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Although dental implants have
a survival rate of up to 90%,">
failure can be devastating
because of the high cost of the
replacement and a healing
period of up to 6 months.>*
Osseointegration has been
identified as the dominant
factor for the success of dental
implantation.”® However,
clinical reports have indicated
that the failure of dental im-
plantation can occur even
when satisfactory osseointe-
gration has been achieved.””
Moreover, not only the
implant itself but also the
abutment or screw can frac-
ture.'”'* A fractured abutment
or screw might lead to damage
to the implant during removal."”

The abutment-implant gap
is an important issue of the
conical  implant  system.
Gehrke et al** reported that

Chau-Hsiang Wang, DDS, MDS, PhD*®

ABSTRACT

Statement of problem. A unidiameter abutment attached to a large-diameter implant has been
reported to result in an unexpectedly high failure rate, inconsistent with the general
understanding of dental implant mechanics.

Purpose. The purpose of this finite element analysis study was to investigate the mechanical
mechanism underlying these unexpected failures with the hypothesis that the cold welding or
interference fit interface between abutment and implant increases the failure probability of a
large-diameter implant system with a unidiameter abutment.

Material and methods. A conical implant system with different abutment gingival heights and
implant diameters was analyzed for 3 contact conditions of the abutment-implant interface (bond
and frictional coefficients of 0.3 and 0.7). A computer model was created using computed
tomography images, and an oblique load of 100 N was applied to the abutment to determine the
mechanical effect of the implant diameter and gingival height under the 3 contact conditions.

Results. When the abutment-implant interface was bonded, the peak stress of the abutment
increased and that of the bone decreased with increasing implant diameter. When friction was
applied to the abutment-implant interface, the peak stress of the implant, screw, and bone
decreased with increasing implant diameter. Furthermore, the peak stress of the implant
system and bone increased when the abutment gingival height increased under all contact
conditions.

Conclusions. Cold wielding or interference fit at the abutment-implant interface can prevent a
screw fracture; however, it puts high stress on the unidiameter abutment neck when the implant
diameter is increased. Screw loosening may lead to a slide between the abutment and implant,
considerably increasing the stress of the screw. A system with a narrow diameter implant may
cause an implant fracture rather than an abutment fracture when friction is applied to the
abutment-implant interface. (J Prosthet Dent 2019;122:376-82)

high torque values in the conical internal connection
reduced the implant-abutment gap and ensured more
favorable sealing ability. However, a clinical review re-
ported that implant system failure caused by screw
loosening can be up to 6%.'> This loosening may increase
the microgap between the abutment and implant, in

which bacteria can accumulate.'>'” Since 1999, the
Morse taper design has been used to overcome possible
complications caused by the microgap in the conical in-
ternal connection.'® This design can increase friction
between the implant and abutment or even induce
cold welding to inhibit bacteria accumulation in the
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Clinical Implications

The high failure rate of the unidiameter abutment
with a large implant size is caused by cold welding
at the abutment-implant interface. Moreover, the
implant system may fracture when a high abutment
gingival height is used.

abutment-implant connection.”” Cold welding is a

bonding process in which 2 solids are forced to become a
single piece by exerting a high pressure without heat.?"
To simplify the surgery and prosthetic processes,
a unidiameter abutment design has been adopted by
several implant manufacturers. However, according to a
previous clinical report,®' the unidiameter abutment with
a large-diameter implant results in an unexpectedly high
failure rate, inconsistent with the general understanding
of dental implant mechanics.

In general, bending deformation is a key factor in
implant system failure.**** According to previous
studies, a larger diameter implant has better stability
than a smaller diameter implant to resist bending
deformation and create decreased bone stress.”>>’
Therefore, the purpose of this study was to investigate
the mechanical mechanism underlying the unexpected
failure of the implant system by using finite element (FE)
simulation. The research hypothesis was that the cold-
welding interface increases the failure probability of a
large-diameter implant system with a unidiameter
abutment.

