Effect of Repeated Screw Joint Closing and Opening
Cycles and Cyclic Loading on Abutment Screw
Removal Torque and Screw Thread Morphology
Using a Scanning Electron Microscope
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Purpose: To evaluate the effect of repeated screw joint closing and opening cycles and cyclic loading on
abutment screw removal torque and screw thread morphology using a scanning electron microscope (SEM).
Materials and Methods: Three groups (n = 10 in each group) of implant-abutment screw assemblies were
created. There were also 10 extra abutment screws as new screws in group 3. The abutment screws were
tightened to 12 Ncm with an electronic torque meter; then, they were removed, and removal torque values were
recorded. This sequence was repeated five times for group 1 and 15 times for groups 2 and 3. Then, the same
screws in groups 1 and 2 and the new screws in group 3 were tightened to 12 Ncm; this was also followed
by screw tightening to 30 Ncm and retightening to 30 Nem 15 minutes later. Removal torque measurements
were performed after being subjected to cyclic loading (0.5 x 108 cycles; 1 Hz; 75 N). Moreover, the surface
topography of one screw from each group before and after cyclic loading was evaluated with SEM and compared
with an unused screw. Results: All groups exhibited reduced removal torque values in comparison to insertion
torque in each cycle. However, there was a steady trend of torque loss in each group. A comparison of the last
cycle of the groups before loading showed significantly greater torque loss value in the 15th cycle of groups 2
and 3 compared with the fifth cycle of group 1 (P < .05). Nonetheless, torque loss values after loading were
not shown to be significantly different from each other. Conclusion: Using a new screw could not significantly
increase the value of removal torque. It was concluded that restricting the amount of screw tightening is more
important than replacing the screw with a new one when an abutment is definitively placed. [AU: Correct?] INT
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Acceptable screw retention of the abutment to the
implant is required for the overall success of an
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implant-supported prosthesis. Regardless of the im-
plant system or type of restoration, retention is de-
pendent on screw preload, which is the tensile force
generated in the shank and threads of the screw when
a torquing force is applied.! The abutment screw can
be considered as a spring; it elongates when insertion
torque is applied. As it tends to return to its original
length, a clamping force is created, which unites the
abutment to the implant.>* Indeed, preload creates a
strong compressive clamping force, which keeps the
mating components firmly connected.?® The preload
and clamping force are quantitatively equal but in op-
posite directions.

Screw loosening or screw fracture is considered
one of the most common complications for implant-
supported prostheses®8; thus, retorquing is required
in the first year.>'? Screw joint instability could result
in unfavorable consequences such as failure of other
components, overloading of adjacent implants, bio-
logic complications resulting from a microgap,” -
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patient and practitioner inconvenience, and extra
financial burden when it happens frequently.'® This
emphasizes the importance of developing a clinically
effective clamping force through screw preload as a
main factor for implant-supported prosthesis success.

The amount of preload generated at the threads of
a screw depends on many factors, such as tightening
torque, mating component material,'2 mating surface
microroughness, the presence and type of lubricant,
settling of the screw after initial torque,? and the screw
head design' regardless of veneering material'” and
abutment type.’'” [AU: Correct?]

The engineering literature declares that the rela-
tionship between torque and preload is not linear,
but involves another factor: friction. Each time a tight-
ening torque is applied, a portion of energy is used
against the frictional resistance by flattening surface
irregularities so the preload is reduced. In other words,
screw preload is always less than the torque applied
during screw insertion, which can be described with
the following formula':

_ F¢(tanB + uy/cosa,
) (1 - U tanP/cosa,, B+ ”‘”DW)
*tanf = P/(md,)

where
T; = applied torque
F; = fastener preload or tension
B = lead angle of the thread
u, = coefficient of the friction in threads
d, = effective diameter of the thread
o, = flank angle at normal section to the thread
u,, = coefficient of friction under the head
D, = effective diameter of the head contact
P = thread pitch

