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Abutment screw loosening is a
common complication with
implant-supported prostheses,
with the incidence of screw
loosening varying widely across
different conditions and patient
groups.” © For instance, Good-
acre et al’ reported that abut-
ment screw loosening occurred
in 6% of 6256 implants, even
reaching up to 45% in single
crowns. This high frequency
underscores the persistent chal-
lenge screw loosening poses to
dental implant manufacturers
and practitioners and the need
for further research.

The different conditions in-
cluded screw length,” " implant
dlameter, contamination
during the treatment process,”

implant-abutment  connection
- 13,14 11,15
designs, " lateral forces,
16-18
and torque values, among

others.” " While these studies

have highlighted some aspects of screw loosening, a sig-
nificant knowledge gap remains. Specifically, the internal
contact surfaces of dental implants, a potentially crucial
factor in screw loosening, have been largely overlooked.

Serkan Aktas, BS, MSc, PhD,” Talip Celik, BS, MSc, PhD, and
Yasin Kisioglu, BS, MSc, PhD“

ABSTRACT

Statement of problem. The effects of the internal contact surfaces of dental implants on screw
loosening have yet to be investigated.

Purpose. The purpose of this 3-dimensional finite element analysis (FEA) study was to evaluate
and compare the mechanical effects of the abutment implant angle (6), the abutment screw head
diameter (D), and the abutment screw length (L) on screw loosening.

Material and methods. A total of 27 models presenting various mechanical scenarios were built
by using combinations of 3 different 0 (30 degrees, 45 degrees, and 60 degrees), D (2.65 mm,
2.75 mm, and 2.85 mm), and L (4 mm, 5 mm, and 6 mm). In FEA, a static test with a 200-N force
inclined 30 degrees in the implant axial direction was applied to the upper surface of the
abutment to evaluate and compare the maximum von Mises stresses of the implant components
and the maximum total deformation in all models. In addition, modal analysis was applied to
identify the natural frequencies in all models under free (unforced) vibration, and a Kruskal-Wallis
statistical test (0=.05) was performed, followed by multiple pairwise comparisons by using the
Dunn test.

Results. The Kruskal-Wallis test found a significant influence of the 6 on implant stress, total
deformation, and natural frequency (P<.001). For example, increasing the 6 from 30 degrees to 45
degrees and 60 degrees can considerably reduce the model’s natural frequencies to 18% and 26%,
respectively. Similarly, the test underscored the significant impact of the D on both abutment
screw stress and abutment stress (P=.010 and P=.002, respectively). However, the L appeared to
have no significant effect on any of the dependent variables (P>.05).

Conclusions. The 6 and the D significantly influenced the stresses of dental implant components,
total deformation, and natural frequency of the model, which may impact the mechanical stability
of the screw joint. However, the L does not appear to affect these values significantly. (J Prosthet
Dent 2023;130:603.e1-e11)

The present research examined the influence of internal
contact surfaces, specifically the abutment implant angle
(©), the abutment screw head diameter (D), and the
abutment screw length (L), on screw loosening in dental
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Clinical Implications

The incidence of abutment screw loosening can be
influenced by modifications that increase the
contact area within dental implants. An increase in
the abutment screw head diameter and a decrease
in the abutment implant angle may improve the
screw joint stability, contributing to solving one of
the most common issues encountered by dental
implant manufacturers.

implants. The authors are unaware of previous studies on
the collective effect of these parameters on screw loos-
ening. Whether these 3 parameters significantly influence
screw loosening remains unclear, and if so, which has the
most substantial impact. Finite element analysis (FEA) and
various statistical tests were conducted to determine the
interplay between these parameters and their collective
influence on the mechanical stability of the screw joint.
FEA has been widely adopted in biomedical en-
gineering applications and has been used in many stu-
dies to evaluate abutment screw loosening.””"~***
Chen et al*' indicated that some FEA studies directly
linked the increase in maximum von Mises stresses in
the abutment screw with screw loosening. Therefore, in
the present study, the maximum von Mises stress and
the maximum total deformation of dental implant
components, particularly the abutment screw and im-
plant, were used to evaluate and compare screw loos-
ening in all models. Additionally, the natural frequencies
of the vibrational modes of the model were assessed by
using modal analysis, an approach that is particularly
useful for assessing the dynamic behavior of a system."”
The null hypotheses were that the 6, D, and L would
not have a significant effect on the stresses of dental
implant components, total deformation, or natural fre-
quency of dental implant design and that they would not
influence the mechanical stability of the screw joint and
the probability of screw loosening in dental implants.

