 mm, were cut from the same bar.

Figure 1 The dental implant designs. A, Conic. B, Cylindrical.
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Figure 2 Dental implant surface morphologies. A, As-machined. B, Acid-etched. C, Anodized.

Friction Coefficient

Commercially pure Ti grade-4 discs were machined and
submitted to the same surface treatments as commercial
dental implants (machined, acid-etched, and anodized)
used in this work for implant insertion testing. The discs
were used to determine the friction coefficient between
the titanium and the HMWPE.

Figure 3 illustrates the friction test set-up for mea-
suring the friction coefficient. In this figure, W is the
cylinder weight and Fy is the friction force. The Ti cylin-
ders were put on the surface polymer plate, which was

TABLE 1 Density, Ultimate Tensile Strength,

Elongation, and Rockwell Hardness of the HMWPE
Cylinder into Which the Implants Were Inserted

Density (g/cm’) 0.95
Tensile strength (kgf/cm?) 24
Elongation (%) 500
Rockwell hardness 60 R

slowly raised; when the cylinder began to slide, the
plate’s angle of inclination was measured. The friction
coefficient was considered to be the tangent of the angle
(o) of inclination of the polymer plate. For each cylinder
surface finishing, five samples were used. Each sample
was tested three times, totaling n =15 for each surface
finishing group.

Surface Roughness

The surface roughness was measured in the discs after
the same dental implant surface treatments. Three discs

& 3i

/

Figure 3 Set-up for friction coefficient measurement.
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from each implant group were used; the roughness
parameter was determined in five directions in each
sample (n=15). The roughness parameters were mea-
sured two-dimensionally with a non-contact method
using a laser profilometer (Perthometer Concept, Mahr
GmbH, Brauweg 38 Gottingen, Germany). The param-
eters for numerically characterizing roughness were: the
arithmetic mean of the absolute values of roughness
(Ra), the peak-to-valley roughness, (Rz) and the root
square value of average roughness (Rq).

Hole Drilling

The HMWPE cylinders were attached in a device
coupled to an electronic digital torque transducer. The
holes were drilled according to the surgical protocol sug-
gested by the implant manufacturer. Holes were drilled
in the center of the disc’s face through standard place-
ment protocol. The holes were drilled to a depth of
15 mm to guarantee that the apex of the implant did
not contact the bottom of the hole, which can induce a
force resistance against the implant insertion. When the
implant contacts the bottom of the hole, the insertion
torque increases and it becomes impossible to measure
the true insert torque induced by the friction between
the implant and the wall of the hole.

For cylindrical implant site preparation, an initial
mark was made in the HMWPE discs. Next, the follow-
ing were used: a spherical drill with diameter of up to
2 mm and length of 13 mm; a pilot drill between 2- and
3-mm wide; a cylindrical drill 3-mm wide; a pilot drill
between 3- and 4.3-mm wide; and a cylindrical drill
4.3-mm wide. To measure the influence of a screw tap
on the insertion torque, three groups of HMWPE cylin-
ders were drilled to a diameter of 4.3 mm and a parallel
tap used as the final step of the site preparation, before
implant insertion. For a conical implant site, the same
process was used as in cylindrical implant placement
preparation, except that the drills were conical and no
tap screw was used.

The drills were changed after every 10 drills to
reduce the possibility of inaccurate diameter, and to
avoid eccentric hole and poorly finished walls. These
would result in possible alterations in the primary sta-
bility and increase the initial mobility of the implants.

To drill the HMWPE cylinder, a surgical, electric-
motor, dental implant Omega, MC 010M (Dentscler,
Ribeirao Preto, Brazil) was coupled to the hand-piece
Anthogyr 20:1 (Anthogyr, France).

Implant Insertion

To insert the 45 implants into the HMWPE cylinders, a
low-speed (20 rpm) surgical motor with handpiece was
used. For the insertion, a Nobel Biocare (Nobel Biocare,
Yorba Linda, CA, USA) motor model DAE 028 was used
with reduction 20:1 until the maximum motor torque
range (45 Ncm); after this, a hand torque wrench was
used to submerge the implants until their upper part
became parallel to the site’s platform. Five implants of
each geometry and finishing surface were inserted.

Torque and Resonance Frequency

The insertion torque was recorded during site drill
preparation and implant placement. The torque was
recorded by an electronic torque transducer, Lutron
TQ8800, with an accuracy of 0.1 Ncm. The electronic
torque device (Lutron Electronic Enterprise Co., Taipei,
Taiwan) was connected to a computer and the data were
recorded. For statistical analysis, the maximum insertion
torque value was considered to be the insertion torque.

