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ABSTRACT

This in vitro investigation compared the effect of using either
gold or titanium retaining screws on preload in the dental im-
plant- abutment complex. Inadequate preload can result in
screw loosening, whilst fracture may occur if preload is ex-
cessive. These are the most commonly reported complica-
tions in implant-retained prostheses, and result in unsched-
uled, costly and time-consuming visits for the patient and the
clinician. This study investigated changes in preload genera-
tion after repeated torque applications to gold and titanium
screws. The test set-up consisted of an implant body, a cylin-
drical transmucosal abutment, and the test samples of gold
and of titanium retaining screws. The implant bodies were
anchored using a load cell, and the transmucosal abutments
were attached using either gold or titanium retaining screws.
A torgue gauge was used to apply torque of 20Ncm, 32Ncm,
and 40Ncm to the retaining screws. The preloads generated
in each screw type were compared at each torque setting,
and after repeated tightening episodes. In addition, the effect
of applying torque beyond the manufacturers’ recommenda-
tions was also examined. Gold retaining screws were found
to achieve consistently higher preload values than titanium
retaining screws. Preload values were not significantly differ-
ent from the first to the tenth torque cycle. Titanium screws
showed more consistent preload values, albeit lower than
those of the gold screws. However due to possible galling
of the internal thread of the implant body by titanium screws,
gold screws remain the retaining screw of choice. Based on
the findings of this study, gold retaining screws generate bet-
ter preload than titanium. Torque beyond the manufacturers’
recommendations resulted in a more stable implant complex.
However, further investigations, with torque applications re-
peated until screw breakage, are needed to advise on ideal
maintenance protocols.
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INTRODUCTION

Osseointegrated implants have revolutionized the options
of clinicians in restorative dentistry. Physiological success is
dependent on the integration of the implant within the sur-
rounding osseous tissue, while prosthodontic success relies
on a good mechanical fit between the components within the
implant-abutment-prosthesis complex.’ In screw-retained res-
torations, the screw is responsible for clamping the transmu-
cosal abutment to the implant fixture, and predictable long-
term success relies on the integrity of that screw joint.

Literature review

The retaining screw connects the transmucosal abutment
to the implant body and confers the advantages of retriev-
ability, and of allowing for periodic implant and soft tissue
assessment, the debridement of calculus, and prosthetic
modifications or repairs.? The screws are designed to loos-
en or fracture before damage to the implant fixture or overly-
ing prosthesis occurs.® This fail-safe characteristic is due to
their reduced size, metallurgical composition, and the bio-
mechanical parameters of the screw joint assembly.*®

Application of torque to the retaining screw causes elongation
and the subsequent elastic recovery results in the genera-
tion of a compressive clamping force.® The tension thus cre-
ated in the retaining screw during tightening is defined as the
preload.” Maintenance of an optimum preload in the screw
joint is of critical importance to ensure the long term function-
ing of the implant- abutment- complex and to minimize fatigue
in the screws.® Inadequate preload results in increased wear
and accelerates fatigue of the screw. Metal fatigue is the most
common cause of structural failure and occurs after repeated
loading even though such loading occurs at stress levels be-
low the maximum tensile strength of a material.’

Preload is affected by many factors, including torque applied to
the screw, type of screw alloy, screw head design, abutment
alloy, abutment surface and the presence of lubricants.’® The
greater the torque applied the greater the preload generated.
Size and surface area of the contacting threads, pitch, screw
radius and diameter of the head play major réles in the rela-
tionship between applied torque and preload.” Surface area
contact is also dependent on length of the screw, which de-
termines the number of thread surfaces engaging. Frictional
forces acting on these interfaces affect the relation between
preload and applied torque. The amount of friction depends on
the geometry and material properties of the interfaces, with ad-
ditional energy being needed to overcome these forces.©
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Screw loosening following functional loading has been cited
as the most common mechanical complication for implant
supported prostheses, and may be an early indicator of
design inadequacies."”? The resulting micro-movement at
the implant interface may lead to mechanical irritation of
the surrounding soft tissues, gingival tenderness, bacterial
colonization, inflammation, hyperplasia and later fistula for-
mation with peri-implantitis.”® Fracture of the overlying pros-
theses and implant body fracture have also been reported.!
These complications result in costly and time-consuming
unscheduled visits.® Screw loosening occurs when the axial
and bending moments acting on the screw (joint separating
forces), generated by the cyclic forces of mastication, are
greater than the clamping force. These displacing forces
are amplified by excursive contacts, off-axis centric con-
tacts, interproximal contacts, long cantilevers, lack of a pas-
sively engaging prostheses, and parafunctional habits.>13®
From an engineering perspective, screw loosening and/
or fracture may be attributed to inaccurate or inadequate
machining tolerances, inappropriate component materials,
metal fatigue, micro-movement during function, and the set-
tling of screws. This settling effect or embedment relaxation
occurs when the surface asperities produced during mill-
ing and tapping of the retaining screws are burnished with
the initial application of torque.”®' It has been reported that
2% to 10% of preload is lost within ten minutes of the initial
torque application.®™ To mitigate the problem of screw loos-
ening, screw designs have been modified for improved per-
formance, although the optimum design has not yet been
fully established. Current designs generally consist of a flat
head seat (for less frictional resistance and higher preload),
long stem length (for optimal elongation and preload) and
six threads to reduce friction because the first three threads
carry most of the load,'® with the maximal stress being con-
centrated between the shank and first thread.®

