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linical and laboratory pro-

tocols relating to dental

implants’® and the need
for a passive fit between the vari-
ous components are well docu-
mented in the literature®®? A
passive fit minimizes stress on
the prosthesis and its supporting
components when the prosthesis
is placed in function.

Prosthetic complications, how-
ever, have been related to com-
ponent failure 5" This type of
clinical situation is demonstrated
in Figures 1A through 1D. Fig-
ure 1A shows a four-unit man-
dibular bridge supported in vivo
on two Grade 1 titanium im-
plants, and Figure 1B shows ra-
diographs depicting the level of
osseointegration attained. After a
period of 2 years in the mouth,
the anterior implant failed, re-
quiring removal of the bridge
and the remaining segment of
the fractured fixture. Figure 1C
shows the bridge after it was re-
moved from the mouth. The frac-
tured segment of the anterior
abutment is visible, and the frac-

Abstract

Four dental implant/abutment combinations were selected to
determine: (1) the engagement length of the abutment connec-
tion; (2) the rotational tolerance of the abutment on the implant;
and (3) the torque required to fail the attachment between the
abutment and implant when the two were clamped together with
the manufacturer’s prescribed torque values. The engagement
length was measured and recorded in microns. The rotational tol-
erance in degrees was calculated from coordinate measurements
taken with the abutment rotated on the implant in the two ex-
treme positions. The failure torque was recorded after the abut-
ment had been fastened to the implant with the recommended
torque value. A one-way analysis of variance (ANOVA) test dis-
closed the following. The Screw-Vent® combination demonstrated
the longest abutment engagement length, followed in descending
order by the Swede-Vent TL®, Nobelpharma, and Calcitek. Be-
cause of the interlocking connection between both the Swede-
Vent TL® and Screw-Vent® components, these systems had zero
rotational tolerance values. In contrast, the Nobelpharma and
Calcitek systems had a mean rotational tolerance of 3.08 and 3.04
degrees respectively. There was no significant difference between
the latter two systems. Swede-Vent TL® also showed the greatest
torque required to fail the attachment, followed in decreasing
order by the Screw-Vent®, Nobelpharma, and Calcitek. All tor-
sional failures occurred as stripped corners of the male compo-
nent, and in all cases, the abutment screw did not fail.

Learning Objectives

After reading this article the reader should be able to:

¢ distinguish between the various grades of titanium used for den-
tal implants.

e discuss the advantages and disadvantages of various implant
attachment connection features.

¢ understand the relationship between friction and clamping force
in implant components.

¢ compare the manufacturer’s recommended torque for tightening
screws in fixtures.

ture location in the implant was
at the distal end of the abutment

From the time that this bridge
was in the mouth, it is safe to

screw. Figure 1D shows a closer
view of this implant fracture site.

say that the implant failed as a
result of load fatigue. The end
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Figure 1B—
X-ray films of
fixtures in the
mandible.

Figure 1A—Mandibular bridge supported on two
Nobelpharma fixtures. The bridge spans from the first
molar to the first premolar.

result is that the distal section of
this anterior fixture must be re-
moved surgically and, if possible,
replaced. Binon™ suggested that
prosthetic screws can loosen as a
result of: (1) inadequate tighten-
ing; (2) inadequate prosthesis
fit; (3) poorly machined parts;
(4) excessive loading; (5) screw
design; and (6) elasticity of bone.
Reasons three and five are re-
lated to engineering design, and
thus can be assessed in a labora-
tory setting. Poorly machined
parts, in particular, can be di-
rectly attributed to machining

Flgure 1C—Bridge removed from the mouth afterﬁac-
ture of the fixture below the premolars.

tolerances or a
lack of machin-
ing accuracy.
Balshi®® also
suggested that
functional overload can lead to
screw loosening and can also
contribute to fixture, screw, and
bone fractures, leading to a loss
of osseointegration.

