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cyclic loading
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ABSTRACT
Statement of problem. Clinicians question when to evaluate for worn or loose implant-supported
retainer screws to prevent possible clinical complications.

Purpose. The purpose of this study was to compare differences among initial and postdynamically
loaded detorque values and identify physical structural changes of prosthetic retaining screws in a
simulated implant-supported mandibular complete fixed prosthesis.

Material and methods. Nine groups and nonloaded controls comprising a 5-implant-supported,
milled titanium framework were fabricated and assembled (screw torque 35 Ncm). Dynamic
loading (20 to 220 N) was applied to simulate 2 years of oral function. After testing, screw
detorque values were measured (DT, initial-detorque value). A scanning electron microscopic
analysis of screw threads was used to assess physical changes. Data were analyzed by 2-way
ANOVA to determine the influence of loading and implant position on DT (a=.05).

Results. DT values of loaded and nonloaded groups were compared separately at each implant
position and showed a significant difference only for the implant in the central position (P=.002). All
positions were compared in terms of DT values separately for loaded and nonloaded conditions. A
significantly higher DT was found in 1 cantilever area of the loaded group, whereas a significantly
lower DT value was found in the central position in the nonloaded group. No statistically significant
differences were found in physical changes between loading and nonloading or among implant
positions.

Conclusions. When delivering a multiimplant supported prosthesis, the application of dynamic
loading and the sequence in which implant screws are tightened could influence the subsequent
detorque value of a screw; they have no effect on the physical appearance of screws after extended
function. (J Prosthet Dent 2015;113:432-439)
Dental implants are an integral
component of prosthodontic
treatment.1 Many patients
with edentulism receiving im-
plants are now being treated
with complete-arch prosthe-
ses.1 These prostheses are
secured to the implants/abut-
ments with screws and are
rarely removed, except for
prosthesis repair.2 Several
studies have indicated that
abutment screw loosening is
the most common problem
associated with dental im-
plants once osseointegration
has occurred.3-7 The reported
rates of loosening vary, with
incidences as high as
12.5%.4,6-9 Screw loosening
can create a gap between the
approximated components,
leading to loss of sealing and
accumulation of bacteria.10
A tightened screw loosens only if external forces
trying to separate the parts are greater than the force
keeping them together.11 The force needed to maintain
the joining of substrates under all static and functional
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Clinical Implications
The sequence of abutment screw tightening, along
with the loading during function of an implant-
supported prosthesis, could play a role in the loss of
screw preload, especially in the anterior sector, even
with a passive framework fit.
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effect on the parts being joined.12 To remove (detorque)
the screw, less force is needed because wear and less
interference of the threads are present than during the
original tightening procedure.13,14

The friction coefficient significantly influences the
screw preload value and modifies the stress in the
implant-abutment complex.15 In an effort to further
reduce frictional resistance, dry lubricant coatings have
been applied to the abutment screw. An example is a
coated, titanium alloy screw, which has a thin layer of
polytetrafluorothylene (PTFE, Teflon), reportedly
reducing the frictional coefficient by 60%.16,17 These
types of screws provide greater rotational angles and
preload values during screw tightening than do con-
ventional gold alloy and titanium alloy screws.5 Scratch
tests indicate that delamination of the PTFE coating is
greater than that of any other material,18 leading to
debris that could interfere with the preload of the screw
when tightened.19 The absence of passivity between
components has also been shown to increase stress in
the screws and result in metal fatigue and screw
loosening.20,21

The advantages of using titanium frameworks are well
known22-24 and have been documented in both clinical
and experimental studies.25-28 Besides material, another
determinant factor for framework fabrication is the
technique used for its fabrication. The reliability of tita-
nium frameworks fabricated from computer numeric
controlled milling allows for better control of distortion,
typically caused by conventional casting procedures.29

A significant stress is developed when a framework,
with clinically acceptable fit, is connected without a
functional load.30,31 Preload variation among the
different abutments that carry the same prosthesis ex-
ists,32 and the joined parts may be subjected to a tensile
force.33 The effect of screw-tightening sequence on the
final preload is known to be not statistically significant
for either axial forces or bending moments, but only
circular (linear) tightening orders have been evaluated.34

In other studies of implant-supported complete-arch
prostheses, up to 49% of retaining screws were loose at
the first and second follow-up sessions.35-37 This high
percentage value leads to confusion as to what the
appropriate time interval and course of action should be
for prosthesis evaluation.
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The purpose of this in vitro research was to measure
and compare changes in screw initial lightening torque
integrity and physical appearance for a simulated
5-implant-supported mandibular prosthesis under long-
term dynamic fatigue loading and when loading is not
applied. The research hypotheses were that screw torque
loss (DT) will be significantly higher after cyclic loading
compared to the nonloaded control group and that a
significant difference in torque loss will be observed (DT)
among the different positions of the implants in the arch,
and that the physical appearance of loaded implant screw
matting surfaces will be significantly degraded compared
to the nonloaded control group.