The incidence of reported screw loosening is variable but is
high, with a recorded 65% of screws in single tooth implants
becoming loose within the first three years.? Screw loosen-
ing within the first year is the most common problem for 42%
of maxillary and 27% of mandibular prostheses.!® 2023

The most commonly utilised retaining screws are construct-
ed of either gold or titanium. Gold screws were designed to
Pe the most “flexible” portion of the implant assembly due
to their higher modulus of elasticity, which permits a degree
of micro-movement, and distribution of forces.” This design
attribute also makes them the “weakest link” in the implant-
abutment complex. In cases of occlusal overload the gold
screw will fracture first, thus protecting the implant and un-
derlying bone from excessive stresses.® Gold screws can
in fact attain a preload almost twice that of titanium alloy
screws,'” but are weaker and will fracture due to metal fa-
tigue sooner than titanium.” The latter are stronger but their
main disadvantage is the large frictional resistance between
mating male and female threads, which has a tendency to
cause galling.’®” Galling is defined as the condition where
excessive friction between two mating surfaces results in
localized welding and roughening of the mating surfaces.
It occurs when the titanium surfaces of the retaining screw
and implant body slide in contact with each other. There is
generation of increased friction that leads to transfer of tita-
nium molecules from the mating surfaces, causing damage
to both.8'® Conversely, gold retaining screws have a smaller
coefficient of friction, and can be tightened more effectively
than titanium without risking galling between threads.

RESEARCH <317

Screw tightening aims to generate an optimum preload that
will maximise the fatigue life of the retaining screw, but at the
same time offer protection against loosening.® An optimal
preload is important to maximize the frictional forces between
mating threads and to ensure the stability of the implant com-
plex. There is a difference between optimum torque, which
is that torque which achieves an optimum preload, and the
design torque specified by the manufacturer as being that
needed to achieve optimum preload. Design torque is based
on the nominal properties of the retaining screw and is cal-
culated at 75% of ultimate torque-to-failure values.?* Manu-
facturer recommended values usually do not approach full
design torque, as they have established a safety margin to
optimise preload whilst decreasing the risk of screw fracture.
Metallurgical properties of titanium screws allow for the gen-
eration of a more consistent, albeit lower, preload than with
gold retaining screws. Recommended torque values of below
57.5% of the yield strength for gold alloy screws and 56% for
titanium screws have been advocated.”” In a separate study,
a preload of 75% of yield strength was not established us-
ing recommended tightening torque values.®® Despite these
findings, torque cannot be applied arbitrarily without due con-
sideration being given to the elastic limit of the screw and the
biomechanics of the bone implant interface.’®" If too much
torque is applied to the implant complex, loss of integration at
the implant-bone interface can occur.?® The retaining screw
can also fail if torque is applied beyond its yield strength?” and
threads can be stripped.?

The manner in which torque is delivered to the system is also
important to ensure consistency. Variations have been found
between hand screwdrivers, torque wrenches and electronic
torque drivers, the latter being the most consistent when reg-
ularly calibrated.® There are currently no suggestions for the
torque that can safely be applied to the retaining screw beyond
the manufacturers’ recommendations. It is difficult to predict
the fatigue life of retaining screws because of the differing ma-
terial fatigue rates, and variable intra-oral loads. The estimated
fatigue life of an implant screw has been reported to be about
20 years.® Other authors agreed and stated that gold retaining
screws can be removed and tightened up to 20 times with
no effect on their tensile strength®®, and suggested re-torquing
within the first 3-12 months to compensate for embedment
relaxation. Opinions differ as to how often screws should be
retightened thereafter. However, to avoid fracture the critical
number of torque cycles must not be exceeded.®*® Screw
thread deterioration after 4 to 10 years has been noted, hence
the recommendation that retaining screws be replaced every
10 years.'® Other workers suggest replacement of gold screws
during the lifetime of the restoration with no further detail given.”
There seems to be little consensus in the literature regarding
maintenance protocols for abutment screws.

