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Accuracy of a Manual Torque Application Device for
Morse-Taper Implants: A Technical Note

Murat C. Cehreli, DDS, PhD'/Kivang Akga, DDS, PhD/Ergin Ton(ik, PhD?

Purpose: The objective of this study was to compare torques applied by new and used manual torque
devices for Morse-taper implants. Material and Methods: Fifteen ITI manual torque devices were
tested. Those in group 1 (n = 5) were new (ie, never used), those in group 2 (n = 5) had been used 50
to 200 times, and those in group 3 (n = 5) had been used 500 to 1,000 times. The torques applied by
each device were measured for 35 Ncm and 15 Ncm targets in an experimental setup by a custom-
made wrench with strain gauges connected to a data acquisition system. The strain-gauge signals
were simultaneously delivered to a computer at a sample rate of 10,000 Hz and converted to torque
units. Results: New devices applied higher torques than used devices for the 35-Ncm torque target (P
< .05). The torques applied by group 3 devices were approximately 1.5 Ncm lower than those of other
groups for the 35-Ncm target and approximately 1 Ncm lower for the 15-Ncm target. Discussion and
Conclusion: ITI manual torque devices deliver consistent torque output, although a slight decrease

occurs as a consequence of clinical use. INT ] ORAL MAXILLOFAC IMPLANTS 2004;19:743-748
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etrospective clinical and experimental in vitro

tudies have identified a number of decisive fac-
tors influencing screw failure in implant systems.
Clinical outcome studies have reported a high fre-
quency of loosening or fracture of implant compo-
nents for 2-stage external-hex implants supporting
single and multiunit fixed prostheses,'* while the
incidence of mechanical complications encountered
with Morse-taper implants is relatively low.” Thus,
implant design appears to be one of the primary fac-
tors leading to failure of screw-joint mechanisms in
dental implants.%” Other cited reasons, all of which
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have critical effects on screw-joint stability, are
inconsistencies between torque-controlling devices,
torque application methods, and operators.®-1!

The main objective in screw tightening is to
build up adequate compressive clamping force to
keep 2 implant components assembled and thereby
achieve predictable stability across the screw
joint.!1213 At the onset of torque application, preload
is generated within the screw and friction increases
in the opposing threads at the joint interface, lead-
ing to elongation of the screw stem and commence-
ment of the clamping force. The magnitude of the
clamping force influences the mechanical behavior
of the screw joint. Undertorquing screws frequently
leads to separation of the joint under functional
loads, whereas overtorquing may cause fracture of
the screw or stripping of the screw threads. To
avoid screw-joint failure, it is essential that either
the clamping force is maximized or is at least
greater than the joint separating forces.”!* Overall,
screws must experience optimal preloads to main-
tain screw joint integrity.
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Fig1l The custom-made wrench with a strain gauge attached to
each side.

A variety of mechanical and electrical torque
application devices have been manufactured to
apply controlled torque to implant components.
The I'TI mechanical torque device (Straumann
Institut, Waldenburg, Switzerland) is a handheld
(manual) ratchet-type device with no release mecha-
nism. The wrench is inserted into a spring-activated
sleeve with a scale calibrated by the manufacturer,
and force is applied until the desired torque is
achieved. I'TT torque application devices have been
demonstrated to deliver consistent torque output
within 10% of their preset targets.!! However, no
reports of the consistency between new and used
I'TT handheld torque devices have been published.
Therefore, the purpose of this study was to gain
insight into the subject by comparing torque
applied by new and used torque application devices
for I'TT implants.

MATERIALS AND METHODS

A torque wrench was custom-made to measure the
torque applied by torque application devices created
for use with I'TT implants. This torque wrench con-
sisted of a handle and an aperture designed to hold
a unique I'TT screwdriver. A strain gauge (EA-XX-
062AK-120; Vishay Micromeasurements Group,
Raleigh, NC) was attached to each side of the han-
dle (Fig 1).

The strain gauges were wired into a half-bridge
configuration for measurements. A calibration
experiment was devised to obtain the calibration
constant of the wrench and to assess the quality and
repeatability of the torque measurements. For the
experiment, the head of the wrench was secured to a
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Fig 2 Microstrain versus elicited torques during calibration of
the custom-made torque device.

clamp, leaving the handle as a cantilever. Six differ-
ent weights, whose corresponding torque values
were known, were applied to the handle at a prede-
termined distance from the strain gauges. For each
weight, 5 strain gauge measurements were under-
taken in separate sessions using a data acquisition
system (ESAM Traveller 1; Vishay Micromeasure-
ments Group), and the data were collected using a
computerized system and corresponding software
(ESAM; ESA Messtechnik, Olching, Germany) at a
sample rate of 10,000 Hz. The strain gauge read-
ings versus the elicited torques are presented in Fig
2. After repeated loading, the highest standard devi-
ation (SD) in strains (0.84 microstrain [pe])
occurred for 67 Nem torque. The linear regression
to data points yielded the calibration constant as
0.126 Ncm/pe with R? = 0.99997.

