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i SUMMARY

Introduction. Although many previous studies have reported on the high success rate of short dental implants, prosthetic
design still plays an important role in the long-term implant treatment results. This study aims to evaluate stress distri-
bution characteristics involved with various prosthetic designs on standard implants or short implants in the posterior max-
illa.

Materials and methods. Six finite element models were simulated representing the missing first and second maxillary mo-
lars. A standard implant (PW+ implant: 5.0x10 mm) and a short implant (PW+ implant: 5.0x6.0 mm) were applied under
the various prosthetic conditions. The peri-implant maximum bone stress (V on mises stress) was evaluated when 200
N 30° oblique load was applied. A type Il bone was approximated and complete osseous integration was assumed.
Results. Maximum Von mises stress was numerically located at the cortical bone around the implant neck in all models.
In every standard implant model shows better stress distribution. Stress values and concentration area decreased in the
cortical and cancellous bone when implants were splinted in both the standard and short implant models. With regard to
the non-replacing second molar models found that the area of stress at the cortical bone around the first molar implant
to be more intensive. Moreover, in the non-replacing second molar models, the stress also spread to the second pre-mo-
lar in both the standard and short implant models.

Conclusions. The length of the implant and prosthetics designs both affect the stress value and distribution of stress to
the cortical and cancellous bones around the implant.

Key words: dental implants, stress distribution, implant prosthetic designs, PW plus implant.
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line with age and inversely with the number of

= Introduction occluding posterior teeth. After posterior tooth

loss, there are few treatment options for the re-
The loss of teeth may be the result of injury or placement of missing teeth, such as fixed or re-
disease and is considered an undesirable out- movable partial dentures. There have been re-
come. Masticatory efficacy decreases directly in ported by individuals of feeling less then satis-
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fied while wearing free-ending partial dentures
due to an insufficient level of retention, interfer-
ence in the ability to clearly pronounce words by
patients and esthetic outcomes (1). Therefore,
dental implants have become a preferred option
of treatment for the replacement of missing
teeth. Successful treatment outcomes using im-
plants have been reported for a decade. Because
of the high success rate and high masticatory ef-
ficacy, the use of dental implants is expected to
further expand in the near future.

After posterior maxillary tooth extraction,
pneumatization of the maxillary sinus can be re-
sulted. Arbel Sharan et al. reported that the infe-
rior expansion of the maxillary sinus floor be-
came larger following the extraction of teeth (2).
As a result of the pneumatization of the maxil-
lary sinus, an insufficient bone height of the pos-
terior maxilla has often been observed. The sur-
vival rate of patients who have received implants
after maxillary sinus floor elevation is high at
93.7% for the lateral window and 97.2% for
transalveolar approaches (3). Incidences of post-
operative complications from sinus membrane
perforation are relatively high. The incidence of
sinus membrane perforation can be as high as 7
to 58% (4). To avoid vital structural injuries and
vertical bone augmentation, the short dental im-
plant has been developed. The short implant may
in fact be a positive alternative procedure in
terms of an implant prosthetic treatment for pa-
tients with insufficient dimension of alveolar
ridges, which could also help reduce morbidity,
the complexity of the treatment procedure, as
well as the treatment time and cost. Recent sys-
tematic reviews and meta-analyses have shown
that short implants are associated with similar
implant success rates as to those of standard-
sized implants (5).

To improve the biomechanics of the implant,
splinting implants is done to connect the adja-
cent implant-supported crowns together (6). In-
dications for splinting implants is not specific;
however, some studies have reported that tech-
niques involving splinting multiple implants
were used when crown-to-implant ratios are un-
favorable or when the multiple implant was
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placed in poor quality bone, such as in type 3 or
4 bone quality (7). Based on clinical findings,
increasing the load transfer and reducing mar-
ginal bone loss are associated with splinting
dental implant (8).

However, there have only been a few studies that
have analyzed the stress and strain distribution
around short dental implants in terms of various
implant numbers and prosthetic designs. This
study simulates the situation of the missing first
and second maxillary molars while the opposing
teeth are part of a removable partial denture. The
purpose of this study was to evaluate the stress
and strain distribution characteristics of various
prosthetic designs with regard to the missing
first and second maxillary molars.