Abutment screws have either slotted, square, star or hex-
agonal driver engagement. A guiding effect can be achieved
with the geometric designed engagements, resulting in more
effective force transfer and greater stability, while it may be
more difficult to apply manual force when tightening the
slotted screws as clinicians are “anxious” to avoid slippage
of the driver from the slot.™® The slotted, flat head retaining
screw was investigated in this study because this design is
commonly used in practice

AIM

The aim of this study was to evaluate the preload generated
in gold and in titanium retaining screws and the effect of
repeated torque on this preload.
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MATERIALS AND METHOD

This was an in vitro laboratory study. An unused stack of
components of the same batch (lot number 07A07/1) from
one manufacturer (Southern Implants, Irene, South Africa)
was used in this experiment to reduce the variations that
occur between different lots and manufacturers. The test
set-up consisted of:

* animplant body,

® acylindrical transmucosal abutment,

* the test retaining screws.

Two  self-tapping
external  hexagon
implant bodies

of 5mm diameter
and 13mm length
were used (South-
em Implants,
BA13 lot number
06051801/2). Each
external  hexagon
was 2mm in height.
The external hexa-
gon has been
shown to increase
resistance to screw
loosening,?® while
the 2mm height
is considered the
most effective in
dispersing lateral
and bending forc-
es through to the
hexagon corners,
thereby securing
the preload in the
retaining screw.?’
Two titanium cylin-
dricaltransmucos-
al abutments (TC-
BASNh, lotnumber
060561801/2,
Southernimplants)
designed for use
with  single  im-
plant restorations,
were attached to
the implant body
with the retaining
screws (Figure 1).

Figure 1: The test set-up

Figure 2: Loadtech load cell (model LT-400, South
Africa)

The test sam-

Figure 3: Mechanical torque gauge with selected
ple consisted of drivertip.

twenty  slotted

retaining screws. Ten were titanium (TSS2, alloy composi-
tion 90% Ti, 6% Al, 4% Vn) and ten were gold (GSS2, alloy
composition 61% Au, 16.5% Ag, 13.5% Pt, 9% Cu). Each
group of screws was tested using a new implant body and
cylindrical transmucosal abutment.

A load cell (Loadtech, model number LT-400, South Africa),
comprising of a central adjustable clamp for fixation of the
implant body and a horizontal plate housing the cylindrical
transmucosal abutment and retaining screw was used to
measure preload in the screw (Figure 2). Preload was meas-
ured digitally in kilograms.

Torque was delivered to the system using an implant driver
(-WI-BL, Southern Implants), which was slotted into a torque
gauge (Tohnichi, Japan, model BTG 150 CN, serial number
501935T) (Figure 3). The torque gauge and load cell were cal-
ibrated using known loads to give accurate and reproducible
recordings prior to testing. All tests were performed in an air-
conditioned environment set at 25° C. Tests were performed
by a single operator to ensure consistency in recording of
data. Retaining screws were carefully handled throughout
testing using plastic tweezers to ensure that no operator-
induced damage to the thread occurred. Screw torque was
delivered in a steady manner by stabilizing and holding the
head of the driver vertically with one hand, while the other
hand applied the torque force to the torque gauge.

The procedure was as follows:

An initial torque of 20Ncm was applied to the retaining
screw, that being the recommended tightening torque for
TSS2. After a two minute waiting period to allow for embed-
ment relaxation, 20 Ncm torque was re-applied to the screw
and a reading was captured. After 30 seconds torque was
increased to 32Ncm (as per manufacturers’ recommenda-
tion for GSS2) and data was captured. After a further 30
seconds torque was applied up to 40Ncm and data cap-
tured. The purpose of the time intervals between applica-
tions of torque was to permit some settling, so that at the
next torque application there would be better contact be-
tween mating surfaces allowing for a greater preload value.
The three torque levels correspond to 62.5%, 100% and
125% of manufacturer's recommendations respectively. This
process was repeated ten times per screw at each of the
selected torque values, with the screw being removed and
replaced at each cycle.