Fifteen manual torque application devices (Strau-
mann Institut) were tested. They were divided into
3 equal groups:

e Group 1: New devices (ie, devices that had never
been used)

e Group 2: Devices used in clinical practice 50 to
200 times

e Group 3: Devices used in clinical practice 500 to
1,000 times

"To undertake the experiments, an apparatus to
hold the custom-made wrench and an I'TT torque
device was fabricated (Fig 3). This apparatus con-
sisted of a machined stainless steel bar designed to
attach both torque devices, which was then placed
vertically into 2 low-friction Teflon bearings
(DuPont, Wilmington, DE) integrated into a stain-
less steel frame. To place the torque devices in the
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apparatus, the upper part was unscrewed. A
machined probe was also fixed into the base of this
apparatus for the calibration experiments; it also
served as a stop for the wrench during torque appli-
cation with I'TT torque devices.

Each I'TT torque device was tested as follows: At
the outset, the test device and the custom-made
wrench were place in the apparatus. An operator who
had tightened more than 1,000 I'TT implant compo-
nents manually applied the target torques (35 Nem
and 15 Nem) 7 times per target. The strain gauge
data from the wrench were simultaneously digitalized
by the same data acquisition system and software
used in the calibration experiment at a sample rate of
10,000 Hz. The maximum strain value achieved for
each torque application was then detected by the
software. The microstrain reading was linearly pro-
portional to the torque applied by the I'TI torque
device, where the constant of proportionality was the
calibration constant (K = 0.126 Ncm/pe).

Statistical Analysis

Intergroup comparisons were undertaken by
Kruskal-Wallis tests followed by Mann-Whitney
tests at confidence levels set at 95%. Intragroup
comparison of group 1 data was performed by 1-
way analysis of variance (ANOVA) at the 95% con-
fidence level.

RESULTS

In each experiment, a sharp increase in torque was
followed by immediate tension relief and a return to
a torque of 0 Nem (ie, 0 pe). This pattern was
extremely consistent for all trials with all devices
(Fig 4).

The torque applied by each device is presented
in Table 1 along with the mean + SD torque for
each group. For the 35-Nem torque target, the
mean = SD for group 1 (34.94 = 0.32 Ncm) was
slightly higher than the mean for group 2 (34.32 =
0.24 Nem), and both were higher than the mean for
group 3 (33.57 £ 0.53 Ncm). The differences
between groups 1 and 2 and between groups 1 and
3 were significant (P < .05), whereas the difference
between groups 2 and 3 was insignificant (P > .05).
This trend of decrease in applied torque was also
exhibited for the 15-Nem target. The mean applied
torque of group 1 devices (16.41 = 0.17 Ncm) was
slightly higher than the mean for group 2 (16.28 =
0.35 Nem), and both were higher than the mean for
group 3 (15.16 £ 0.09 Ncm). The difference
between groups 1 and 2 was insignificant for the 15-
Nem target (P > .05), but the differences between
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Fig 3 The apparatus harboring the custom-made wrench and
(1) an ITI torque device (2). A machined stainless steel bar (3)
was used to attach both torque devices. It was placed vertically
into low-friction Teflon bearings (4).

groups 1 and 3 and groups 2 and 3 were significant
(P < .05). The intragroup comparison of new
torque devices revealed that there were no discern-
able differences between the devices in either the
35-Nem or 15-Nem target trials (P > .05).

DISCUSSION

At the 35-Nem target level, the applied torques of
both new and used devices were somewhat lower
than the target value, although the experiments
were performed by an experienced operator.®?
Interestingly, the mean applied torque of 1 brand-
new device was slightly higher than 35 Ncm. The
mean torques for group 3 devices were approxi-
mately 1.5 Nem lower than those obtained for
group 1 devices. This implies that the ability of the
devices to apply torque decreases slightly with age.
The clinical relevance of this finding with regard to
the longevity of screw joints is questionable because
of exceptionally high interface fidelity of the Morse-
taper joint.%” Nonetheless, the effects of aging on
torque application devices need further evaluation
to explore the effect, if any, on abutment loosening,
as the incidence of abutment screw loosening for
I'TT implants has been reported to be 3.6% to 5.3%
after 2 years.’