In an engineering sense, the
machining tolerances of an
implant’s components are based
on dimensional variation, surface
roughness range of a component,
and also the variation in me-

Figure 1D —Closer view of the fixture fracture surface.
Fracture occurred at a level equivalent to the distal end
of the abutment screw.

chanical properties that can re-
sult from heat treatment or other
processing operations.'® Both di-
mensional variation and surface
roughness are types of machin-
ing tolerances.’® The dimensional
tolerance specifies how much a
machined component can vary
from an “exact dimension,” be-
fore it fails or is defective. The
surface roughness caused by ma-
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chining also can affect an im-
plant’s tolerance because it can
change the frictional force devel-
oped between the two surfaces
in contact, ie, the friction between
the abutment and the fixture.

The tolerances of implant com-
ponents were discussed by
Binon." Implant components
from several companies were
measured, and their dimensional
variations were recorded. In ad-
dition, the interface gap between
components that were clamped
together using standard screws
torqued to the manufacturer’s
recommended values was also
recorded.

Surprisingly, gaps existed be-
tween matched components
from the same manufacturer, as
well as between mixed compo-
nents from different manu-
facturers. This could be signifi-
cant because component settling
or plastic flow of the contacting
surfaces can occur in function
with attendant loss of screw
clamping force. Sorensen et al'’
also compared implant compo-
nents from different manu-
facturers. The tolerance varia-
tions measured in their study
were similar to those recorded by
Binon."

The purpose of the present
investigation was to determine:
(1) the rotational movement be-
tween the abutment/fixture at-
tachment; (2) the length of en-
gagement of this attachment; and
(3) the torque required to fail this
engagement length.

Methods and Materials

The four implant systems in-
vestigated were Nobelpharma?,
Dentsply Swede-Vent TL®?,
Calciteks, and Dentsply Screw-

* Nobelpharma USA, Chicago, IL 60632
® Dentsply Implant, Encino, CA 91436
< Calcitek Inc, Carlsbad, CA 92008
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Figure 2—The four implant systems evaluated (shown from left to right):
Nobelpharma, Dentsply Swede-Vent TL®, Calcitek, and Dentsply Screw-

Vent®,

Table 1—Descriptions of Implant Systems Studied

Group 1 Nobelpharma: External hexagon

Fixture: Commercially pure titanium—ASTM Grade 1
Abutment: Commercially pure titanium—ASTM Grade 1
Group 2 Dentsply Swede-Vent TL®: External hexagon
Fixture: Commercially pure titanium—ASTM Grade 4
Abutment: Titanium alloy—ASTM Grade 23

Group 3 Dentsply Screw-Vent®: Internal hexagon
Fixture: Titanium alloy—ASTM Grade 23

Abutment: Titanium alloy—ASTM Grade 23

Group 4  Calcitek: Internal octagon

Fixture: Titanium alloy—ASTM Grade 5

Abutment: Titanium alloy—ASTM Grade 5

Vent®® (Figure 2, Table 1). Three
separate test protocols were used
to determine the three mechani-
cal properties being evaluated in
this study. Ten abutments in
sealed vials were randomly
paired with 10 fixtures from the
same implant system. These 10
pairs were maintained during all
measurements and testing.

Engagement Length
Measurement

For this study, the engagement
length was defined as the length
of the male portion that would
be in intimate contact when the
components were assembled. In
particular, this engagement
length is that section of the at-
tachment that would fail when
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Figure 3—Chatillon Torque Gage consisting of the calibrated wrench at-
tached to the control and display unit.

Table 2—Torque Values Used to

Tighten the Abutment Crown

Implant System

Dentsply Swede-Vent TL®
Dentsply Screw-Vent®

Nobelpharma

3 degrees. This
would impose
a maximum
error of 0.14%.

Tightening Torgue
(N-cm) Rotational

Tolerance

30 Between

30 Abutment
and Fixture

20 The objec-

226 tive here was

Calcitek

the abutment was rotated with
respect to the fixture.

Length measurements were
made using a model 20 Nikon
Measurescope with an attached
SC-102 digital counter. The accu-
racy of this device is 0.001 mm,
and the reading error was found
to be +£0.003 mm.