The equation above is usually interpreted by the
simple short form equation using torque coefficient
or nut factor, K.'® The nut factor summarizes all of the
known variables that influence the torque-tension
relationship:

T=KF:d

T; = applied torque

K = nut factor

F; = fastener preload or tension
d = diameter of the thread

Therefore, any factor that decreases the friction,
such as repeated removal and retorquing, as well as
the use of lubricants leads to increased preload.3'81°
However, some investigators believe that closing and
opening the screw repeatedly could decrease the
amount of preload.
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The following formula shows the relation between
preload and removal torque’8:

)= F_f<—tan[3 + g/cosa,,

2 \1 + y, tanB/cosa, d2+”WDW>

According to the formula, in an implant-abutment
assembly, the resistance to opening torque is in direct
proportion to the tension in the screw and the friction-
al resistance of the mating components. Thus, preload
maintenance mainly depends on component friction.'3

Although repeated screw joint closing and open-
ing cycles and the resulting flattened irregularities
increase the preload by saving more energy,'® they
can decrease frictional resistance to screw joint open-
ing when functional forces exceed preload.’? With de-
creased friction, preload may not be easily maintained.

In implant-level impression making, as the abutment
screw is serially closed and opened before definitive
restoration insertion, there is always a concern of screw
loosening. Moreover, this concern is accentuated by
possible clinical and laboratory errors that increase the
closing/opening cycles. However, there is not clear infor-
mation to prove whether or not a new screw can better
maintain the preload. In some studies,'"'3 the number
of torque cycles and amount of torque do not simulate
the condition that actually occurs. [AU: Correct?] For in-
stance, the screws are tightened many times, each time
with the torque recommended for the definitive pros-
thesis insertion appointment,'3 while except for the final
torque, the screws should only be finger tightened. [AU:
Correct?] In the present study, the authors have tried to
better simulate the real procedure.

In the literature, the effect of consecutive closing and
opening of the screws on the resistance to loosening is
still controversial. Haack et al® reported that successive
loosening and retightening would lead to progressive
increase in preload. Tzenakis et al'® also declared that
using a gold prosthetic screw from the try-in appoint-
ment might result in obtaining optimal preload during
final torquing at the insertion appointment. Byrne et
al' found a reduction in preload after repeated clos-
ing and opening cycles. Weiss et al'® and Kim et al?°
recommended avoiding repeated closing/opening un-
necessarily. Some investigators?'?? have evaluated the
influence of using a new screw after multiple screw in-
sertion cycles. Cardoso et al*' stated that replacing the
screw with a new one after 10 cycles could not increase
resistance to loosening. In contrast, Guzaitis et al*? noted
that after 10 screw insertion cycles, a new screw should
be used to maximize screw removal torque.

The purpose of this in vitro study was to evaluate the
effect of repeated abutment screw joint closing and
opening cycles and cyclic loading on removal torque
value (RTV) and screw thread morphology using a
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Table 1 Materials Used

Size

Implant platform diameter: 4.0 mm Implant body diameter: 3.8 mm Implant bevel

Diameter: 4.5 mm G/H: 3.5 mm [AU: What does G/H stand for?] Conical hex connection

Component Quantity
Superline implant 30
height: 0.2 mm Length: 12 mm
Dual abutment 30
Abutment screw 40

Fig 1
screw used in this study.

Implant, abutment, and abutment

scanning electron microscope (SEM), and also to de-
termine the impact of using a new screw. The null hy-
potheses were that RTV and screw thread morphology
would not be significantly affected by multiple screw
joint closing and opening cycles and cyclic loadings
and that there is no need to use a new screw.

