
The purpose of this study was to evaluate different retention systems (cement- or 
screw-retained) and crown designs (non-splinted or splinted) of fixed implant-supported 
restorations, in terms of stress distributions in implants/components and bone tissue, 
by 3-dimensional (3D) finite element analysis. Four 3D models were simulated with the 
InVesalius, Rhinoceros 3D, and SolidWorks programs. Models were made of type III bone 
from the posterior maxillary area. Models included three 4.0-mm-diameter Morse taper 
(MT) implants with different lengths, which supported metal-ceramic crowns. Models 
were processed by the Femap and NeiNastran programs, using an axial force of 400 N 
and oblique force of 200 N. Results were visualized as the von Mises stress and maximum 
principal stress (σmax). Under axial loading, there was no difference in the distribution of 
stress in implants/components between retention systems and splinted crowns; however, 
in oblique loading, cemented prostheses showed better stress distribution than screwed 
prostheses, whereas splinted crowns tended to reduce stress in the implant of the first 
molar. In the bone tissue cemented prostheses showed better stress distribution in bone 
tissue than screwed prostheses under axial and oblique loading. The splinted design only 
had an effect in the screwed prosthesis, with no influence in the cemented prosthesis. 
Cemented prostheses on MT implants showed more favorable stress distributions in 
implants/components and bone tissue. Splinting was favorable for stress distribution 
only for screwed prostheses under oblique loading.
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Introduction
Rehabilitation with implant-supported fixed prostheses 

is a predictable modality to restore lost function and 
esthetics in partially or totally edentulous patients. 
Treatment longevity depends on the preservation of bone 
around the implant. Morse taper (MT) implants have shown 
high success rates with good bone preservation in implant-
supported restorations (1). This clinical performance can 
be explained by the reduced incidence of microgap and 
bacterial contamination (2). Furthermore, compared to 
other connections, the MT connection permits superior 
bone crest stability under axial and lateral loads (3).

The make decision about the use or not of splinted 
crowns is based on different factors such as: implant 
length, occlusion, hygiene, connection type and difficulty 
achieving a passively fitting framework (4). The maxillary 
posterior area after tooth loss often can limits the use of 
the longer implants. In these situations, short implants may 
be recommended with the aim of avoiding auxiliary surgical 
procedures (5). However, short implants may present greater 
risks when compared to implants with conventional lengths, 
especially when placed in the posterior region (6). Thus, 
the splinted crowns of short implants can be indicated in 

atrophic maxilla because transmit more uniform stress 
in structures with higher reduction of stress in the peri-
implant region (4). 

Different retention systems, such as screw- or cement-
retained systems, are available for implant-supported 
restorations. The retention system is chosen on the basis 
of the advantages and disadvantages of each system, as 
well as the clinician’s preference or clinical experience (7). 
Screw-retained prostheses have advantage of reversibility 
allowing maintenance mainly in multiple prostheses, 
predictable retention, lower biological risks, but it presents 
an unfavorable aesthetic, more difficulty in achieving stable 
occlusal contacts, as well as greater risks of mechanical 
complications. Cement-retained prosthesis has as main 
characteristic aesthetics, flexibility to correct implant 
position, occlusal table integrates, more likely to achieve 
passive fit, and ease fabricate and cost; however, there is no 
predictability regarding reversibility, show greater biological 
risks due to excess cement, need for a minimum of inter 
occlusal space for the abutment to allow retention of the 
crown (8). However, there is currently no consensus about 
the use of splinting or the best type of retention system for 
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fixed implant-supported restorations with MT connections. 
The aim of this study was to evaluate the influence 

of splinting and different retention systems in the MT 
connection. The null hypotheses were as follows: (1) there 
would be no difference in stress distribution between 
cement- and screw-retained implant-supported fixed 
restorations; and (2) there would be no difference in stress 
distribution between single-unit and splinted prostheses.