= Methods

Dental implants and
prostheses geometry

In this study, tapered implants (PW Plus®) 5 mm
in diameter and 10 mm in length, as standard im-
plants and 6 mm in length as short implants us-
ing implant straight abutment (PW Plus®) at 5
mm in diameter and a gingival height of 1.5 mm
were modeled and connected with fixed partial
dentures representing the first and second maxil-
lary molar that had been fabricated with full
metal crowns.

Model design

Maxillary posterior models with bone quality
type 3 were constructed (9). Models were used
to simulate a clinical situation in which the max-
illary first and second molars were missing.
Models were divided into six groups in order to
refer to situations where the maxillary second
molar would or would not be replaced. Group A,
as a control group, was composed of two stan-
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dard dental implants in which the maxillary first
and second molars were replaced. Group B was
composed of two standard dental implants, in
which the prosthetic parts were splinted (Figure
la, b). Groups C and D presented both maxillary
first and second molar replacement procedures
using short dental implants; one of them was a
prosthetic part that was splinted and the other
one was not (Figure 1c, d). Groups E and F mod-

els simulated situations where only the maxil-
lary first molar was replaced using a short dental
implant or a standard dental implant (Figures le,
1f). With regard to the prosthetics part, inter-
proximal contact of each crown was set at 8§ mi-
crons as the appropriate level of tightness ac-
cording to a number of previous studies (10). All
geometry components were scanned with a Mi-
croCT scanner (Scanco pCT 35 system, Scanco

a
——

C

e
Figure 1
Models used for simulation: a, standard dental implants replacing the 15t and 2" maxillary molars; b, Splinting standard implants
replacing the 1t and 2" maxillary molars; c, two short dental implants replacing the 1%t and 2" maxillary molars; d, two short den-
tal implants with splinting restorations replacing the 1%t and 2" maxillary molars; e, standard dental implants replacing only the 1st
maxillary molar; f, short dental implants replacing only the 15t maxillary molar.
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Medical AG) and images that were captured by
Digital Imaging and Communications in Medi-
cine (DICOM) were sent to CAM software
Solidworks 2006 (Solidworks® Corporation) for
design and formatting to Stereolithography
(STL).

= Material properties

In this study, all materials were assumed to be
isotropic, homogeneous, and linearly elastic.
Young modulus, Poisson ratio, and bone density
values that were obtained from previous studies
are listed in Table 1 (11-13). All interfaces be-
tween osteointegrated implants and the bone
were assumed to be in direct contact. Thus, no
friction occurred between the implant and the
bone interface or the implant and the abutment
connection.

= Elements and nodes

The elements were designed as brick shape and
the total number of elements for the implant is
shown in Table 2. The finest element size was
0.2 mm. In terms of the accuracy of the model
fine mesh nets, we performed a convergence test
in order to examine the proper number of ele-
ments.

Boundary and loading
conditions

All the models were restrained in all directions
on the mesial and distal border surfaces of the
bone block to simulate the clinical situation (14).
The applied force was 200 N in the axial and
non-axial direction with 30° of the vertical to
buccal cusp of every tooth in the model. Accord-
ing to Bozkaya et al., these forces may be con-
sidered a normal loading force (15).

Finite element analysis

The models were analyzed using ANSYS 5.7
software (ANSYS Inc.). The von Mises stress
and strain values were evaluated within the can-
cellous and cortical bones for the first and sec-
ond maxilary molar dental implants. The results
will eventually be analysed by clinicians. These
assessments were chosen because they take into
consideration local risk indicators of physiolog-

Table 2 - Number of elements and node of each model.
Model Elements Nodes

1 439279 101791

2 439279 101791

3 33573 79193

4 33573 79193

5 259338 60572

6 204881 48753

Table 1 - Material properties of the finite element models.

Component Description Modulus of elasticity (MPa) Poisson ratio
Implant and abutment™ Titanium grade 4 103.0 0.35
Abutment screw™ Ti-6Al-4V 113.0 0.35
Cancellous bone' Bone quality type 3 0.35
Cortical bone' Thickness 0.5 mm 13.0 0.30
Crown' Full Gold crown (Type 3) 100 0.35
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Table 3 - Maximum von Mises stress of six models.