MATERIALS AND METHODS

Thirty implants (Superline, Dentium) measuring 4 mm
in platform diameter and 12 mm in length; 30 straight
abutments (Dual abutment, Dentium) measuring 4.5
mm in diameter, 5.5 mm in length, and 3.5 mm in gingi-
val height; and 40 titanium abutment screws were used
(Fig 1 and Table 1). Before any insertion/removal (I/R)
cycles, one screw was qualitatively assessed with SEM.
Then, the samples were randomly divided into three
groups. Each group included 10 implants, 10 straight
abutments, and 10 primary abutment screws (n = 10).
The last group included 10 extra abutment screws as
new screws. To simulate the oral cavity environment, be-
foreinserting the screw into the implant, 1 mL of normal
saline was applied to the internal threads of the implant
using an insulin syringe. Each implant was mountedin a
mounting jig (Fig 2); then, the corresponding abutment
was secured to it by each primary abutment screw and
torqued to 12 Ncm using an electronic torque meter

Fig 2 Mounting jig
implant.

that tightly holds Fig 3 Torque application with electronic
torque meter.

(Lutron Electronic Enterprise) (Fig 3). To achieve valid
and reliable measurements, the electronic torque meter
was first calibrated. Tightening to 12 Ncm is assumed
to be almost equal to manually closing the screw. Del-
linges and Tebrock?® showed that the mean torque
value obtained with handheld drivers was 11.55 Ncm.
Five minutes later, the RTV was measured using the
same electronic torque meter and recorded. In group 1,
the mentioned procedure was done five times. In this
group, opening/closing cycles simulated the steps of
the prosthetic procedure until the definitive prosthesis
insertion appointment. In groups 2 and 3, samples were
subjected to 10 extra 12-Ncm torque cycles to simulate
conditions in which the process is repeated because of
the possible clinical and laboratory errors. At this step,
one screw was randomly selected from each group to
be assessed under SEM. Afterward, the same screws in
group 1 were tightened to 12 Ncm for the sixth time
and in group 2 for the 16th time. In group 3, the pri-
mary screws were replaced with the new ones to be
tightened to 12 Ncm. They were all torqued and 15 min-
utes later retorqued to 30 Ncm as recommended by the
manufacturer for the definitive prosthesis insertion ap-
pointment. Embedment relaxation occurs due to micro-
roughness existing on the mating surfaces; when the
initial tightening torque is applied to the screw, only the
prominent spots will be in contact, so with embedment
relaxation that flattens the prominent spots under load,
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Table 2 Test Groups and Conditions

Group 1 Group 2 Group 3

Step PS PS PS NS
1 X X X

2 X X X

3 x x X

4 X X X

5 X X X

6 X X

7 X
8 X X X
9 x x x

No. of torque cycles/

amount of torque Equivalent step

1/12 Ncm Metal framework fabrication
1/12 Ncm Metal framework try-in
1/12 Ncm Porcelain build-up

1/12 Ncm Occlusal adjustment

1/12 Ncm Porcelain glazing

10/12 Ncm 10 extra possible errors

Using a new abutment screw
1/12 Ncm + 2/30 Ncm Definitive prosthesis insertion

6 mo use (cyclic loading)

PS = primary screw; NS = new screw.

2% to 10% of the initial preload is lost.?* [AU: Correct?]
To limit this process, retightening after 10 to 15 minutes
is recommended.?> The number of torque cycles and
amount of torque for each group are described in Table
2. To better simulate masticatory loads, designing of a
crown for the abutment was needed, so crowns from
base metal alloy at an angle of 45 degrees (Wirobond
C, Bego) were fabricated (Fig 4). [AU: Correct?] Crowns
were formed similarly and had a horizontal process for
easy removal after the cyclic load process.? There was
no need to temporarily cement the crowns because
they were stable enough.

Then, all the specimens were subjected to cyclic
loading of 75 N for 500,000 cycles at 1 Hz frequency,
which simulates the mastication load at 6 months?’
(Fig 5). Finally, the RTVs were recorded with the elec-
tronic torque meter. Also, the same selected screws
were again assessed under SEM.