One edge of each fixture was
aligned along one axis of the reti-
cule in the eyepiece. This allowed
direct measurements of the en-
gagement length. Small angular
misalignments ranged from 1 to

4 Nikon, Tokyo, Japan

to measure the
amount of ro-
tational move-
ment between the abutment and
the fixture, where this movement
is directly related to the machin-
ing tolerances. These rotational
movements were made using the
mode] 20 Nikon Measurescope.
First the abutment was attached
to the fixture, and this combina-
tion was placed in a special mea-
suring jig, which held the test
components in a fixed vertical
orientation. In this jig, the fixure
was clamped against rotational
movement using a set screw.
The steps required to calculate
the rotational movement were:
1. First the abutment was rotated

with respect to the fixture to
the extreme clockwise position
allowed by the machining tol-
erances.

2. The X and Y coordinates of a
mark on top of the abutment
were measured and recorded.

3. Next the abutment was rotated
to the extreme counterclock-
wise position allowed by the
machining tolerances.

4. The new X and Y coordinates
of the mark on top of the abut-
ment were measured and re-
corded.

5. Calculation of the rotational
movement was accomplished
using the two coordinate mea-
surement sets.

The software used to make all
of the mathematical calculations

was Excel® version 5.0.

Torsional Failure of the
Abutment/Fixture
Combinations

To accomplish this, a Chatillon
Torque Gage' was used (Figure
3). This precision instrument was
calibrated to be accurate to
within 5% of the scale value. It
had the distinct advantage of
being able to store and display
the maximum torque value at-
tained after a torque-loading test.
The steps for determining the
maximum torque to failure were:
1. The abutment was attached to

the implant, and the abutment

screw was torqued to the
manufacturer’s prescribed

torque value (Table 2).

2. The implant was secured in
the three-jaw chuck of the
Chatillon Torque Gage.

3. The abutment was clamped to
a small bench vice, allowing
the torque gauge and the
specimen to be held in a verti-

¢ Microsoft Corporation, Redmond, WA
98052
" Chatillon, Greensboro, NC 27409
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cal orientation.

4. With the hand resting on
top of the bench vice, the
Chatillon Torque Gage was ro-
tated clockwise until failure
occurred. (By allowing the
Torque Gage to be in a verti-
cal orientation during this test,
lateral movement of the gauge
was not a problem because the
hand rested on the vice top
during torquing.)

5. The failure torque measure-
ment displayed on the
Chatillon Torque Gage was
recorded.

Statistical Analysis

A one-way ANOVA test was
used to determine differences be-
tween the four groups, and the
Student-Newman-Keuls test
identified statistically significant
subsets at the 95% confidence
level.

Results

The results of the three tests
are given in Tables 3 through 5.
In addition to the raw data, these
tables give the mean and stan-
dard deviation for each implant
system. Table 6 shows the results
of the statistical analysis for each
of the 3 variables measured.

Engagement Length of
Implant Abutment
Contacting Elements

Table 3 provides the engage-
ment length measurements for
each of the 10 attachments mea-
sured. The values in this table are
in micrometers. The last 2 lines
in this table give the means and
standard deviations for the 10
samples in each of the 4 groups
tested. The one-way ANOVA

procedure determined 4 signifi-

cant subsets (Table 6). Each of
these subsets contained one im-
plant system. The Screw-Vent®

Table 3—Engagement Length for Each Implant

System

Specimen Engagement Length (Lm)
Number Nobelpharma Dentsply Dentsply Calcitek
Screw-Vent® Swede-Vent TL®
il 547 1456 618 540
2 531 1431 613 540
3 565 1487 635 529
4 567 1469 611 539
3 546 1455 615 516
6 560 1148 632 549
7 557 1454 628 532
8 542 1467 622 526
9 532 1469 607 545
10 562 1475 610 561

Mean 550.9 1461.1 619.1 537.7

Standard

Deviation 13.2 15.7 9.8 127

had the largest abutment engage-
ment, followed by Swede-Vent
TL® Nobelpharma, and Calcitek,
in decreasing order.