Materials and Methods
Experimental Design

This research was designed to consider three variation 
factors: the retention system (screw- or cement-retained), 
crown design (non-splinted or splinted) and loading 
condition (axial and oblique). Four models were created 
to test these factors (Table 1).

3D Finite Element Modeling
The 3D finite element analysis (FEA) methodology used 

here follows that of previous studies (3,9). Each model was 
composed of a bone block of the maxillary area of the first 
premolar to first molar, with trabecular bone in the center 
surrounded by 1 mm of cortical bone. Information for the 
bone block was obtained by computerized tomography 
(sagittal section) of the region. Modeling was performed 
with InVesalius software (CTI Renato Archer, Campinas, 
SP, Brazil) and surface simplification with Rhinoceros 4.0 
software (NURBS Modeling for Windows, Seattle, WA, USA). 

The implant design was a simplified version of the 
original 1-connection MT design (Morse taper - Torq, 
Conexão Sistemas de Prótese Ltda, Aruja, SP, Brazil). The 
MT implant measured 4 mm in diameter and 10, 8.5, and 
7 mm in length for the first premolar, second premolar 
and first molar, respectively. A prosthetic UCLA-indexed 
abutment of Co-Cr was used for both retention systems. MT 
implants were simulated with 1-mm subcrestal placement. 

The crown design was obtained from an artificial 
mandibular molar tooth (Odontofix Indústria e Comércio 
de Material Odontológico Ltda., Ribeirão Preto, SP, Brazil) 

and digitized by using a 3D scanner (MDX-20; Roland DG, 
São Paulo SP, Brazil). Images were exported to Rhinoceros 
4.0 CAD software for modeling. Occlusal surface details 
were added with the SolidWorks CAD software package 
(SolidWorks Corp, Waltham, MA, USA). Implant-supported 
crowns were simulated with a screw or cement connection 
to the MT implant. The cement layer was 50-µm-thick 
zinc phosphate cement. Crowns were designed as single-
unit (non-splinted) or splinted crowns. All implant and 
abutment designs were simplified by using SolidWorks 
and Rhinoceros 4.0 software packages. Simplified designs 
maintained similarity to the real models (Fig. 1).

After modeling the solids, geometries were exported 
to FEA software for pre- and post-processing (FEMAP 
11.2, Siemens PLM, Santa Ana, CA, USA), to obtain 
tetrahedral parabolic solid elements with 10 nodes used 
for mesh generation for all involved structures. Mechanical 
properties of each simulated material were attributed to 
the meshes by using literature values (10-12) (Table 2). 
All materials were assumed to be homogeneous, isotropic 
and linearly elastic.

Interface, Boundary Conditions and Loadings
All contacts were simulated as symmetric welds, except 

for the abutment/implant and single-unit crown contacts 
that were simulated by symmetric contacts. Axes (x, y and 
z) were fixed in both bone block sections (cortical and 
trabecular). All other model surfaces were unrestricted. 
The non-linear applied axial force was 400 N (100 N for 
both premolars and 200 N for the first molar) at a point 
determined on the tip of each cusp. The non-linear oblique 
load was 200 N (50 N for both premolars and 100 N for 
first molar), suppressing the lingual cusps (Fig. 1).

Criteria for Stress Analyses
Models generated in FEMAP 11.2 were exported to the 

NeiNastran 11.0 software package (Noran Engineering, Inc., 
Westminster, CA, USA). After the analytical problems were 

Table 1. Specifications of the models of Morse taper connection 
implants with lengths of 10 mm (1st premolar), 8.5 mm (2nd premolar) 
and 7 mm (1st molar).