Cyclic Loading

To apply the load along the long axis of the abutment
and implant, the specimens were vertically placed in
the molds using a surveyor. At this stage, the autopoly-
merizing acrylic resin (Repair & Pour Resin, Medident-
co) was poured into the molds up to T mm below the
connection. After final setting, the acrylic resin blocks

4 doi: 10.11607/jomi.5476

Fig 4 (Left) Metal crown with 45-degree
inclination in occlusal surface and a hori-
zontal process.

Fig 5 (Right) Cyclic loading machine.

were mounted inside the cyclic loading device (Chew-
ing simulator, S-D mechatronic). Finally, the specimens
were subjected to cyclic loading of 75 N for 500,000
cycles at 1 Hz.

Scanning Electron Microscope

One screw from each group was randomly selected.
Before taking photomicrographs, they were cleansed
with an ultrasonic cleaner for 5 minutes.?’ The screws
were affixed to mounting plates with a carbon tape.
The images of the threaded part were taken at mag-
nifications of 40, '200, and '500. Then, the screw
crest, root, and slope of the thread were assessed in
more detail at "1,000 magnification. To evaluate the
changes of the screw head, photomicrographs were
taken at ‘50 and at 500 magnification. The surface
morphology and the quality of surface characteristics
of the screw threads according to roughness and po-
rosity were evaluated.

Statistical Analysis

The percentage values of torque loss in relation to the in-

sertion torque were calculated using this formula: (inser-

tion torque - removal torque) X 100/insertion torque.
Data were analyzed with repeated measures

analysis of variance (ANOVA), one-way ANOVA, and
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Table 3 Descriptive Measurements of Torque Loss in Group 1

Minimum Maximum Mean SD
Cycle Ncm % Ncm % Ncm % Ncm %
1 4 33.33 9 75 6.9 57.5 1.66 13.83
2 1 8.33 9 75 5.2 43.33 2.57 21.41
3 -2 -16.66 8 66.66 5.5 45.83 3.24 27
4 4 33.33 9 75 71 59.16 1.91 15.91
5 2 16.66 9 75 6.4 53.33 2.06 17.16
Minimum Maximum Mean SD
Cycle Ncm % Ncm % Ncm % Ncm %
1 4 33.33 10 83.33 7.4 61.66 1.64 13.66
2 3 25 10 83.33 7.5 62.5 2.17 18.08
3 3 25 11 91.66 8.7 72.5 2.35 19.58
4 4 33.33 11 91.66 8.9 74.16 1.91 15.91
5 0 0 11 91.66 7.2 60 3.58 29.83
6 -1 -8.33 11 91.66 7.6 63.33 3.74 31.16
7 1 8.33 10 83.33 7.7 64.16 2.75 22.91
8 5 41.66 11 91.66 9.3 77.5 2.21 18.41
9 3 25 11 91.66 8 66.66 2.21 18.41
10 8 66.66 11 91.66 9.1 75.83 0.87 7.25
11 5 41.66 10 83.33 7.9 65.83 1.79 14.91
12 2 16.66 11 91.66 7.4 61.66 2.87 23.91
13 7 58.33 11 91.66 8.9 74.16 1.59 13.25
14 8 66.66 11 91.66 9.8 81.66 1.03 8.58
15 8 66.66 11 91.66 9.1 75.83 0.99 8.25
Minimum Maximum Mean SD
Cycle Ncm % Ncm % Ncm % Ncm %
1 2 16.66 11 91.66 8.3 69.16 2.75 22.91
2 4 33.33 11 91.66 8.7 72.5 211 17.58
3 3 25 11 91.66 8 66.66 2.90 24.16
4 7 58.33 11 91.66 9.4 78.33 1.26 10.5
5 1 8.33 10 83.33 77 64.16 3.65 30.41
6 4 33.33 11 91.66 7.8 65 2.52 21
7 7 58.33 11 91.66 9 75 1.41 11.75
8 3 25 11 91.66 7.5 62.5 2.50 20.83
9 3 25 10 83.33 74 59.16 2.55 21.25
10 4 33.33 10 83.33 7.5 62.5 2.22 18.5
11 5 41.66 11 91.66 8 66.66 1.63 13.58
12 3 25 11 91.66 7.6 63.33 2.67 22.25
13 3 25 11 91.66 71 59.16 2.88 24
14 4 33.33 11 91.66 7.8 65 2.82 23.5
15 6 50 11 91.66 8.6 71.66 1.77 14.75