Rotational Tolerance
Between Abutment and
Fixture

Table 4 gives the individual
values of rotational tolerance for
each of the samples tested in the
four test groups. The means and
standard deviations for these
data are given in the last two
lines of the table. The Swede-
Vent TL® and Screw-Vent® had
zero rotational tolerance values
for all 10 samples However, the
Calcitek and the Nobelpharma
systems displayed mean rota-
tional tolerance values of 3.08
and 3.04 degrees respectively.
There was no significant differ-
ence between the rotational val-

ues for the latter 2 systems
(Tables 4 and 6).

Torsion Failure of the
Abutment/Fixture
Combinations

The torsion failure values, plus
the means and standard devia-
tions, for the four systems tested
are listed in Table 5. The statisti-
cal analysis disclosed 4 signifi-
cant subsets for this variable,
each subset containing 1 system
(Table 6). According to this analy-
sis, the Swede-Vent TL® system
had the highest resistance to tor-
sional force, followed by Screw-
Vent® Nobelpharma, and
Calcitek, in decreasing order.

Discussion

Before discussing the results of
this investigation, it may be help-
ful to explain information related

8 Postgraduate Dentistry
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same basic components as Grade
5, its maximum allowable levels
of carbon, iron, and oxygen are
lower. Thus, Grade 23 is quoted
as having “extra low interstitial

Table 4—Rotational Abutment Tolerance for Each

Implant System

Specimen Rotational Tolerance (Degrees)

Number Nobelpharma Dentsply Dentsply Calcitek elements” (ELI). This ELI desig-
Screw-Vent® Swede-Vent TL® nation indicates a lower contami-
I ) nation level and is purely a func-
g 4 i 1 e tion of ASTM standards. This is
2 2.5 0.0 0.0 3.5 not related to dental consider-
3 22 0.0 0.0 1.9 ations. _ o
On the basis of the titanium
4 11 0.0 0.0 14 grade, it would be expected that
G 3.8 0.0 0.0 36 Grades 4, 5, and 23 have a higher
torsional strength than Grade 1.
6 2.4 0.0 0.0 3.1 The tensile strength of Grades 5
7 3.8 0.0 0.0 3.3 and 23 is more than 3 times that
of Grade 1, and the tensile
. i L b % strength in Grade 4 is twice that
H 23 0.0 0.0 3.6 of Grade 1. Thus, the Screw-
10 s 0.0 0.0 28 Vent®, Swede-Vent TL® and
Calcitek systems should have the
Mean 3.08 *or ot 3.04 highest torque values. However,
the torsional failure values for
Stan.d ] 5 the Nobelpharma components in
Deviation 0.08 S5 i 0.08

* No discernable rotation under 25x

** Values not calculated

to ASTM specification B348-94
Standard Specification for Tita-
nium and Titanium Alloy Bars
and Billets. While this specifica-
tion covers 23 grades of titanium,
only 6 grades are used in den-
tistry. Grades 1 through 4 are for
unalloyed, commercially pure ti-
tanium, whereas Grades 5 and
23 are for a titanium alloy con-
taining approximately 6% alumi-
num and 4% vanadium. These
grades are defined further in
Table 7. The tensile strengths,
yield strengths, and elongation of
these 6 titanium grades are given
in Table 8. The tensile and yield
strengths also increase as the
grade number increases. How-
ever, the elongation of these four
grades decreases with increasing
grade number. For the 2 titanium

alloys (Grades 5 and 23), the ten-
sile and yield strengths also in-
crease with an increase in grade
number. Grade 5 titanium alloy,
therefore, has a higher contami-
nant level and higher tensile and
yield values. The elongation,
however, is the same for both
Grades 5 and 23. It is clear then
that higher grades of titanium are
used for dental implants because
the strength of the in vivo com-
ponents is a major consideration.

The implant components
tested in this protocol fit in the
following categories:

Nobelpharma Grade 1
Swede-Vent TL® Grade 4
Screw-Vent® Grade 23
Calcitek Grade 5

Table 7 shows that while
Grade 23 titanium alloy has the

this study were one to two times
lower than the Swede-Vent TL®,
Screw-Vent®, or Calcitek systems,
rather than two to three times
lower, as would be expected.
This can only lead to the conclu-
sion that the engagement length
is not the only resistance invoked
during torsional failure. Perhaps
a second and significant resist-
ing factor is the friction devel-
oped between the abutment and
fixture. This factor alone has
clinical significance when consid-
ered in the context of screw l0os-
ening.