Models Cortical bone (MPa) Cancellous bone (MPa)
A 42.39 8.03

B 36.22 7.73

C 59.96 7.55

D 50.10 6.97

E 32.64 5.11

F 40.43 4.89

ical bone failure and the activation of bone re-
sorption/deposition (16).

= Results

In this study, maximum von Mises stress was
generated in the cortical and cancellous bone
around the dental implants under 200 N 30° of
oblique loading forward to the buccal cusp. The
maximum von Mises stress of each model is
shown in Table 3 and was located around the
neck of the loaded implant in each model (Fig-
ure 2).

Standard implant vs short
implant models

Each standard implant model showed lower
stress values at the cortical bone and better stress
distribution in the cancellous bone, proportional-
ly when compared to the short implant models.
The characteristics of stress distribution were
found to be similar in both the standard and short
implant models (Figure 3).

Splinting vs non-splinting
models

For the splinting models, lower stress values and
better stress distribution values were recorded in

both the standard and short implant models.
Moreover, splinting also presented lower stress
values when spreading to the cortical bone
around the second premolar (Figures 4, 5).

Replacing vs non-replacing
second molar implants

Replacing only one molar in the standard im-
plant revealed lower stress values than a short
implant with the same stress distribution pattern
(Figure 6). In terms of replacing two molars,
higher stress values with lower stress concentra-
tion values at the neck of the implant of the first
molar implant region, while improved stress dis-
tribution values were observed in both the stan-
dard and short implant models (Figures 7, 8).

= Discussion

In this study, finite element models of maxilla
segment (bone type I1) were assumed with a rec-
tangle block containing natural teeth and im-
plant-abutment units as well as prostheses in
various designs. The models were thoroughly di-
vided into fine elements and nodes to gain the
most reliable result. With regard to the block de-
sign, the previous study by Teixeira et al. stated
that no differences were found in the stress val-
ues and distribution characteristics in the simu-
lated models or the whole human mandibular
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Figure 2
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Finite element models showing maximum von Mises stress located at the cortical bone around the implant neck of each model.

Model 3 .

Model 6

model (17), as long as the height of the bone was
sufficient. In terms of the applied force, the
oblique load was used to imitate the occlusal
force because the oblique load can produce a
greater amount of stress and strain, which is
harmful to the peri-implant tissue, while a large
segment of the masticatory force behaves like
the oblique force (18).

The six finite element models exhibited stress
that was transferred to the peri-implant bone and
this stress value was dependent on the length of
the implant and prosthetic design. Several stud-
ies have determined the factors that affect stress
distribution to the bone located around the im-
plant such as with the type of bone (19), the di-
ameter of the implant (16-20), the design of the
connection (21), as well as the material of the
framework, etc. (16). In this study we were only
concerned with the length of the implant and the
prosthetic design and found certain differences
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between the groups.

All models showed maximum von Mises stress
values appearing mainly at the cortical buccal
bone around the neck of the implant as a result
of an oblique load of 30° to buccal cusp; there-
fore, a reduction of the non-axial loading to the
implant is essential in maintaining biomechani-
cal stress distribution in the supporting bone
around the implant (22, 23).

Standard implant models revealed lower stress
values at 41% less than those of the short im-
plant models because the short implants were
comprised of less area that could dissipate the
tension (18). In agreement with the study of
Guan et al., it was found that the von Mises
stress value in the short dental implant was 2-3
times greater than that of the standard implant
(24). Therefore, occlusal overloading can cause
implant failure (25), especially in short implants
that are placed in the posterior region to support
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Maximum von Mises stress in the peri-implant bone of the standard and short implant models.
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stronger masticatory forces, greater para-func-
tional habits and are associated with unfavorable
crown to implant ratios (26). However, some
clinical studies have found that the length of the
implant had no effect on the survival rate of the
implant, while the loss in the amount of the mar-
ginal bone in both the standard implant and the
short implant were identical (27).