Tukey honest significant difference (HSD) [AU: Spell- RESULTS

outs correct?] post hoc tests, using SPSS software

for Windows. The data were statistically compared =~ Maximums, minimums, means, and standard devia-
within and between groups. Differences were con-  tions for torque loss values are reported in Tables 3
sidered statistically significant at P = .05. to 5. There was a substantial amount of torque loss in
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Fig 6 Mean error bar and 95% confidence interval of torque
loss for the last I/R cycle before loading in each group.
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Fig 7 Mean error bar and 95% confidence interval of torque
loss after loading in each group.
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Fig 8 SEM micrographs (X500 maghnification) of abutment screw threads before loading for (a) unused screw, (b) after five I/R

cycles, and (c) after 15 I/R cycles.

each cycle of all three groups. Although repeated mea-
sures ANOVA showed a steady trend of torque loss in
each group, one-way ANOVA revealed a significant dif-
ference among the last repetition of the groups before
loading (Fig 6; P < .05). Tukey HSD post hoc analysis
showed significantly greater torque loss value in the
15th cycle of groups 2 and 3 compared with the fifth
cycle of group 1 (P < .05). Nonetheless, torque loss val-
ues after loading were not shown to be significantly
different from each other (Fig 7).

SEM Findings

SEM micrographs of selected screws are presented in
Figs 8 to 11.In general, it could be seen that even a pre-
cisely machined new screw was not highly smoothed.
However, SEM micrographs after 5 I/R cycles indicated
a smoother surface of the crests and disappearance of
the nodules of the roots. [AU: Correct?] In contrast, af-
ter 15 cycles, a kind of desquamation of the superficial
layer was observed in some slope areas. Surface analysis
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of the screw head exhibited that the corner edge of the
hexed slot was gradually rounded as the test proceeded.
[AU: Correct?] SEM analysis after loading also displayed
more destruction of the thread surface. In addition, even
on a new screw, some flakes that had possibly detached
from the previous screw could be simply detected.

DISCUSSION

The aim of this study was to investigate if repeated
screw joint closing and opening cycles will affect the
abutment screw removal torque or not. The results
found in this study indicate that the RTV was consider-
ably lower than the insertion torque in all I/R cycles.
However, it should be noted that evaluation of the re-
moval torque of the screws does not consider the man-
ner in which occlusal loads transfer to the interfaces
between the implant, abutment, and screw in a clinical
situation, and neglect that the antirotational feature
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DET: SE Detecion
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D 14.2046 mm Device: MVZ2300 ‘School of Mefallur gy, Unives sity of Tehran

200 um Vega STescan
‘School of Metallurgy, Unives sity of Tehran

200 um Vega STescan
‘School of Metallurgy, Unives sity of Tehran

Fig 9 SEM micrographs (X500 magnification) of internal hexagonal slot of screw head before loading for (a) unused screw, (b) after
five I/R cycles, and (c) after 15 I/R cycles.

A0 wm v 00w Wiga TTescan
‘School of Metallurgy, Unives sity of Tehran 3 ‘Scheol of Mitallurgy, Uniessity of Tehran

200 um
‘School of Metallurgy, Unives sity of Tehran

Fig 10 SEM micrographs (X500 magnification) of abutment screw threads after loading for (a) new screw, (b) after five I/R cycles,
and (c) after 15 I/R cycles.