Slight overtorquing or retorquing of I'TI
implants at frequent intervals can help increase
retention.!3 It should be taken into account that
this application is effective only when the deforma-
tion of the material falls within elastic limits."?
Tightening to 50% to 60% of the ultimate tensile
strength of the screw may be another option, as this
level is below the yield strength of the materials.
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Figs 4a to 4c A sharp increase in torque can be
seen, followed by immediate tension relief and a
return to a torque of O Ncm (ie, O pe). (@) A new
device; (b) a device used 50 to 100 times; (c) a
device used 500 to 1,000 times.
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Slight overtorquing or retorquing also appears to
have some clinical importance when reduced bone
healing times are employed for I'TT implants with
sandblasted, large-grit, acid-etched surfaces.!>7
Torque levels in the 20- to 30-Ncm range at the
bone-implant interface are not assumed to pose a
threat to the maintenance of the interface.!* During
tightening of ITI abutments into ITI solid-screw
implants after a tissue healing period of 6 to 8
weeks, 35 Ncm torque is applied with the ratchet
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via the screwdriver, but countertorquing is not pro-
vided with an instrument such as the countertorque
device used for Brinemark System implants (Nobel
Biocare, Goteborg, Sweden). In these cases, coun-
tertorquing is apparently provided solely by the
stiffness of the bone-implant interface. Failure may
result if the implant cannot withstand the stress
generated by the 35-Ncm torquing without more
countertorque. Abutment connections for such clin-
ical applications should be performed with extensive
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care, and, preferably, with some modifications,!” as

the applied torque of new and used I'TT torque-lim-
iting devices are indeed very close to 35 Ncem. The
results of this study showed that the I'TT manual
torque device applies torque predictably and does
not lead to inadvertent overtorquing of abutment
SCrews.

"The applied torque of group 1 and 2 devices was
approximately 1 Nem higher than the target 15 Nem
value, but the group 3 devices delivered torques very
close to the target. This implies that there was a slight
decrease in applied torque after 500 to 1,000 torque
applications. The clinical relevance of this finding is a
matter of debate, as the incidence of occlusal screw
loosening is generally low for the I'TT implant system.
One factor leading to this clinical outcome may be
overtorquing occlusal screws with 16 Nem. The
design of the I'TI manual torque device does not pro-
vide “absolute” torque limiting, since a mechanical
stop has not been included in the design. Experience
with the device may be necessary for optimum torque
application. However, the device’s ability to apply a
torque slightly higher than 15 Nem may be necessary
for retightening loose screws.

In the present study, intragroup comparisons
were performed only for new devices. Because the
exact use number was unknown for other devices,
intragroup comparisons were not undertaken for
groups 2 and 3. The rationale for collecting devices
from clinical practices, instead of “aging” new
devices, was to incorporate the possible effects of
operator-dependent inconsistencies regarding the
use of these devices into the experiment. The SDs
of all devices for both torque targets were generally
lower than 0.5 Ncm, suggesting high consistency
within groups, and no operator-dependent effects
on the fatigue behavior of the torque devices were
observed. Accordingly, it seems that the deforma-
tion of I'TT torque-limiting devices is absolutely
within elastic limits. Fatigue in the part of the
device that connects that ratchet to the string may
be the factor that leads to the slight decrease in
torque output seen.

CONCLUSIONS

Under the conditions of this study the following
conclusions were drawn:

1. The torque delivered by new I'TI torque-limiting
devices fell slightly short of the 35-Nem target
but slightly exceeded the 15-Ncm target.

2. Torque output decreased about 1 to 1.5 Nem
after 500 to 1,000 applications.

CEHRELI ET AL

Table 1 Torque Output (Ncm) for 35-Necm and
15-Ncm Torque Targets
Device 35 Nem 15 Ncm
Group 1

1 34.89 16.41

2 35.04 16.40

3 34.41 16.67

4 34.82 16.35

5 34.87 16.58

Mean (SD) 34.94 (0.32) 16.41 (0.17)
Group 2

1 34.13 16.41

2 34.75 16.37

3 34.28 16.63

4 34.26 15.68

5 33.04 16.33
Mean (SD) 34.32 (0.24) 16.28 (0.35)
Group 3

1 33.04 15.00

2 33.47 15.11

8 34.47 15.22

4 33.54 15.29

5 33.35 15.15
Mean (SD) 33.57 (0.563) 15.16 (0.09)

3. I'TT torque-limiting devices can be user-friendly
and deliver remarkably consistent torque output.

4. The ITI torque-limiting devices did not exhibit
any signs of operator-dependent aging in this
experiment.
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