Immediately after the implant’s placement, the
HMWPE cylinder was removed from the digital torque
device and the primary stability was quantified with
Osstell mentor™. For each specimen, the same operator
manually attached the smartpeg transducer to the top of
the implant. Three resonance frequency measurements
were conducted for each sample (n = 15 for each group).
Resonance frequency is given in the form of an ISQ to
allow comparison among implant designs or surface fin-
ishing. The ISQ values were averaged to reduce artifacts
caused by noise and human error. The mean and stan-
dard deviation were calculated for later comparison and
discussion. Insertion torque and resonance frequency
were subjected to correlation analysis.

Statistical Analysis

For descriptive statistical analysis, the maximum values
of insertion torque and ISQ for each procedure were
used. One-way analysis of variance (ANOVA) with
Tukey’s test was used to evaluate the association of the
insertion torque, ISQ values, implant design, and surface
morphology. Pearson’s correlation was used to evaluate
the influence of the screw tap on the torque insertion
and on ISQ. As the data obtained in the tests are not
parametric, evaluating the influence of the different
surface treatments on the torque and ISQ required the
use of Spearman’s correlation.
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TABLE 2 Roughness Parameters and Friction Coefficients (i) of the Ti

Discs against the HMWPE Plate

Surface Ra (um) Rg (um) Rz (um) [

Machined 0.78 +0.06 1.06 +0.10 5.67 +0.92 0,34 +0.01

Acid-etched 0.84 +0.05 1.20 £0.15 6.03 +0.84 0.42 +0.02

Anodized 0.92+0.11 1.31+0.17 6.09+1.12 0.49+0.01
Implant Surface Area DISCUSSION

The external areas of the dental implants were calculated
with drawings done in the CAD system using the soft-
ware Solid Works (DS SolidWorks, Concord, MA, USA).
The drawings were available from the manufacturer. The
software Solid Works allows the calculation of the
surface area of irregular shape.

RESULTS

The values of the numerical roughness (Um) and the
friction coefficients (i) among the Ti discs and the
HMWPE plate are shown in Table 2. Figure 4 shows
the implant thread geometry of the cylindrical and
conical screw implants.

Table 3 shows the mean and standard deviation
values of the maximum implant insertion torque and
the implant stability quotient measured with the reso-
nance frequency.

Figures 5 and 6 show the influence of implant
design on the insertion torque and the ISQ, respectively.
The torque to install the conical implant is larger than
the torque to install the cylindrical implant. However,
the stability measured by the resonance frequency is
smaller for the conical implant.

To eliminate the effects of any parameter on the
implant’s primary stability, the implants were inserted
into a homogeneous material. In vivo model could
increase the heterogeneity, once bone presents different
density, hardness, and mechanical properties in the same
segment; this considerably affects the implant’s primary
stability.'

Huang and colleagues' measured implant stability
using resonance frequency (RF). The test implants were
embedded into gypsum blocks, which were used to
simulate the mass effect of alveolar bone. It was observed
that boundary height, width, and density factors can
influence the resonance frequency. The authors found
that a lower boundary density and greater boundary
thickness can lead to more obvious RF changes. Conse-
quently, use of homogeneous material ensures that the
results are functions only of the implant design and
morphology.

In previous studies, a polymer has been used to
evaluate the effect of the density of the bone on the
dissipation of the implant’s energy at the moment of
placement."® The most important aspect is the use of a
homogeneous material, which allows analysis of the

TABLE 3 Mean and Average Deviation of Insertion Torque (Ncm) and

Implant Stability Quotient (ISQ) for Each Model of Tested Implant

Design Surface Thread Tap Insertion Toque (Ncm) 1SQ

Cylindrical Machined No 51.0£3.0 85.0£3.0
Machined Yes 31.0+3.0 82.0+ 1.0
Acid-etched No 68.0+2.8 87.0+2.0
Acid-etched Yes 61.8%+2.1 86.0+ 1.0
Anodized No 79.0 £ 3.0 84.0+3.0
Anodized Yes 73.4%3.6 83.0+ 1.0

Conical Machined No 54.0x1.1 81.0%x 1.0
Acid-etched No 102.4 £4.0 81.0+3.0
Anodized No 108.1 £4.2 80.0+2.0
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Figure 4 Thread geometry of the implants. A, Cylindrical. B,
Conical.

effect of implant design and surface morphology on the
primary stability without being influenced by any other
parameter.

The results showed that the maximum torque to
insert the implant depends on the friction coefficient,
implant design, implant thread geometry, and surface
treatment. The implants submitted to a surface treat-
ment presented a higher roughness and higher friction
coefficient than the machined one. The implant that
required the smaller insertion torque was the machined
one, which possesses a smooth surface compared with
the acid-etched or anodized samples. The insertion

_.—A
A——"T
100+ /
7/
~~ /
80' . -
g '/ ,/"":’:
Z '/ ‘/. /.’-’./
o 60 s T e —
3 'y R —=— Cylindrical
5 40 /./ —e— Cylindrical Tap
= ) s —a— Conical
pe
20 T T T
Machined Acid Anodized

Figure 5 Effect of the implant design and surface treatment on
the insertion torque (Ncm).

torque for the acid-etched implant was significantly dif-
ferent from the anodized implant.