[FEM RAAG: 500 % DET; SE Detecion
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Fig 11 SEM micrographs (X500 magnification) of internal hexagonal slot of screw head after loading for (a) new screw, (b) after five
I/R cycles, and (c) after 15 I/R cycles.
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could possibly limit the role of the occlusal loads in
the loosening of the screws.?® [AU: Correct?] However,
the trend of the RTVs during repeated I/R cycles was
steady in each group; the RTV of the last cycle before
cyclic loading in groups 2 and 3 (15th cycle) was signif-
icantly higher than group 1 (fifth cycle). This might be
attributed to the gradual and inconspicuous changes
of the values. Thus, it can be concluded that there is
an inverse relationship between the numbers of I/R
cycles of abutment screw and removal torque in the
last cycles. [AU: Correct?] In other words, increasing
the times an abutment screw is closed and opened
eventually will result in reducing the removal torque,
and increasing the risk of screw loosening. The pretest
SEM micrographs of the baseline screw displayed that
even a precisely machined new surface is not highly
smoothed. This observation is in agreement with
that of Tzenakis et al'® and Guzaitis et al.?? Since nei-
ther the internal threads of the implant nor the screw
threads can be machined highly smooth, there will
always be high spots on the mating surfaces. Thus,
when the initial torque is applied, high spots will be
the only contacting surfaces that flatten under load.
Consequently, some of the initial preload is lost.* This
process is called settling or embedment relaxation.
Greater microroughness and larger external loads
tend to increase settling.?’ Hence, these surface irregu-
larities reduce preload as well as the removal torque in
initial cycles. Although due to a decrease in the coef-
ficient of friction, an increase in preload and RTVs in
subsequent cycles might be expected, in the present
study, a steady and finally a declining trend of RTVs
was encountered. This could be justified by SEM mi-
crographs taken after 15 cycles, in which the authors
observed that some of the threads suffered a kind of
desquamation and the superficial layer was destroyed
in some areas. These destroyed layers would be en-
trapped between two surfaces and lead to a decreased
amount of effective contact area and also scratch the
surfaces. This phenomenon, which is called “galling,” is
a form of adhesive wear in which metal rubs off one
surface and sticks to the other.3° This is probably the
reason for the decreased value of the preload and re-
moval torque in the last cycles. According to a study by
Kim et al, 20 the brittle characteristic of titanium screws
might be attributed to the body-centered cubic (BCC)
crystal structure of them in comparison to face-cen-
tered cubic (FCC) in gold ones. [AU: Correct?]

The results of the present study confirm the find-
ings of Weiss et al,'3 Ricciardi Coppedé et al,?" and Lee
et al,32 who also demonstrated that repeated opening/
closing cycles caused loss of torque retention. Though
preload was not directly measured in the present
study, the results are consistent with the findings of
Ortorp et al,3* which displayed some decay in preload
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with repeated tightening. Although Byrne et al'" also
reported that all screw types display some decay in
preload with repeated tightening, the result was dif-
ferent depending on screw type. The gold alloy screw
and the gold-coated screw showed deterioration in
preloads, while preloads obtained by the titanium al-
loy screw were essentially stable. It is presumed that
gold coating that acts as a solid lubricant is damaged
during insertion and becomes less effective. Bernardes
et al** also concluded that tightening/untightening
sequences did not result in any significant loss of initial
preload in titanium and diamond-like carbon-coated
titanium screws. Nevertheless, Tzenakis et al'® showed
higher preload values after five or 10 repeated uses
of salivary contaminated gold prosthetic retaining
screws. They stated that this escalation in preload is at-
tributed to the decrease in frictional forces. However,
it is not clear how much friction is enough to main-
tain the preload. [AU: Correct?] That is why compar-
ing the results of the studies that directly measure the
preload with the ones that report the removal torque
is not always easy. Further studies are needed to de-
termine when the friction is too reduced to prevent
screw loosening. Considerable variation between the
results of different studies may be attributed to the dif-
ferent materials, methodology, and statistical analysis
they used. For instance, experiments have measured
preload from rotational angle,'? from compression in
the implant assembly,3>36 from screw elongation,? or
by strain gauges.'®