MATERIAL AND METHODS

Both static and modal analyses were used to evaluate and
compare the stability of 27 models through the evolution
of the maximum von Mises stresses for the implant
components, maximum total deformation, and natural
frequencies. The static analysis provided insight into the
stress distribution and deformation under a 200-N load,
whereas modal analysis helped in understanding the
dynamic response and stability of the dental implant
system under unforced vibration. Combining these 2
approaches provided a more thorough evaluation of the
factors affecting screw loosening in dental implants.
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Figure 1. Implant design parameters investigated. 6, abutment implant
angle; D, abutment screw head diameter; L, abutment screw length.

Table 1. Combinations of abutment implant angle (8), abutment screw
head diameter (D), and abutment screw length (L) with model nodes
and element numbers used

Abutment Screw Head Screw Node Element
Implant Diameter Length Number Number
Angle (6) (D) (mm) (L) (mm)
(degrees)
30 2,65 4 253255 170557
5 291182 196586
6 327407 221391
2.75 4 264181 178301
5 301131 203631
6 338699 229433
2.85 4 274004 185560
5 311451 211289
6 348092 236376
45 2,65 4 253963 171066
5 291401 196781
6 327816 221694
2.75 4 264489 178585
5 301616 204059
6 338834 229561
2.85 4 274593 186039
5 311626 211438
6 348388 236586
60 2,65 4 254049 171158
5 291375 196767
6 304511 207918
2.75 4 268980 181205
5 301196 203740
6 338507 229342
2.85 4 274370 185926
5 311683 211525
6 347807 236199

The implant, the abutment, and the abutment screw
were analyzed with the parameters illustrated in Figure 1.
Three L 4 mm, 5 mm, and 6 mm), 3 D (2.65 mm,
2.75 mm, and 2.85 mm), and 3 0 (30 degrees, 45 degrees,
and 60 degrees) were evaluated, with a total of 27 com-
binations (Table 1, Fig. 2).

Solid components of the 27 implants were con-
structed and assembled by using a 3-dimensional (3D)
computer-aided design (CAD) software program
(SolidWorks  version  2020; Dassault Systémes
SolidWorks Corp) and exported into a CAD modeling
software program (ANSYS version 21; ANSYS, Inc) for
analysis (Fig. 2). According to the mesh convergence,
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Figure 2. Three-dimensional computer-aided design models used with different parameters. A, Abutment screw lengths: 4 mm (L1), 5 mm (L2), and
6 mm (L3). B, Abutment screw head diameters: 2.65 mm (D1), 2.75 mm (D2), 2.85 mm (D3). C, Abutment implant angles: 30 degrees (01), 45 degrees

(82), and 60 degrees (63). D, Assembled model. E, Mesh model.

Table 2. Measurements and preload value for model

Parameters Value
T (Nmm) 250

P (mm) 035
He 0.2

Hn 0.2

d; (mm) 1.78
d, (mm) 2

B (deg) 30

F (N) 542

the screw element size was selected as 0.1 mm, and the
element size of other components was 0.25mm. The
mesh of the total model is shown in Figure 2E. After the
27 finite element (FE) mesh models had been developed,
friction was assumed between all implant components,
with a friction coefficient of 0.2.”

A tightening torque of 25 Ncm was applied to the
screw to simulate preload, calculated by substituting the
values of the abutment screw design parameters
(Table 2, Fig. 3) in the torque eugation (Eq. [1]). A torque
of 25 Ncm with a coefficient of friction of 0.2 assumed
for all screw threads and screw head resulted in a pre-
load of 542 N, which was transformed along the inter-
face between the surface of the threads of the abutment
screw and the surface of the internal threads of the
screw channel (Fig. 4A).

Al-sanea et al

Figure 3B illustrates the interface between the screw
and the screw channel in the implant design. The screw
channel was a threaded, cylindrical hole within the
implant body, whereas the abutment screw had a
matching threaded outer surface.