MATERIAL AND METHODS

Images of the C-type implant system (Ankylos; Dentsply
Sirona) were obtained using a microcomputed tomog-
raphy (LCT) scanner (SkyScan 1076; Bruker MicroCT) as
shown in Figure 1A. The pCT parameters were as fol-
lows: resolution, 35 pm; kV/mA, 100/100; scanning
angle/rotation steps, 360/1 degree; and exposure time,
474 ms. The slice images of the implant system were
converted into a 3-dimensional model by using medical
imaging software (Avizo 3D Software; Thermo Fisher
Scientific). All material properties were assumed to be
isotropic and linear elastic (Table 1).*°*' FE models
included an abutment, abutment screw, implant, and
artificial bone block (Fig. 1B). The length of the implant
and the dimension of the bone block were constant in all
models. The implant was 11 mm in length, and the bone
block was 25 mm in length, 15 mm in width, and 20 mm
in depth. The cortical shell was assumed to have a ho-
mogeneous thickness of 2 mm (Fig. 1C). Two mechanical
factors, namely the implant diameter (D) (3.5, 4.5, 5.5,
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and 7 mm) and abutment gingival height (GH) (0.75, 1.5,
3, and 4.5 mm), and 3 contact conditions, namely the
bond and frictional coefficients of 0.3 and 0.7, were
considered to evaluate the stress of the implant system.
Both frictional coefficients were included with reference
to a previous study.”* Subsequently, computer-aided
design software (Creo Parametricc PTC) was used to
modify and assemble all the models according to these
factors. The configurations of all the models under
different contact conditions of the implant-abutment
interface are provided in Table 2.

FE software (ANSYS Workbench; ANSYS) was used
to establish mesh models and to conduct computation.
An oblique force of 100 N from the lingual side to the
buccal side was applied to the abutment with a 45-degree
inclination to the long axis of the implant. Frictionless
support was applied to the distal and mesial surfaces of
the cortical shell to compensate for the missing bone
structure. Moreover, the distal and mesial edges of the
cortical shell were fixed (Fig. 2). The implant-abutment
interface was bonded to simulate the cold-welding effect
exerted by the Morse taper design. Different frictional
coefficients were applied to the implant-abutment
interface to simulate different loosening degrees of the
abutment screw. The loading and boundary conditions of
the models are shown in Figure 2. The maximum prin-
cipal stress was used to evaluate the stress distribution of
the implant system, and the convergence test was per-
formed by increasing the abutment mesh until the
maximum principal stress of the abutment varied by less
than 5%. In the convergence model, the number of el-
ements was approximately 770000, and the number of
nodes was 460 000.

RESULTS

The peak stress of the implant system when the
abutment-implant interface was bonded is shown in
Table 3. The peak stress of the abutment increased
and that of the bone decreased with increasing D. In
addition, the peak stress of the whole implant system
and bone increased with increasing GH. The highest
stress of the abutment (604.6 MPa) and implant
(332.4 MPa) was located on the tension side of the
abutment neck in model 16. In addition, the highest
stress of the cortical bone and screw was found in
model 13, and the peak bone stress (65.9 MPa) was
located on the margin of the implant hole near the
gingival side. The peak stress of the screw was 83.1
MPa, which occurred on the screw body near the
abutment neck (Fig. 3).

The results for the peak stress of the implant system
when frictional coefficients of 0.3 and 0.7 were applied to
the abutment-implant interface are shown in Tables 4
and 5. Except for the abutment, the peak stress of the
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Figure 1. Structure of finite element model and bone block. A, Computed tomography image of abutment and implant. B, Mid-distal section of model.

C, Basic information of implant system.

Table 1. Material properties of models

Table 2. Configurations of all finite element models

Elastic Modulus Poisson
Material (MPa) Ratio (v) Reference
Titanium (implant, abutment, 110000 033 Eom et al*°
and screw)
Cortical bone 14000 0.3 Wang et al’’
Cancellous bone 1370 0.3 Wang et al*’

implant system and bone increased with a decrease in D.
Similarly, the peak stress of the implant system and bone
increased with increasing GH.

Regarding the stress of the implant system when the
frictional coefficients of 0.7 and 0.3 were applied to
the abutment-implant interface, the highest stress of
the implant systems was observed in model 13. Stress
values are listed in Tables 4 and 5. Changes in the
frictional coefficient did not alter the mechanism of the
implant system and bone, except for the implant. The
peak stress was located on the neck at the tension side
of the abutment, on the cortical-cancellous bone inter-
face for the bone, and on the tension side of the screw
(Fig. 4).

Regarding the stress distribution of the implant
when the frictional coefficient was 0.7, the peak stress
was found at the following 3 locations in different model
configurations: the bottom of the abutment-implant
interface on the tension side (BT), the top of the abut-
ment-implant interface on the mid-distal side (TMD),
and the top of the abutment-implant interface on the
compression side (TC). When the frictional coefficient
was 0.3, the peak stress of the implant was found at the
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Factors
Test Implant Gingival Contact Situations of
Number Diameter (mm) Height (mm) Implant-Abutment Interface
1 35 0.75 Three contact situations including
: s ors | bonctons soeiknt 03 o
3 55 0.75
4 7 0.75
5 35 15
6 4.5 15
7 5.5 1.5
8 7 15
9 35 3
10 4.5 3
1 5.5 3
12 7 3
13 35 4.5
14 4.5 4.5
15 55 4.5
16 7 4.5

same locations as in the model with a frictional coeffi-
cient of 0.7. Furthermore, one more location of the
maximum stress of the implant was observed on the
bottom of the abutment-implant interface on the
compression side (BC), as shown in Figure 5.