MATERIAL AND METHODS

A simulated implant was placed with an implant drilling
mandible (Model Mand-Teach; Salvin Dental Specialties)
and a milling machine (Model JM-030; A.M.D. Dental
MFG Inc) attached to a surveyor table (Fig. 1). The im-
plants were arranged in an arch, simulating the clinical
condition of restoring an edentulous mandible with
uniform 10 mm interimplant spacing and an anterior
abutment distance (fulcrum line) of 9 mm.38 The implant
locations were reproduced by laser scanning the jaw
model (NobelProcera Optical Scanner; Nobel Biocare
System). The framework was designed from the position
of the placed implants and with the addition of bilateral
15 mm long distal extension cantilevers (Fig. 2). Four
identical frameworks were fabricated (Procera Production
Center) and randomly selected by alternating the loaded
frameworks for the nonloaded ones among the groups
for use in the study. To fabricate a single specimen of a
test group, five 4.3×10 mm implants (Replace Select;
Nobel Biocare) were individually attached to a framework
with screws (TiTite; Nobel Biocare) to ensure passive fit
of the framework to the implants (Fig. 3).

The simulated mandibles were constructed with a
triangular hollow base of thermoplastic resin (ABS round
cord; New Image Plastics) designed with a computer
software program (Redsnapper; Reprap Co) and then
fabricated with a custom-made, 3-dimensional printer.
Each implant-framework complex was placed into the
hollow base and filled with light-polymerizing composite
resin (TruTray; Dentsply Intl), having an elastic modulus
of 10.5 GPa39,40 similar to that of mandibular bone
exposed to buccal-lingual loading (10.8 GPa).39,40 After
filling (Fig. 4), a passive fit test was performed and
repeated 5 times. The screws were removed and replaced
with new (previously index marked), titanium alloy
screws (TorqTite 29475; Nobel Biocare). Each screw was
identified according to the implant location (1-2-3-4-5)
to standardize the sequence of tightening or loosening
(Fig. 5). The order of torque tightening was sequential.41

Screws were tightened to a standardized, manufacturer-
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3.Milled framework attached to implants by screws (frontal view)
and ready to be embedded into triangular mandibular holding device.

Figure 4. Close-up view of milled framework attached to implants by
screws and embedded into filled triangular mandibular holding device.

Figure 1. Placement of implant in simulated mandible before design of
titanium framework bar.

Figure 2. Fabricated milled-titanium framework with 4 locator attach-
ments (arrows) that received loading force (test) or not (control).
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recommended torque of 35 Ncm. A technique of tight-
ening, waiting 10 minutes, and retorqing to the same
value3,42 was applied by using a calibrated, electronic
digital torque wrench (Model DSD-4; Imada). The torque
wrench was firmly held vertically in a surveyor, elimi-
nating any lateral (off-axis) movement during screw
tightening and loosening, and decreasing variation in
torque readings (Fig. 6). The peak torque value applied to
each screw was recorded in real time with data acquisi-
tion software (WinWedge v3x; Imada).

A mechanical device simulating masticatory load
application was developed by the Section of Dental
Materials, Department of Oral Rehabilitation, Georgia
THE JOURNAL OF PROSTHETIC DENTISTRY
Regents University, College of Dental Medicine. For this
custom-made load application device, 3 sequentially
activated solenoids (Series S-16-261; Electro Mechanics
Online Co) were used to create the force. A load range of
20 to 220 N was applied over each implant/abutment
assembly.39,40 Force application was altered such that
delivery was made across the 2 posterior locators,
released, placed across an anterior and posterior locator
of 1 side, released, and then applied across the contra-
lateral anterior-posterior side, and released. Disk-shaped
load cells (item 96455K59; McMaster-Carr Co) were
positioned under each vertex of the triangular holding
device for measuring the load applied in real time.
Loading was applied at 2 Hz over a 0.13-second contact
time on each pair of contact points, performing a total of
1 460 000 cycles, which corresponded to 2 years of in vivo
oral function.43-45 All experiments were performed under
dry conditions at room temperature.46 After dynamic
loading, the detorque value of each screw was measured
Sananez et al



Figure 7. Scanning electron microscope image (×65) of as-manufactured
screw before placement or testing. Three parameters were evaluated per
thread (8 threads in total): presence of debris, striation of threads
(scratches), and thread surface homogeneity (discontinuity or jump in
surface), as noted on image.