A 200-N force inclined 30 degrees in the axial di-
rection was applied to the upper surface of the abutment
(Fig. 4B) to simulate the maximum masticatory load in
the posterior area.””" All sides of the external surface of
the implant were fixed as boundary conditions before
the simulation was carried out (Fig. 4C). The mechanical
properties of the materials, including the Poisson ratio
and elastic modulus, were standardized, and all mate-
rials were assumed to be isotropic, homogeneous, and
linearly elastic (Table ) R

The torque equation was used to calculate the screw
preload applied in all models:

T=£ E+/"td2
2|  cosp

* d"ﬂ"] )

By solving for F

P
K2
[; + cosp + d"’u”] 2)

THE JOURNAL OF PROSTHETIC DENTISTRY



603.e4

Volume 130 Issue 4

60° l_ 5H/8=0.19mm
)
d1=1.62mm dn=2.00mm
A

Figure 3. A, Abutment screw design parameters values used. B, Interface between abutment screw and screw channel.

300

Figure 4. Boundary conditions used. A, Screw preload 542 N. B, Load
applied to upper surface of abutment 200 N. C, Fixed support (external
surface of implant).

where, T (Nmm)=tightening torque, P (mm)=thread pitch,
pe=coefficient of friction for the threads, p,=coefficient of
friction for the screw head, d, (mm)=pitch diameter of the
thread, d, (mm)=major diameter of the thread, f
(deg)=flank angle, and F (N)=screw preload.

By substituting the values of the abutment screw
design parameters from Table 2 into Equation (2)
F= 2*250 =~ 542N

[@ 4 027178 2*0.2]

.4 c0s30
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The natural frequencies of the 27 models were
identified under free vibration by using modal analysis
in the ANSYS software program. Free vibration referred
to the oscillatory motion of the dental implant in the
absence of external forces.

To determine whether there were significant differ-
ences between factor groups, a nonparametric Kruskal-
Wallis statistical test was used because of the nonnormal
distribution of some of the data, as determined by the
Shapiro-Wilk normality test. After the Kruskal-Wallis
test, multiple pairwise comparisons were conducted by
using the Dunn test. Statistical analyses were performed
by using a statistical software program (IBM SPSS
Statistics, v29.0.1.0; IBM Corp) (a=.05).

RESULTS

The findings of the static test and modal analysis are
presented in Table 4. Figure 5 illustrates stress distribution
in implant components for 1 model. As shown in Table 5,
the Kruskal-Wallis test revealed a significant influence of
the 6 on implant stress, total deformation, and natural
frequency (P<.001). Furthermore, the Dunn test reported
significant differences (P<.05) among all 3 group pairs (30
to 45, 30 to 60, and 45 to 60 degrees) for the same mea-
sured values, except for total deformation between the 45
and 60-degree group pair (P=.272) (Table 6).

The D significantly affected both abutment screw stress
and abutment stress (P=.010 and P=.002, respectively)

Al-sanea et al
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Table 3. Material properties used in analysis

Components Material Elastic Modulus Poisson Ratio Yield Strength
E (GPa) v o (MPa)
Abutment screw, abutment, implant Titanium Alloy (Ti-6Al-4V) 110 0.35 860
Table 4. Maximum von Mises stress of implant components, total deformation, and natural frequency for all models
Abutment Screw Head Screw Maximum von Maximum von Maximum von Maximum Natural
Angle (6) Diameter Length Mises Stress of Mises Stress Mises Stress Total Frequency of
(D) (L) Abutment of Abutment of Implant Deformation Model
Screw of Model (Mode 1)
(degrees) (mm) (mm) (MPa) (MPa) (MPa) (mm) (Hz)
30 2.65 4 666.64 261.16 738.10 0.0075079 92098
30 2.65 5 697.32 259.64 711.80 0.0075121 92136
30 2.65 6 689.02 261.00 729.58 0.0075484 92085
30 275 4 693.21 240.12 566.33 0.0077083 92753
30 275 5 716.85 239.98 580.10 0.0076633 92772
30 2.75 6 721.58 239.64 728.03 0.0076963 92722
30 2.85 4 721.66 354.50 23743 0.0085641 93138
30 2.85 5 680.09 197.50 605.19 0.0078479 93445
30 2.85 6 695.73 197.83 721.06 0.0078792 93401
45 2.65 4 703.45 264.28 1036.5 0.0089318 75180
45 2.65 5 675.11 263.13 956.87 0.0088812 75186
45 2.65 6 671.84 263.92 663.42 0.0089596 75418
45 2.75 4 702.49 243.25 1035.3 0.0091241 75864
45 275 5 926.25 284.46 823.28 0.0353830 75871
45 2.75 6 733.63 242.72 1584.9 0.0091323 75808
45 2.85 4 737.75 216.06 1280.1 0.0092667 76715
45 2.85 5 661.6 215.13 898.50 0.0091817 76727
45 2.85 6 712.38 21537 1588.8 0.0093205 76662
60 2.65 4 660.99 267.31 482.28 0.0085860 67679
60 2.65 5 674.54 266.40 475.94 0.0086431 67709
60 2.65 6 707.54 270.53 443.77 0.0112000 65672
60 275 4 747.46 299.99 313.91 0.0092026 68463
60 275 5 691.57 239.66 476.16 0.0088097 68433
60 2.75 6 738.27 238.81 417.76 0.0087534 68417
60 2.85 4 724.89 213.18 470.46 0.0089609 69199
60 2.85 5 675.78 212.98 507.32 0.0090377 69218
60 2.85 6 722.25 212.90 471.25 0.0089451 69210