The results of the present study indicated that al-
though there was a decrease in RTVs throughout the
repetitions, the authors observed relatively high varia-
tions in the torque values even between the samples of
the same group. Coefficient of friction is controlled by
intrinsic metallurgic properties of the raw material and
the manufacturing process, which determines the geo-
metric design and quality of the surface finish.2 That is
why previous studies showed that not only screws from
different manufacturers®” but also screws from differ-
ent lots made by the same manufacturer3’38 could
withstand different maximum preload torque before
fracture. Manufacturers should have good control over
material properties and the manufacturing process.

Since in a clinical situation, loading of the screw
joint is an important contributor to decrease the pre-
load, in the present study, this factor has been simu-
lated by cyclic loading. As mentioned earlier, because
the crowns were stable enough, exclusion of cement
could not influence the cyclic loading outcomes. The
results of the present study indicate that after cyclic
loading thatsimulates 6 months of clinical services,
the value of removal torque is extremely decreased.
However, the number of I/R cycles or changing the
used screw with a new one before loading could not
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significantly increase the value of removal torque. Nev-
ertheless, considering the greater mean and minimum
torque loss values of the second group, it is possible
the differences become significant in a long-term clini-
cal simulation. Delben et alin 20113° and 20147 evalu-
ated the effect of retightening and mechanical cycling
on preload maintenance and reported that although a
reduction in torque value was noted initially and after
mechanical cycling, enough torque was maintained to
resist screw loosening. This result may be explained by
retightening the screws after each period of 100,000
cycles. Ricciardi Coppedé et al*' and Cardoso et al?!
also reported a lower torque loss ratio in comparison to
the present study. This is possibly due to retorquing the
screws every 15 minutes during loading, in addition to
the much lower amount of load they applied. Dhingra
et al*® and Butignon et al*' also noted that while there
was a loss of torque after loading, the stability of the
implant-abutment joint was not affected. This might be
due to the method of these studies in which the screws
did not endure repeated closing/opening cycles.

Another notable finding in the present study was
that using a new screw could not significantly increase
the value of removal torque. It seems that restricting
the amount of screw tightening is more important
than replacing the screw with a new one when an
abutment is definitively placed. [AU: Correct?] There
are a few studies?'?? that have evaluated the effect of
replacing a used screw with a new one. Similarly, Car-
doso et al?! found no evidence to prove this procedure
alone could increase resistance to loosening, possibly
due to a modification that had already occurred in the
internal threads of the implant. However, Guzaitis et
al?? stated that to achieve maximum removal torque
and maintain preload, after 10 screw insertion cycles,
a new screw should be used when inserting the defini-
tive restoration.

SEM surface analysis of the screw head showed that
after successive tightening and loosening, there is a sub-
stantial distortion in the internal hexagonal slot of the
screw head. Additionally, it is supposed that regarding a
few difficulties in manipulating the screwdriver and less
visual approach inside the mouth, wear or distortion of
the screw slot would be more noticeable. This distortion
could cause a rotational freedom between the driver tip
and the slot of the screw head. The finding above is also
compatible with the findings of Kim et al.2° Due to differ-
ences in manufacturing, it would have been desirable to
assess a larger number of screws with SEM and average
the findings in future studies. [AU: Correct?]

There were some limitations to this study inherent
to the in vitro condition. As the complex biomechan-
ics of an oral condition could not exactly be simulated,
caution should be exercised in interpreting the results.
Thus, it should be validated in a clinical condition.

CONCLUSIONS

Within the limitations of this in vitro study, it was con-
cluded that using a new screw could not significantly
increase the value of removal torque. It seems that re-
stricting the amount of screw tightening is more im-
portant than replacing the screw with a new one when
an abutment is definitively placed.
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