There are two frictional forces
to be considered here—static fric-
tion and dynamic friction. Static
friction must be overcome to in-
duce motion. Dynamic friction
must be overcome to maintain
motion. Static friction is always
greater than dynamic friction.
Thus, when the Nobelpharma
and Calcitek systems are under
the torsional load, static friction

Vol. 2, No. 1
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must first be overcome before
motion occurs. This motion in-
volves a slipping between the
abutment and the fixture that is
permitted as a result of the rota-
tional tolerance (Table 4). As a
result, the frictional force changes
from static to dynamic at the
point where the engagement
length is activated. After the ro-
tational tolerance has been elimi-
nated, this engagement length is
sheared. Thus, the final torsional
resistance is a combination of dy-
namic friction and shearing of
the engagement length. In con-
trast, because there was no rota-
tional tolerance for the two
Dentsply systems, torsional resis-
tance would probably be caused
by a combination of static fric-
tion plus shearing of the engage-
ment length. The Screw-Vent®
system has an engagement
length at least twice that of the
other three systems (Table 3). The
relative failure torques (Table 5),
however, do not reflect this same
ratio. Therefore, it seems likely
that a frictional component,
whether static or dynamic, offers
considerable resistance to tor-
sional failure.

This is further exemplified by
the fact that the Swede-Vent TL"
system has an abutment engage-
ment length and tensile strength
comparable to those of the
Calcitek system, yet the mean
torsional failure value for the
Swede-Vent TL® system is ap-
proximately 50% higher than that
for the Calcitek system (Table 5).
The frictional force developed be-
tween two clamped surfaces is a
function of the clamping force
times the coefficient of friction.
It would appear reasonable to as-
sume that the clamping force for
the Swede-Vent TL® system was
approximately 50% higher than
that for the Calcitek system, and

Table 5—Torsion Failure Values for Each Implant

System

Specimen

Number Nobelpharma

Dentsply

Torsion Failure Values (N-cm)

Dentsply Calcitek

Screw-Vent® Swede-Vent TL®

1 123.2 169.0 224.8 97.8
2 143.6 192.8 201.4 112.4
3 117.2 170.0 179.6 98.6
4 148.0 195.8 169.6 104.7
5 120.8 129.8 214.2 104.2
6 125.6 153.6 173.2 87.4
7 139.6 171.8 199.6 94.8
8 131.0 164.6 164.8 100.4
9 109.2 136.6 155.4 111.2
10 138.4 173.8 190.2 103.6
Mean 128.8 165.8 187.3 101.5
Standard
Deviation 11.7 21.2 22.6 7.5

Table 6—Results of Statistical Analysis

Statistical Subsets (P < 0.05)

Engagement Length
Rotational Tolerance Values**

Torsional Failure Values

1 2 3
SNyt () il C
N,C : - -
SW  sC N i

* SW = Swede-Vent TL?, SC = Screw-Vent®, N = Nobelpharma, C = Calcitek.

* Only N and C were evaluated.

thus, the 50% difference between
the failure torques becomes
readily apparent.

This influence of friction must
also be recognized in screw loos-
ening. Screw loosening can be at-
tributed to a settling of the com-
ponents in some form of plastic
flow or permanent surface defor-
mation of the mating surfaces.'”

Jorneus et al measured the torque
needed to overcome friction be-
tween the abutment and fixture
for various tightening torques.'®
Their study showed that after
settling, the torque decreased.
Unquestionably, the torque deliv-
ery system can play a significant
role here as well. Recent unpub-
lished research by Tan and

10 Postgraduate Dentistry
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Table 7—Grades of Titanium from ASTM B348-94

These authors evaluated
the torque required to ro-
tate a fixture in bone.

Grade Number 1 3 4 5 23 Kydd measured a maxi-
. mum value of approxi-
Nitrogen (max) 0.03 0.03 0.05 0.05 0.05 0.05 mately 30 N-cm when a ti-
Carbon (max) 0.10 0.10 0.10 0.10 0.10 0.08 tanium fixture was im-
planted in a dog mandible.