(Table 5). The Dunn test revealed significant differences in
abutment screw stress between the group pair (2.65 to
2.75) mm and in abutment stress between the group pairs
(2.65 to 2.85) mm, and (2.75 to 2.85) mm (Table 6).
However, L had no significant effect on any of the de-
pendent variables (P>.05) (Table 5).

The main effect of the maximum von Mises equiva-
lent stress indicated that the implant stress was influ-
enced by the 6. For example, the rate of change in
implant stress was 76% and —28% when the 6 increased

MPa

926.25
800
700
600
500
400
300
200
100

0

A

Figure 5. Stress distribution in one model. A, Implant. B, Abutment. C, Abutment screw.

Al-sanea et al

from 30 degrees to 45 degrees and 60 degrees, respec-
tively (Fig. 6A). Additionally, the maximum total de-
formation of the models significantly increased to 55%
when the 6 changed from 30 to 45 degrees (P<.001) and
increased, but at a lesser rate of 17% when the angle
changed from 30 to 60 degrees (P=.002) (Table 6,
Fig. 6A). Furthermore, the main effect plot (Fig. 6A)
reveals a decrease in natural frequency corresponding to
an increase in the 6. Specifically, when the angle of the
abutment implant increased from 30 degrees to 45

THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 5.K independent Kruskal-Wallis test P values

Implant Design Parameter Abutment Screw Stress

Abutment Stress

Implant Stress Total Deformation Natural Frequency

Abutment implant angle 799 .852 <.001 <.001 <.001

Abutment screw head diameter .010 .002 952 336 .276

Abutment screw length 291 291 934 917 934

Table 6. Multiple pairwise comparisons by using Dunn test P values

Implant Design Pairwise Abutment Screw Abutment Implant Total Natural

Parameter Comparisons Stress Stress Stress Deformation Frequency

Abutment implant Group 30-45 .018 <.001 016

angle (degrees) Group 30-60 .043 .002 <.001
Group 45-60 <.001 272 016

Abutment screw Group 2.65-2.75 .003 181

head Group 2.65-2.85 .070 <.001

diameter (mm) Group 2.75-2.85 235 .033

degrees and 60 degrees, the natural frequencies of the
models decreased to 18% and 26%, respectively.

For the main effect of D, the maximum von Mises
stress of the abutment screw increased to 9% when the
diameter changed from 2.65 to 2.75mm (P<.05) and
increased to 3% when the diameter increased from 2.65
to 2.85 mm (Table 6, Fig. 6B). In contrast, the increase in
screw head diameter resulted in a decrease in the
abutment stress from 264.15MPa to 252.07 MPa and
226.16 MPa, respectively (Fig. 6B).

For screw length, no clear relationship was observed
between the maximum von Mises equivalent stress of the
implant, the abutment, and the abutment screw (Fig. 6C).
Additionally, it was not evident that increasing L values
from 4 mm to 5 mm and 6 mm had any distinct effect on
the natural frequencies of the model (Fig. 6C). These
observations were corroborated by statistical tests, which
reported that screw length had no significant impact on
these measured parameters (P>.05) (Table 5).

DISCUSSION

The Kruskal-Wallis analysis test partially supported the
rejection of the null hypothesis. The 0 significantly
affected implant stress, total deformation, and natural
frequency (P<.001), whereas no significant impact was
detected on abutment screw stress (P=.799) or abutment
stress (P=.852). Additionally, the D significantly influ-
enced abutment screw stress (P=.010) and abutment
stress (P=.002) but had no significant effect on implant
stress (P=.952), total deformation (P=.336), or natural
frequency (P=.276). Lastly, the findings indicated that L
had no significant effect on any of the measured vari-
ables (P>.05). Furthermore, the Dunn test results in
Table 6, which provide pairwise comparisons, further
supported the partial rejection of the null hypothesis for
specific groups and variables.