No marked differences were noted in the peak stress
values of the abutment, implant, or cortical bone when
different frictional coefficients were applied to the abut-
ment-implant interface. However, the peak stress of the
screw in the model with a frictional coefficient of 0.3 was
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Figure 2. Boundary condition and control factors. D, implant diameter;
GH, abutment gingival height.

Frictionless D Contact situation

higher by approximately 10% than that in the model with
a frictional coefficient of 0.7.

DISCUSSION

The results of this study supported the hypothesis that
the cold welding or interference fit interface between
abutment and implant increases the failure probability
of a large-diameter implant system with a unidiameter
abutment. The results of FE simulation revealed that D
was the dominant factor affecting the peak stress of the
cortical bone in all the models. This finding is consistent
with those of previous studies reporting that stress on
the bone decreased with an increase in D because the
large implant had larger second moments of area than
did the small implant to prevent bending deforma-
tion.”>*® Furthermore, this study indicated that
different contact conditions at the abutment-implant
interface caused different stress distribution of the
abutment. The peak stress of the abutment increased
with increasing D when the abutment-implant interface
was bonded, which is in agreement with the results of a
previous study.”* This finding is because the bonding
condition limits slide displacement between the abut-
ment and implant when the implant system endures a
load and enlarges the abutment deformation to
compensate for the slide displacement when D in-
creases. According to the previous study, the high tor-
que values in the conical internal connection reduced
the implant-abutment gap and ensured more favorable
sealing ability."* In other words, satisfactory sealing at
the implant-abutment interface can limit the slide
displacement of the abutment. Although the Morse
taper design is favorable for inhibiting bacteria accu-
mulation in the abutment-implant connection,'® the
result of this study showed that the unidiameter abut-
ment with a large implant may result in a crack or
fracture on the abutment neck when the abutment-
implant interface is bonded.

Chang et al

Table 3.Results of all finite element models when abutment-implant
interface bonded

Peak Principal Stress (MPa)

Model Number Abutment Implant Cortical Bone Screw
1 2893 149.8 371 517
2 308.1 155.8 214 50.2
3 309.9 156.7 19.0 50.7
4 3203 162.6 12.7 51.0
5 3783 174.0 442 54.9
6 4034 181.1 234 53.5
7 410.9 180.8 19.8 537
8 426.6 200.7 14.6 53.2
9 449.1 2689 54.2 67.9
10 489.2 2539 27.1 65.4
1 492.7 266.5 25.0 66.0
12 534.0 266.3 16.7 66.3
13 540.6 3304 65.9 83.1
14 588.2 3225 354 80.7
15 596.8 3225 285 81.3
16 604.6 3324 174 81.2

When friction is applied to the implant-abutment
interface, D affects the stress of the abutment screw and
implant rather than the stress of the abutment.
Although increasing D can slightly reduce the peak
stress of the abutment, the bending stress is dominated
by GH rather than D. Therefore, compared with that of
GH, the effect of D on the stress distribution of the
abutment is almost negligible. In addition, the stress of
the implant showed a trend of convergence when D was
increased from 3.5 to 7 mm under the same GH.
Because the wall of the implant neck is thinner in the
narrow implant than the wide implant, it may cause
structural deformation and magnify the high stress of
the narrow implant. A previous study indicated that the
wide implant can reduce the likelihood of all component
fractures in dental implant systems.*”

Bending deformation is a key factor in implant failure
and leads to high stress on implant systems and the
bone, particularly on the abutment neck, because the
initial contact point of the abutment neck is the fulcrum
for the bending load.?*** In the present study, the stress
of the implant system and bone increased by approxi-
mately 1.5 to 2 times when GH was increased under all
contact conditions. Therefore, the bone quality of pa-
tients must be carefully evaluated before placing the
implant when a conical abutment with a GH of 4.5 mm
is used.

In this study, changing the frictional coefficient
applied to the abutment-implant interface affected the
location of the peak stress of the implant and the stress
value of the screw. Under both frictional conditions, the
peak stress of the implant was found at BT, TMD, and
TC, which was caused by abutment rotation due to the
bending force. However, the peak stress of the implant
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Figure 3. Maximum principal stress of implant system when abutment-implant interface bonded.