Hydrogen (max) 0013 0013 0013 0013 0013 0.013 Carr found a torque value
Tron (max) 621 . as st Bkt e il pgsiifl  of 74 N-cm for commer-
cially pure titanium, and

Oxygen (max) 0.18 0.25 0.35 04 0.2 0.13 78.6 N-cm for a titanium
_ alloy when the fixtures
Residuals (max) 0.4 0.4 0.4 0.4 0.4 0.4 were implanted in a ba-
Aluminum 0.0 0.0 0.0 00 55675 55675  Pboon jaw. Johansson re-
corded a value of 24.9 N-

Vanadium 0.0 0.0 0.0 0.0 3.5-45 3545 cm for commercially pure
| ] L o titanium in a rat tibia.
Titanium Hhacsieret Remiaindes of Gonifiosiiionm s These values are nowhere

Table 8—Tensile Strength, Yield Strength, and

Elongation Values of Titanium Grades 1 Through 23

Grade Tensile Strength  Yield Strength Elongation

(MPa) (MPa) (%)

g 240 170 24

2 345 275 20

3 450 380 18

4 550 483 15

5 895 828 10
23 828 750 10

Nicholls has shown that torque
drivers may not be as accurate
as proposed.

An additional factor related to
this torque failure is the material
from which the components are
fabricated. In this respect, the co-
efficient of friction between the
contacting metal surfaces is sig-
nificant. For example, the en-
gagement of the antirotational

components, as well as the rota--

tional tolerance, are very close in
the Nobelpharma and Calcitek
systems (Tables 3 and 4). How-

ever, this study revealed a sig-
nificant difference between their
torsional failure values (Table 5)
with the failure in torque for the
Nobelpharma system approxi-
mately 30% higher than that for
the Calcitek system.

The torque values required to
fail the components in torsion
needs further clarification. One
must ask whether these failure
torque values would be attain-
able in vivo. The answer here can
be derived from the works of
Kydd,"” Carr,® and Johansson.”

as large as the failure
torques found in this
study (Table 5). Thus, it is highly
unlikely that torques of the mag-
nitude given in Table 5 would
be developed in vivo between
the abutment and the fixture be-
cause the fixture would rotate be-
fore this torque magnitude was
reached. It should also be men-
tioned that the rotational values
would vary depending on the
quality of bone and the size and
design of the implants used.
From an engineering stand-
point, the most important factor
involved with joints held to-
gether with threaded members is
the load induced in the shank of
these threaded members by the
tightening torque. The shank is
the portion of the bolt or screw
between the head and the
threaded contact. Ideally, all of
the torque applied to the abut-
ment screw head should be re-
sisted by the load in the shank
of the bolt. Practically, however,
this is not the case. Friction be-
tween the matching threads, and
also friction between the head of
the screw and the abutment, “re-
duce” the final shank load. Taken
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to

an extreme, if there were no

load in the shank of the bolt, no
friction would develop at the
abutment/ fixture contact area.
Thus, the load in the shank is
highly important.

Conclusions

Four commercially available

abutment/fixture systems were
evaluated for length of engage-
ment, rotational tolerance, and
torsional failure. The results in-
dicated the following:

1.

The antirotational engagement
lengths of each system were
significantly different from one
another. The Screw-Vent® sys-
tem had the longest engage-
ment (1.46 mm), followed by
Swede-Vent TL® (0.62 mm),
Nobelpharma (0.55 mm), and
Calcitek (0.54 mm).

. The rotational tolerance was

zero for the Screw-Vent® and
Swede-Vent TL® systems. The
values for Nobelpharma and
Calcitek systems were 3.08
and 3.04 degrees respectively.
These tolerance values were
not significantly different.

. The torsional failure values for

the four systems were all sig-
nificantly different from each
other. The highest resistance to
torsional force was exhibited
by the Swede-Vent TL® system
(187.3 N-cm), followed by
Screw-Vent® (165.8 N-cm),
Nobelpharma (128.8 N-cm),
and Calcitek (101.5 N-cm).
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