Use of the screw tap as the final site-preparation step
reduced the insertion torque of the cylindrical implant
with a treated surface.

For the same finishing surface, the differences in
insertion torques reflect different implant geometry,
where the cylindrical implant has a lower value than
the conical one.'® This behavior can be attributed to the
different thread forms, the implant geometry, and the
surface area. Figures 4 and 7 show the implant thread
geometries. The screw threads are different between
cylindrical and conical implant. The thread geometry of
the conical implant increases the implant surface area in
contact with the host tissue. The reduction in pitch of
the conical implant thread increases its contact area
as compared with the cylindrical implant. The conical
implant has a larger area (343.4 mm?®) than the
cylindrical implant (316.9 mm?). As surface area
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Figure 6 Effect of the implant design and surface treatment on
the Implant Stability Quotient.



*0,4

\
)

N

fa

Figure 7 Thread geometries of the implants. A, Cylindrical. B,
Conical.

increases, the friction surface between the implant and
the site wall increases, demanding a larger insertion
torque.

The corresponding analysis for ISQ showed no sta-
(two-way ANOVA,
p =.05) between the conical and cylindrical implants.

tistically significant difference

This result shows that the geometries do not have as
much influence on the ISQ values as the insertion torque
in the present experimental model.

In the present work, it was determined that there
was no relationship between insertion torque and ISQ.
Those results corroborate data presented by litera-
ture.*'>"” A correlation of ISQ and insertion torque
exists only within the cylindrical implant groups
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inserted in the tap-prepared sites. The machined
implant has a lower ISQ and insertion torque than the
surface-treated implants. Possibly, the values of the reso-
nance frequency were high enough that the equipment
was insufficiently sensitive to detect the differences.

The difference in the contact area, which was asso-
ciated with the implant shape, screw thread geometry
and surface roughness, interfered directly in the
implant insertion torque. To understand the influence
of these parameters on the primary stability, a dental
implant screw was compared with a screw used for
fastenings.

Fastening screws are used for holding two or more
parts of an assembly together or for adjusting one part
relative to another. In fastening screws, the threads are
made in several standard forms. The fastening screw is
tight through the application of a torque in its head; as
the screw is tightened, tension is generated in the screw
body. The force generated in the body of the screw is
named preload, or torquing up. The stability of the
screw joint is a function of the initial tension achieved in
the screw when applying the preload tightening torque
to clamp the components together. The optimum
preload torque is influenced by the geometry of the
screw, the contact relationships between the screw and
its bore and threads, the friction coefficient, and the
properties of the materials used."* The preload gener-
ated in the screw-joining and the screw-holding union
can be associated with the dental implant’s primary sta-
bility. During the implant insertion, the interaction
mechanisms between the implant and the bone can be
explained using the classic theory of screw fastening for
holding two or more parts together or for adjusting one
part with relation to another, as described by Shigley"
and analyzed by Elias and colleagues.”’ During the screw
tightening or during the implant insertion, the frictional
resistance of the thread creates a tensile stress in the
SCrew.

Based on an analysis of the implant forms shown in
Figure 1, the cylindrical implant has a cutting thread and
a camera for collection of the removed material. The
cylindrical implant has geometry more favorable to the
insert than the conical implant. During the insertion of
both implants, the torque increases as the implant is
inserted; a self-locking occurs. The effectiveness of
the self-locking depends on the tightness with which the
spiral sloping surfaces of the root of the implant and the
crest of the hole material’s tread jam against each other.
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Consequently, the insertion torque increases during
insertion because the implant’s contact surface with the
host increases.

The experimental results of the present work show
that, aside from the implant geometry, the surface
morphology also interferes with the implant’s primary
stability.

Although real bone tissue was not used in the
experiments, the results of this investigation provide
useful quantitative data on the influence of implant
design and surface finishing. The results of the present
work showed that both implant surface treatments
analyzed (acid-etching and anodizing) present similar
insertion torques.

The maximum implant insertion torque depends
on the friction coefficient, implant thread geometry,
and morphology. The friction is sensitive to the implant
surface treatment. The implants with treated surfaces
presented a larger superficial roughness and larger fric-
tion coefficient than machined dental implant.

CONCLUSION

Based on the results obtained in the present work, it is
possible to conclude:

1. The maximum implant insertion torque depends
on the implant geometry, thread form, and surface
roughness.

2. The implants submitted to surface treatment
have greater roughness, higher friction coefficient,
and larger insertion torques than machined
implants.

3. In the machined cylindrical implants inserted after
preparation with the tap, generated torques were
smaller than recommended (45 Ncm) for immedi-
ate load.