THE JOURNAL OF PROSTHETIC DENTISTRY

Optimum preload force should generate stresses in
the range of 60% and 75% of the yield strength of the
abutment screw material."' These stresses can be con-
trolled by either increasing the coefficient of friction or
decreasing the tightening torque to keep the stresses
within the optimal range, which in this study should be
between 516 MPa and 645MPa. The maximum von
Mises stress in all implant components was mostly
below the yield strength of the implant material, except
for implant stress in some models, which exceeded the
yield strength of the implant material when the 6 was 45
degrees, causing plastic deformation. The abutment
screw stress in all models exceeded the range of stress
caused by optimum preload; however, the stresses were
still below the yield strength. However, whether the
preload was optimum or not, was not important in this
study because the aim was to evaluate and compare
between models numerically based on the existing
results.

In relation to the findings of this research, the natural
frequency of the model decreased significantly as the 6
increased (Fig. 6A), indicating a decrease in the stability
of implant components based on the assumption that
higher natural frequencies would correlate with greater
stability. This assumption stems from the understanding
that when a model is at resonance, it exhibits maximum
displacement, implying that models with higher natural
frequencies are more stable. The decrease in stability
could be attributed to the reduced contact surface area
between the abutment and the implant as the 6 de-
creased. Additionally, it was assumed that as the stabi-
lity of a model decreases, the likelihood of screw
loosening increases, leading to the interchangeability of
model stability and screw loosening.

Modal analysis results include 6 types of vibrational
modes in the FE model under free vibrations. These modes
represent the normal modes of vibration for the model:
asymmetric, symmetric, wagging, twisting, scissoring, and

Al-sanea et al
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Figure 6. A-C, Main effect of abutment implant angle (8), abutment screw head diameter (D), and abutment screw length (L) at each level of
maximum stresses of implant components, total deformation, and natural frequency for all models.

rocking. The main effect of the natural frequencies of the
other 5 modes was inversely proportional to the increase in
the 0 and directly proportional to the increase in the D, as
in mode 1. Therefore, the natural frequencies in all models
were presented and compared by using the first mode only
to avoid excessive results and plots.

The L had no clear effect on the loosening of the
abutment screw, consistent with other studies,”'" but
not with a study” that recommended a long screw with

Al-sanea et al

more threads to increase screw retention. The only dif-
ference between the models used was the design,
whereas the material properties, load and boundary
conditions, and contact definitions were the same.
Table 4 shows that the difference in obtained stress
values between the different screw lengths was small
and not statistically significant, indicating that screw
length has minimal effect on von Mises stress. Figure 7
demonstrates that the intersection point between the

THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 6. (continued)

screw thread and thread slot varied when the 8 was
changed. This intersection point is crucial because the
maximum stress of the abutment screw is located in this
region, as shown in Figure 5C. Overall, the absence of
this relationship can be attributed to the location of the
intersection point between the screw thread and the
thread slot.
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Limitations of this study included simplifications such
as modeling the implant without external threads and not
considering the simulation of cortical and cancellous
bones around the implant in the FE model. However,
these simplifications should not impact the comparative
results of the investigated parameters. It was assumed
that the implant’s external threads had no effect on screw

Al-sanea et al
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Figure 6. (continued)

loosening, and whereas bone may absorb stresses
transferred from the implant, affecting the stress values of
dental implant components, this aspect was not within
the scope of this study. Despite these simplifications, the
abutment screw was modeled to accurately represent its
real-life counterpart. Therefore, the virtual representation
of the abutment screw used in the study considered the

Al-sanea et al

physical properties (elastic modulus, yield strength, and
Poisson ratio) and geometries (shape, size, and dimen-
sions) of the screw’s threads, allowing for a more realistic
simulation of the behavior and performance of the actual
abutment screw. Further research might be required to
fully understand the role of the L in the mechanical
stability of dental implants.
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Figure 7. Variation in intersection point between screw thread and
screw slot at different abutment implant angles. A, 30 degrees. B, 45
degrees. C, 60 degrees.

CONCLUSIONS

Based on the findings of this 3D FEA study, the
following conclusions were drawn:

1. The 6 and the D significantly affected the stresses of
dental implant components, total deformation, and
natural frequency of dental implants. This, in turn,
may influence the mechanical stability of the screw
joint and the likelihood of screw loosening in
dental implants.

2. The L had no significant effect on the dependent

variables studied.
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