Figure 5. Numeric identification of screw positions according to location
within framework in ascending order from patient’s left to right and
used to standardize sequence of screw tightening and loosening.

Figure 6. Screw torque and detorque measuring device.
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by using the same technique as that for the initial torque
tightening.38,47 As a control, each test group had its own
nonloaded equivalent model assembly. The peak detor-
que value of each screw after testing was subtracted from
its corresponding initial peak tightening value, the dif-
ference of which (DT) was used to compare all subse-
quent associated loosening and tightening values
according to the assigned test group protocol of that
specimen. A 2-way ANOVA was performed to examine
differences in DT between loading conditions and among
screw positions.

Before and after testing, each screw was visually
examined for signs of thread integrity with a scanning
electron microscope (SEM; Model XL30, Philips), at
a magnification of ×65 and a working distance of
approximately 9.8 mm at 10.9 kV in high-vacuum mode.
Index marks were made on the screw shafts to enable
reproducible imaging of the same location of each screw.
Digital images of the SEM display were recorded and
then viewed and compared by 1 examiner (A.S.), ac-
cording to a list of predefined evaluation criteria. For
these parameters, specific surface characteristics were
evaluated, noting changes on each thread (each screw
presented 8 threads in total). Screws were qualitatively
rated as homogeneous or nonhomogeneous (extent of
discontinuities or jumps) as smooth or striated with the
presence of debris on each thread, totaled per screw
(Fig. 7), with a score between 0 and 8 obtained for all
parameters, and then compared statistically.
RESULTS

The ANOVA revealed that the interaction between
loading and screw position was significant (P=.002).
Thus, simple effects were analyzed; that is, the 2 levels of
loading were compared separately at each of the 5 screw
Sananez et al
positions with a Bonferroni-adjusted significance level
of .05/5=.01. In addition, DT values of the 5 screw posi-
tions were compared separately for each of the 2 levels
of the loading factor with a Bonferroni-adjusted level
of .05/2=.025.

In terms of the simple effects for the loading factor,
DT values of loaded screws differed from the control at
the Bonferroni-adjusted significance level of .01 only for
the implant in Position 3, in the center of the framework
(P=.002), which consistently showed a greater difference
between tightening and detorque value compared to the
other positions; an indication of greater screw loosening
at this position resulted from dynamic loading. The
comparison of loaded versus control for implant Position
1 was not significant at the .01 level (P=.018). The
comparison of loaded versus control was not significant
at any of the other 3 screw positions (P=.242).
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 8. Comparison of unloaded (control) DT values among different
screw positions in framework (n=9). Groups identified with similar up-
percase letters were not significantly different. Vertical bar=-1 standard
deviation.
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Figure 9. Comparison of DT in dynamically loaded (test) condition with
respect to screw position in the framework (n=9). Groups identified with
similar uppercase letters were not significantly different. Vertical bar=-1
standard deviation.

Table 1.Mean (±SD) difference in number of threads with debris (after
testing minus before) by loading condition and implant position based
on a continuous rage of 0 (least) to 8 (most)

Loading
Condition

Implant
Position n Mean ±SD Minimum Maximum

Control 1 5 4.2 ±2.2 1 6

2 5 2.8 ±1.3 1 4

3 5 2.8 ±2.3 0 6

4 5 5.4 ±1.5 3 7

5 5 2.8 ±1.8 1 5

Loaded 1 5 3.0 ±1.7 0 4

2 5 3.0 ±2.2 0 6

3 5 4.6 ±1.1 3 6

4 5 3.8 ±1.6 1 5

5 5 4.8 ±1.6 2 6

Pooled 1 10 3.6 ±2.0 0 6

2 10 2.9 ±1.7 0 6

3 10 3.7 ±1.9 0 6

4 10 4.6 ±1.7 1 7

5 10 3.8 ±1.9 1 6
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The screw position factor in the control condition was
analyzed with a 1-way ANOVA with a Bonferroni-
adjusted level of .025 and indicated the presence of a
significant effect (P=.022). Tukey-Kramer pairwise com-
parisons at the .025 level indicated that DT of the implant
in Position 3 differed significantly from implant Position
4, with Position 4 having a much higher DT value than in
Position 3, which was the lowest of the 5 positions. None
of the other pairwise comparisons for implant position in
terms of DT in the control condition was statistically
significant (Fig. 8).