Statistical analysis

Preload values for each group of screws were obtained at
each of the specified torque values (20Ncm, 32Ncm and
40 Ncm). For preload values during the first cycle, the mean
and the standard deviation for each metal-torque combina-
tion as well the marginal values (i.e. the metals value divided
by the torque measurements) were calculated (Table 1).
The preload data was subjected to an analysis of variance
(ANOVA) for repeated measures in the first cycle analysing
preload on the (natural) logarithmic scale. ANOVA showed
that the performance of the metals differed significantly (p <
0.0001). Geometric means were calculated as the antilog of
the mean of the log values and hence the geometric mean
of gold is significantly higher than that of titanium, 43.7Ncm
as opposed to 29.3Ncm, as illustrated in Table 2.

To determine whether there was an inherent difference in
the qualities of the different screw types, a final analysis
comparing the two screw types with respect to the changes
in preload from 20Ncm torgue in the first cycle to 40Ncm
torque in the tenth cycle was done using an analysis of co-
variance (ANCOVA) with the value at 20Ncm torque in the
first cycle used as baseline covariate. The two metals did
not differ significantly with respect to the mean change in
preload, adjusted for baseline, (p=0.5159: 18.7 for GSS2
and 16.9 for TSS2).

RESULTS

For titanium, the mean value of the preloads measured at
each sequence of ten torque cycles were 20.270Ncm,
31.520Ncm and 39.5680Ncm at 20Ncm, 32Nem and 40Ncm
respectively, while for gold the values were 31.240Ncm,
47.250Ncm and 58.250Ncm (Figure 4). The mean preload
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Table 1: Nu
(SD) of obs

of observations (N), means and standard deviation
reload, and torque by metal

10 10 20 N)
20Ncm 31.240 20.270 25755  (MEAN)
4.620 1.070 6.506  (SD)
10 10 20 N)
32Nem 47.250 31.520 39.385  (MEAN)
7.710 2,078 0.763  (SD)
10 10 20 N)
40Ncm 58.250 39.580 48915  (MEAN)
9.458 1.487 11625  (SD)
30 30 60 N)
Total 45.580 30.457 38018  (MEAN)
13.419 8.201 13.406  (SD)

Table 2: Geometric means of preload torque by metal

20 30.959 20.244
32 46.726 31.457
40 57.637 39.554
TOTAL 43.686 29.313

value for all the torque cycles was 30.457Ncm for titanium
and 45.580Ncm for gold. An ANOVA of the repeated meas-
ures in the first cycle (i.e. for each screw preload measured
following torque measured at, respectively, 20Ncm, 32Ncm
and 40Ncm) revealed that there was no significant differ-
ence between the metals (p < 0.0001).

A further analysis was done to compare titanium to gold
with respect to the change in preload from 20Ncm in the
first cycle to 40Ncm in the tenth cycle, using an ANCOVA.
This revealed that the metals were not significantly different
(p> 0.5159), showing mean preloads of 16.9226Ncm for ti-
tanium and 18.6874Ncm for gold.

DISCUSSION

Screw loosening is a recognised problem in dental implant
therapy. Retaining screws have been extensively studied
and are constantly being improved upon. They are limited
by size, material properties and maximum torque tolerance.
The gold screw was originally designed to withstand only
10Ncm of torque (corresponding to that force which can be
generated by hand tightening), and were intended to be the
‘weakest link” that would fracture first before damage to the
prosthesis or implant body could occur.?’ Screw loosening

70
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40 /
30

20

—@-GSS2
= TSS2

Preload (kg)

0 10 20 30 40 50
Torque (Ncm)

Figure 4: Graph showing mean preloads achieved for titanium (TSS2) and gold
(GSS2) at torques of 20Ncm, 32Nem and 40Ncm
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results from cyclic forces of mastication causing repeated
deformation of the screw. This is compounded by a loss
of preload due to embedment relaxation (the settling effect)
where energy is expended in the burnishing of surface as-
perities of mating surfaces caused during manufacturing.”
Up to 10% of the initial preload may be lost within the first two
minutes.® This loosening is initiated when the mating threads
slip, termed the critical bending moment and subsequently
the loss of preload reaches a threshold point where any vi-
bration will allow the screw to back out."