4. Implants with treated surfaces had higher insertion
torques and ISQ than machined implants.

5. The insertion of a conical implant with a treated
surface requires the highest insertion torque.

6. ISQ values of implant placement did not correlate
with the insertion torque.

ACKNOWLEDGMENTS

This study was supported by CNPq Brazilian Govern-
ment (Process 472449/2004-4, 400603/2004-7 e 500126/
2003-6) and from FAPER]J (Process E-26/151.970/2004).

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Brédnemark P-I, Zarb GA, Albrektsson T. Tissue-integrated
protheses. osseointegration in clinical dentistry. Chicago, IL:
Quintessence Publishing Co. Inc., 1985.

Albrektsson T, Hansson T, Lekholm T. Osseointegrated
dental implants. Dent Clin North Am 1986; 30:151-174.
Akca K, Chang TL, Tekdemir I, Fanuscu MI. Biomechanical
aspects of initial intraosseous stability and implant design:
a quantitative micro-morphometric analysis. Clin Oral
Implants Res 2006; 17:465-472.

Akkoucaoglu M, Uysal S, Tekdemir I, Akca K, Cehreli MC.
Implant design and intraosseous stability of immediately
placed implants: a human cadaver study. Clin Oral Implants
Res 2005; 16:202-209.

Abboud M, Koeck B, Stark H, Wahl G, Paillon R. Immediate
loading of single-tooth implants in the posterior region. Int
J Oral Maxillofac Implants 2005; 20:61-68.

Morton D, Jaffin R, Weber H-P. Immediate restoration and
loading of dental implants: clinical considerations and pro-
tocols. Int J Oral Maxillofac Implants 2004; 19:103-108.
Nikkelis I, Levi A, Nicolopoulos C. Immediate loading of 190
endosseous dental implants: a prospective observational
study of 40 patient treatments with up to 2-year data. Int J
Oral Maxillofac Implants 2004; 19:116-123.

Gapski R, Wang H-L, Mascarenhas P, Lang NP. Critical
review of immediate implant loading. Clin Oral Implants
Res 2003; 14:515-527.

Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y. Surface
treatments of titanium dental implants for rapid osseointe-
gration. Dent Mater 2006; 23:844—854.

Caulier H, Naert I, Kalk W, Jansen JA. The relationship of
some histologic parameters, radiographic evaluations, and
Periotest measurements of oral implants: an experimental
animal study. Int J Oral Maxillofac Implants 1997; 12:380—
386.

Yang SM, Shin SY, Kye SB. Relationship between implant
stability measured by resonance frequency analysis (RFA)
and bone loss during early healing period. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2008; 105:e12—e19.
Meredith N, Books K, Fribergs B, Jemt T, Sennerby L. Reso-
nance frequency measurements of implant stability in vivo.
A cross-sectional and longitudinal study of resonance fre-
quency measurements on implants in the edentulous and
partially dentate maxilla. Clin Oral Implants Res 1997;
8:226-233.

Pattijn V, Van Lierde C, Van Der Perre G, Naert I, Van Der
Sloten J. The resonance frequencies and mode shapes of
dental implants: rigid body behaviour versus bending behav-
iour. A numerical approach. ] Biomech 2006; 39:939-947.
Shigley JE. Mechanical engineering design. Tokyo: McGraw-
Hill Kogakusha Ltd., 1977.

Cunha H, Francischone CE, Nary Filho H, Oliveira RCGA. A
comparison between insertion torque and resonance



16.

17.

frequency in the assessment of primary stability and final
torque capacity of standard and TiUnite single-tooth
implants under immediate loading. Int ] Oral Maxillofac
Implants 2004; 19:578-585.

Al-Nawas B, Wagner W, Grotz KA. Insertion torque and
resonance frequency analysis of dental implants system in
animal model with loaded implants. Int J Oral Maxillofac
Implants 2006; 21:726-732.

Friberg B, Sennerby L, Meredith N, Lekholm U. A compari-
son between insertion torque and resonace frequency
measurements of maxillary implants. Int ] Oral Maxillofac
Implants 1999; 28:297-303.

18.

19.

20.

Primary Stability of Dental Implant 223

Vanschoiack LR, Wu JC, Sheets CG, Earthman JC. Effect of
bone density on the damping behavior of dental implants:
an in vitro method. Mat Sci Eng C 2006; 26:1307-1311.
Huang H-M, Chiu C-L, Yeh C-Y, Lee S-Y. Factor influencing
the resonance frequency of dental implants. ] Oral Maxillo-
fac Surg 2003; 61:1184-1188.

Elias CN, Figueira DC, Rios PR. Influence of the coating
material on the loosing of dental implant abutment screw
joints. Mat Sci Eng C 2006; 26:1361-1366.



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