In terms of the simple effects for the screw position
factor in the loaded condition, the 1-way ANOVA indi-
cated the presence of a significant difference at the
Bonferroni-adjusted level of .025 (P<.001). Tukey-Kramer
pairwise comparisons at the .025 level indicated that DT
of the implant in Position 1 differed significantly from
implants in Positions 2, 3, and 4. Thus, the implant
loaded in Position 1 had a consistently higher DT value
when compared to those at Positions 2, 3 and 4, but
no significant difference when compared to Position 5
(Fig. 9).
THE JOURNAL OF PROSTHETIC DENTISTRY
In general, before insertion, the as-manufactured
screw surface was nonhomogeneous and striated, and
it had little surface debris (Fig. 7). The interaction be-
tween implant position and loading condition was not
statistically significant (P=.071). However, an interaction
plot of the cell means indicated that a meaningful
interaction may have been present (Table 1). Therefore,
simple effects were analyzed. The t test, comparing
control and loaded values almost reached statistical sig-
nificance at Position 5, showing more debris when
compared to other positions (P=.064), but none of the
remaining comparisons of control versus loaded was
close to significant (P>.139). The 1-way ANOVA
comparing test parameters among implant positions
almost reached significance in the control condition
(P=.069); however, none of the pairwise comparisons
among the 5 positions was statistically significant
according to the Tukey-Kramer method. The 1-way
ANOVA testing debris presence among implant posi-
tions for the loaded condition was not significant
(P=.303).

No significant interaction was found in the level of
occurrence of striations on screw threads between the
factors of implant position and loading (P=.942), and no
significant difference was found between loading condi-
tions (P=.711) or among implant positions (P=.880). The
Tukey-Kramer analysis indicated no significant differ-
ences for any of the pairwise comparisons among the
5 positions (Table 2).

No significant interaction in screw homogeneity was
found between implant position and loading (P=.907),
between loading conditions (P=.329), or among implant
positions (P=.511). The Tukey-Kramer analysis indicated
no significant differences for any of the pairwise com-
parisons among the 5 implant positions (Table 3).
Sananez et al



Table 3.Mean (±SD) difference in number of homogeneous threads
(after testing minus before) by loading condition and implant position
based on a continuous rage of 0 (least) to 8 (most)

Loading
Condition

Implant
Position n Mean ±SD Minimum Maximum

Control 1 5 1.8 ±1.6 -1 3

2 5 1.2 ±1.3 -1 2

3 5 0.0 ±0.7 -1 1

4 5 1.0 ±1.6 -1 3

5 5 0.6 ±2.5 -3 3

Loaded 1 5 1.6 ±2.5 -1 4

2 5 1.6 ±1.1 0 3

3 5 1.0 ±1.9 -2 3

4 5 1.6 ±1.5 -1 3

5 5 1.4 ±1.5 -1 3

Pooled 1 10 1.7 ±2.0 -1 4

2 10 1.4 ±1.2 -1 3

3 10 0.5 ±1.4 -2 3

4 10 1.3 ±1.5 -1 3

5 10 1.0 ±2.0 -3 3

Table 2.Mean (±SD) difference in number of striated threads (after
testing minus before) by loading condition and implant position based
on a continuous rage of 0 (least) to 8 (most)

Loading
Condition

Implant
Position n Mean ±SD Minimum Maximum

Control 1 5 1.2 ±1.6 0 4

2 5 0.8 ±1.6 -1 3

3 5 0.4 ±0.9 -1 1

4 5 0.8 ±0.4 0 1

5 5 0.6 ±0.9 0 2

Loaded 1 5 1.0 ±1.0 0 2

2 5 1.2 ±0.8 0 2

3 5 0.6 ±1.1 -1 2

4 5 0.6 ±1.8 -1 3

5 5 0.6 ±1.1 -1 2

Pooled 1 10 1.1 ±1.2 0 4

2 10 1.0 ±1.2 -1 3

3 10 0.5 ±1.0 -1 2

4 10 0.7 ±1.3 -1 3

5 10 0.6 ±1.0 -1 2
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DISCUSSION

The test results indicate that the first and second research
hypotheses were partially supported, suggesting that
loading under physiologic conditions could lower the
detorque values (causing increased screw loosening)
among the different positions of an implant in the dental
arch. The pattern of torque differences observed in the
nonloaded, control condition indicates a possible effect of
screw-tightening sequence (Figs. 8, 9) as a potential
contributing factor to screw loosening (DT). For the
loaded group, the screws closest to the cantilevers pre-
sented the least DT values (unscrewed the least), and the
ones furthest from the most distal locations presented
Sananez et al
the highest values (unscrewed the most), resulting in a
difference in the potential for screw loosening between
the distal extensions and screws anterior to them. The
greatest difference in DT was expected to occur in the
middle screw, but its value was not significantly different
from those of the screws on either side. These findings
have clinical significance, as apparently loading a
framework removes the initial pattern in torque/detorque
differences found in the nonloaded control group and
establishes a new one.