Table 4. Results of all finite element models when frictional coefficient of
0.3 applied to abutment-implant interface

Table 5. Results of all finite element models when frictional coefficient of
0.7 applied to abutment-implant interface

Peak Principal Stress (MPa)

Peak Principal Stress (MPa)

Model Number Abutment Implant Cortical Bone Screw Model Number Abutment Implant Cortical Bone Screw
1 142.6 146.4 316 91.2 1 138.8 157.0 321 746
2 137.8 974 234 70.2 2 135.3 105.9 23.0 65.7
3 137.6 736 204 67.0 3 135.0 85.7 20.2 633
4 137.9 63.6 13.8 65.4 4 1351 82.2 136 623
5 144.8 204.5 346 100.8 5 139.5 208.7 355 879
6 141.0 101.4 252 84.6 6 137.2 1182 252 779
7 140.8 84.3 214 81.2 7 1371 94.8 211 749
8 1394 66.0 15.0 793 8 135.7 89.1 14.7 73.2
9 173.7 2728 393 1383 9 164.1 2736 40.4 1151

10 163.3 134.2 293 1131 10 156.3 146.8 29.2 101.9
11 161.1 104.9 26.9 109.1 11 1554 123.2 264 99.0
12 160.4 88.7 175 106.8 12 155.3 105.4 17.0 97.2
13 2226 351.1 45.2 183.4 13 2109 343.2 46.5 1415
14 209.7 1624 336 140.9 14 201.0 182.8 334 126.1

15 207.1 136.7 29.7 136.2 15 200.0 156.7 29.0 122.7
16 206.2 115.4 19.4 133.2 16 199.8 1342 18.8 1204

located on BC was found only in the model with a fric-
tional coefficient of 0.3. According to the friction equa-
tion, the axial displacement of the abutment increased
when the frictional coefficients of the abutment-implant
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interface decreased. This results in a high stress con-
centration at BC when the abutment undergoes defor-
mation. Although the frictional coefficients of the
abutment-implant interface could change the peak stress
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position of the implant in this study, the peak stress of all
implants was lower than that of the abutment, except for
the implant with a D of 3.5 mm. When friction was
applied to the abutment-implant interface, the stress of
the implant with a D of 3.5 mm was higher than that of
the other components; this may cause a fracture in the
implant body rather than in the other components when
the implant system is under an ultimate load. This result
is consistent with a previous study.'”

The peak stress of the screw occurred on the tension
side in all the models and increased with a decrease in
the frictional coefficient applied to the abutment-implant
interface. Furthermore, the stress of the screw increased
by approximately 2 times when the abutment-implant
interface changed from bond to friction; this resulted in
the stress of the screw being in the same order as that of
the abutment and implant. Although the stress of all
screws was lower than that of the abutment in this study,
screw fractures were reported in all cases of abutment
fractures in previous studies.”''?

This study has limitations. A conical abutment was
used to investigate stress distribution under various
factors and contact conditions. However, some of
the results of this study were obtained using only a
conical implant system with a unidiameter abutment. In

Chang et al
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Figure 4. Maximum principal stress of abutment, screw, and bone when abutment-implant interface assigned frictional coefficients of 0.7 and 0.3.
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Figure 5. Maximum stress of implant when abutment-implant
interface assigned frictional coefficients of 0.7 and 0.3. BC, bottom
of abutment-implant interface on compression side; BT, bottom
of abutment-implant interface on tension side; TC, top of
abutment-implant interface on compression side; TMD, top

of abutment-implant interface on mid-distal side.

addition, the varying crown geometry of different pa-
tients may weakly affect the stress distribution of the
implant system. However, to determine the mechanism
of the implant system without considering any individual
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factor, this study excluded the crown structure in all the
models.

CONCLUSIONS

Within the limitations of this FE analysis study, the
following conclusions were drawn:

1. Cold welding or interference fit at the abutment-
implant interface can prevent screw fracture; how-
ever, it can lead to a high stress concentration on the
unidiameter abutment when the diameter is
increased.

2. Screw loosening may lead to a slide between the
abutment and implant, which can considerably in-
crease the stress in the screw. This may lead to
screw fracture after an abutment fracture when the
implant system endures ultimate and cyclic loading.

3. When friction is applied to the abutment-implant
interface of an implant with a diameter of 3.5 mm,
an implant fracture rather than an abutment or
screw fracture may occur.

4. Gingival height is the dominant factor affecting the
peak stress of the implant system and bone. The
bone quality of patients must be carefully evaluated
before placing an implant when an abutment with a
high gingival height is used. Moreover, implant
diameter is the crucial factor affecting the stress of
the bone under all contact conditions, and the bone
stress decreases when the diameter is increased.
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