With regard to the splinting and non-splinting
implant models, the results showed that splinting
has a positive effect on the stress value and the
distribution characteristics. The stress value was
reduced by 17-20% for both the standard and
short implant models. Additionally, splinting de-
creased the maximum von Mises stress value
that was concentrated at the cortical bone around
the neck of the first molar implant, and splinting
also distributed the stress that was spread to the
second premolar. The rational for splinting is to
help distribute the functional load and reduce
peri-implant marginal bone loss that is caused by

overloading in poor bone quality areas, unfavor-
able crown to implant ratios, off-axis loading
implants, and is common in patients with para-
functional habits or short multiple implants (28).
Many studies have investigated the influence of
splitting which helps to improve stress distribu-
tion (29-32). In 2010, Tsung-Chien Yang et al.
evaluated the biomechanical performance and
compared the values of the splinting short im-
plant with a short implant compared with those
of the splinting short implant with a standard im-
plant (31). It was found that the strain value de-
creased significantly with an increase in the im-
plant diameter for both groups, while no signifi-
cant differences were found between the splint-
ing short implant with a short implant and the
splinting short implant with a standard implant.

However, some clinical studies have found sta-
tistically equivalent peri-implant marginal bone
loss in the splinting and non-splinting implants
(6, 10, 33, 34). Multiple non-splinting implants
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Figure 4

Maximum von Mises stress in the peri-implant bone of splinting and non-splinting standard implant models.
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have been successfully employed in many clini-
cal situations in an effort to gain optimal esthet-
ics and to reduce the problem of non-passive fit-
ting in the framework (6). Moreover, patients
with individual implants are more likely to
maintain proper oral hygiene, which is one of
the factors associated with peri-implantitis (7).

This study simulated the model of a non-replac-
ing second molar implant and found that by re-
placing only one molar with the standard im-
plant, a lower stress value was recorded and the
same pattern of stress distribution was revealed
as the short implant. In comparing the replacing
two molars, the replacing one molar presented a
lower stress value to the surrounding bone of the
implant, but the highest stress concentration val-
ue was recorded at the cortical bone around the
neck of the first molar implant. This finding is in
agreement with the study conducted by Agular
et al.; the results of the study of photo-clasticity
found that under the off-axis, the loading pres-
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ence of the second molar distal to an edentulous
area could reduce the stress in the supporting
simulated bone structure, especially with regard
to the load applied in the distal fossa of the first
molar (35).

Based on above discussion, the finite element
analysis involves a computerized in vitro study
that is superior to an in vivo test in the aspects of
repeatability and controllability in particular.
The finite element analysis is conducted for the
purposes of analyzing the influences of magni-
tude and the direction of the occlusal loading on
the stress distribution to the peri-implant bone
(36). Moreover, when using finite element
analysis, it is easier to manage the proper contact
tightness of the restoration that can affect the
stress distribution (11). Nonetheless, finite ele-
ment analysis may not completely imitate the re-
al clinical situation because the assumption of
complete osseointegration may not actually ap-
pear under actual clinical conditions. Additional-
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ly, functional loading might occur in multiple di-
rections in a clinical situation. Anisotropic, non-
homogenous and nonlinear responses of the
bone would also likely happen in the real clini-
cal situation.

O Conclusion

Within the limitations of this study, we found
that the length of the implant and the prosthetic
design enabled the researcher to determine that
the standard implant produced lower stress val-
ues and showed better stress distribution charac-
teristics. When the splint implants were applied
together, it resulted in reducing stress values in
both the standard and short implant models.
Moreover, splinting can diminish the amount of
stress that spreads from the implant to the adja-
cent natural tooth. The non-replacing second

molar implant revealed lower stress values, but
the replacing second molar implant could im-
prove in distributing the maximum stress value
that occurred at the cortical bone around the
neck of the first molar implant. However, the
prosthetic design is one of the essential factors
that affects implant biomechanics, while other
factors need to be considered as well. These
findings are of significant interest in validating
clinical studies in the future.
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Figure 8
Maximum von Mises stress in the peri-implant bone of the replaced and non-replaced second molar in the short implant models.

stored with splinted and nonsplinted restorations: a 5-
year prospective study. Int J Oral Maxillofac Implants.
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