For the nonloaded control group, attention is focused
on the middle screw (Position 3), which showed signifi-
cantly less DT value than the remaining positions (Fig. 8).
The trend in DT among implant locations indicated a
V-shaped pattern, opposite to that seen in the loaded
condition. This finding suggests that forces are not
equally distributed among the screws of the framework
because stress is distributed unequally, even before the
screws are placed in function.

In the present study, a linear torque sequence was
applied to all models. One study suggests that screw
tightening should be performed in a crosswise manner.41

Another study recommended that screws be tightened
one by one, starting with the implant closest to the
midline and ending with the 2 terminal screws.35 An
additional investigation reported that the effect of
screw-tightening sequence on the final preload was not
statistically significant for either the axial forces or the
bending moments.34

The third research hypothesis was not supported,
suggesting that loading has no significant degradation on
the overall physical appearance of the matting surfaces of
the screw, including the presence of debris from the
delamination of the Teflon coating present on these
screws after loading. No significant differences in screw
integrity were found in any of the studied parameters
with respect to either test condition or implant position.
However, on the basis of visual examination only, many
screws demonstrated an increased amount of debris after
use in both the loaded and unloaded conditions. Surface
debris on as-manufactured screw-threaded surfaces is
possibly the result of the milling process,28 which could
potentially affect the increase in frictional resistance for
screw insertion and removal. For the loaded condition,
the debris could be a result of implant thread wear with
transmission of titanium particles from the implant to the
prosthetic screw surface, which could accelerate the
settling effect.18

The same type of Teflon-coated screw used as in the
present research, TorqTite, was tested in another
study.16,17 These screw types have been demonstrated to
reduce the coefficient of friction (decreasing the potential
for screw loosening) while providing an increased pre-
load value. However, its surface is rougher than other
types of screws, and the Teflon particles exfoliate easily,18
THE JOURNAL OF PROSTHETIC DENTISTRY
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creating a higher probability of surface debris which
could also have contributed to the high variation seen in
the physical debris of the current study.

During recall visits, the prosthesis should be evalu-
ated for possible defects to avoid complications. The 2
most important aspects to examine are occlusion and
screw fixation. Just as with any prosthesis, mechanical
failures may lead to the need for repair. Only when pe-
riodic maintenance evaluations are performed may such
complications be adverted.

The limitations of the current study include the use
of only a single implant manufacturer and the high
variability of the analyzed results. Only 4 individual
frameworks were used in the current study; however,
they were randomly selected by being alternated be-
tween loaded and nonloaded groups throughout the
project. Thus, the ability to examine the influence of an
individual framework as a contributing factor was not
possible. However, because data suggest that this type of
titanium framework can withstand long-term use
without significant change,22-29 individual frameworks
for each model were not thought to be necessary; further,
it was not thought that the framework itself would
significantly contribute to the test findings.

Future research should investigate the role of torque
sequence and load on the potential for a screw to loosen.
Furthermore, instead of removal, the screw could be only
retightened to its initial torque value and then analyzed
after various time periods and loading scenarios.
CONCLUSIONS

Within the limitations imposed in the current study, the
following conclusions were made:

1. No significant difference was found in torque/
detorque values between loaded and nonloaded
conditions, except the center screw location, where
the loaded screws demonstrated greater potential
loosening than their nonloaded counterpart.

2. A significant difference was found in torque/detor-
que values among implant positions in the
nonloaded condition, with the center screw location
demonstrating the smallest difference (showing the
smallest potential for screw loosening).

3. A significant difference was found in the torque/
detorque values among implant positions in the
loaded condition, with the most distal implant
locations (closest to the cantilever) demonstrating
the lowest values (showing the lowest potential for
screw loosening).

4. No significant increase was found in the presence of
debris, change in surface homogeneity, or absence
of striations on threads among implant positions in
either the loaded or nonloaded condition after
THE JOURNAL OF PROSTHETIC DENTISTRY
completion of testing when compared to initial
values before testing.
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