Many strategies have been suggested in the attempt to min-
imise screw loosening, most of which are focused on preci-
sion implant placement and appropriate prosthesis design.
Implants should ideally be parallel to the applied occlusal
forces with the prosthesis designed to direct those forces
through the long axis of the implant.? Further screw loosen-
ing can be limited by minimising cantilever length, eliminat-
ing posterior working and balancing contacts, centralising
centric contacts, sharing anterior guidance with the natu-
ral dentition, engaging anti-rotational features and ensuring
passively fitting frameworks.*

The results of this study indicated that material composition
of the retaining screw significantly influenced the preload
with the gold screws generating consistently higher preload
values. This is in accord with previous studies, but preload
figures in this study were slightly below the 2:1 ratio of gold
to titanium shown by Tan et al (2004)."° This may be due to
manufacturing differences.”® The gold screws had a higher
modulus of elasticity and are “softer” than titanium, and thus
generated higher preload values. This was partially attrib-
uted to more intimate mating of female and male threads.
However, this “softness” results in long-term deformation of
the threads and subsequent loss of preload after the first
torque cycle, although it did remain reasonably constant
thereafter. In contrast the smaller preloads generated by
fitanium screws remained unchanged during successive
tightening episodes. However gold screws are still preferred
because of the potential galling of the titanium screws. As
the titanium slides in contact with titanium, the coefficient of
friction is initially fairly low, but with repeated tightening and
loosening, the values gradually increase, causing damage
to the internal thread of the implant body.

Published preload values in retaining screws vary consider-
ably among studies, which may be due to differences in the
manufacturing processes, lot numbers, and experimental
procedures followed. Some studies calculated preload from
opening torque values,*® compression in the implant com-
plex,®" or from rotational angles.® This may account for the
slightly lower preloads recorded here. The optimum preload
recommended for the retaining screw is that which produces
a stress level between 60% and 75% of the yield strength
of the material.** Preload that is equal to the ultimate tensile
strength of the material results in tightening-induced stress
and finally fracture of the retaining screw. Stress at or slightly
above yield causes the retaining screw to function in the plas-
tic deformation zone with resulting sub-optimal function and
loss of preload. However, a preload within the elastic range of
the material is the most appropriate in terms of resisting joint
separating forces generated during occlusal loading. Further-
more, optimum preload maximises the fatigue life of the screw
as the load is transferred from the abutment to the implant
surface with minimal effect on the screw.®
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In this study, torque beyond the manufacturers recommen-
dations, corresponding to 125% of the stipulated torque, re-
sulted in consistently higher preload values. However, one is
still unsure as to whether this is within the elastic limit of the
screw. In addition, the biomechanics of the clinical situation
must be carefully evaluated before exceeding the manufac-
turers guidelines as debonding between the implant and
bone interface can occur with forces as little as 30Ncm.?®

There is a relationship between preload, screw design, and
material property. Friction influences preload generation, es-
pecially when new components are used, as in this inves-
figation where the results suggest that wear from repeated
closing/opening cycles may decrease the coefficient of fric-
fion between the screw head, threads, and other mating
components. Consequently, resistance to opening gradually
decreases as the resultant preload values fall. The coefficient
of friction is affected by the manufacturing process, the met-
allurgical properties of the components, design and quality
of the surface finish. As the study was done under dry con-
ditions, the results may differ in the clinical situation where
oral fluids could act as a lubricant to decrease the coefficient
of friction and allow for greater tightening. It then follows that
the preload values in this study would be lower than those
expected clinically.*® This will also be affected by how many
times the prosthesis is inserted and removed clinically.

This study showed that higher preload values could be
achieved using gold retaining screws with a higher torque.
This may avoid the screw loosening, adverse soft tissue reac-
tions, and loss of implant function associated with insufficient
or reduction of preload. Limitations of this study are that the
experimental screws were all from one manufacturer and the
results may not be transferable to designs or items produced
by other manufacturers. The number of torque cycles in this
study was limited to ten and may have been insufficient to
cause screw joint deterioration. Additionally, the study was
conducted under dry and static conditions. Furthermore, the
same implant body was used for each of the test groups.
Particulate matter from the screw threads could have coated
the implant internal threads, especially from the gold retaining
screws, further reducing preload values. Considering the host
of challenges in the oral environment, it is clear that this study
understates the loss of preload that would occur clinically.

CONCLUSIONS AND RECOMMENDATIONS

Gold screws generate higher preload values than titanium.
Torque of 40Ncm to the retaining screw results in consistently
higher preload values, thus, depending on the clinical situation,
torque beyond the manufacturers' recommendation (by 25%)
can be safely applied to ensure a more stable screw joint.
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