Models
Fixation 
system

Crowns Nodes/Elements

Model 1 (M1) Screw-
retained

Single-unit 2125693/758893

Model 2 (M2) Splinted 2169216/787377

Model 3 (M3) Cement-
retained

Single-unit 1886171/983572

Model 4 (M4) Splinted 1904817/996376

Table 2. Mechanical properties of the simulated materials

Material
Elastic 

Modulous 
(GPa)

Poisson 
ratio
(ν)

References

Trabecular bone tissue 1.37 0.30 [8]

Cortical bone tissue 13.7 0.30 [8]

Titanium (Implant) 110.0 0.33 [9]

Cr-Co Alloy (Abument) 218.0 0.33 [9]

Feldspathic Ceramic 82.8 0.35 [3]

Zinc phosphate cement 22.4 0.35 [10]
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solved, the models were imported to the FEA software to 
plot maps of the stresses in units of mega-Pascal (MPa). Von 
Mises stress analysis was used for implant and prosthetic 
components (ductile materials). Maximum principal stress 
(σmax) was used for bone tissue (friable materials), and are 
distinguished between tensile stresses (positive values) and 
compressive stresses (negative values) (3).

Results
Von Mises Stress Analysis of Implants/Abutments

Under axial loading, no differences in the stress 
distributions of implants/components were observed. Under 
oblique loading, greater stress concentration was observed 
compared to axial loading. Compared to screw-retained 
prostheses (M1, M2), cement-retained prostheses (M3, M4) 

Figure 1. Schematic view of simulated solid and meshes of structures with analyzed structures, load conditions and restrictions.

Figure 2. Von Mises maps to stress distribution on implant/components. 
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Figure 3. Maximum principal stress maps of distribution on cortical and trabecular bone tissue. 

Figure 4. Stress values (MPa) in maximum principal stress (σmax) on cortical bone tissue under axial and oblique loading.

showed better stress distribution in implants/components, 
regardless of the type of crown. Splinted crowns (M2, M4) 
favored stress distribution, especially in the first molar 
region (Fig. 2).

Maximum Principal Stress Analysis of Bone Tissue
Axial loading, similar levels of tensile and compressive 

stresses in cortical bone were obtained for the first and 
second premolars. The first molar showed higher tensile 
stress in all models, with greater concentration of stress 
for screw-retained prostheses (M1, M2) compared to 
cemented prostheses (M3, M4). No difference was found 
for the splinted crown design for both retention systems 
(Figs. 3 and 4). Under oblique loading, cemented prostheses 
(M3, M4) showed better stress distribution than screwed 
prostheses (M1, M2). The splinted crown was favorable to 

stress distribution only for the screwed prosthesis, with 
no difference for the cemented prosthesis (Figs. 3 and 4).

Discussion
MT implants present better biomechanical properties 

than other connections (3), favoring long-term bone 
preservation (1). The internal conical connection provides 
better dissipation of tension, due to the high stability of the 
MT connection (13). In this report, the first null hypothesis 
was rejected. Differences were found between retention 
systems, with cemented prostheses showing better stress 
distribution. These results corroborate those of other studies 
reporting the superiority of cemented systems compared 
to screwed prostheses (14,15). 

There are different theories to explain the better 
biomechanical behavior of cemented prostheses. For 
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example, it has been proposed that the screw access hole 
helps to transfer stress off the long axis of the implant, 
and that different restorative materials can transfer 
occlusal loads laterally to the implant instead of axially 
(7). The cement also may be better at filling discrepancies, 
absorbing and equalizing the stress of deformations 
caused by contact between the abutment and implant in 
the prosthesis structure (16). These factors can contribute 
to fixation screw of screwed prosthesis present stress 
overload in the structure, which contributes to greater 
complication rates can explain the frequent failures (e.g. 
screw loosening or fracture) that are observed in screwed 
prostheses (7,15,17). The high risk in the screw-retained 
prosthesis can be related to lower preload in the screw 
with displacement (penetration and gaps) higher and 
concentrated on the threads of the screw/or abutment 
when compared to cement-retained (15). This difference 
can be even greater when use a one-piece abutment for 
cemented prostheses (3), since the type of abutment can 
influence biomechanical behavior (18). Thus, to eliminate 
the possibility of bias, the same abutment (UCLA casting 
in Co-Cr) was considered for both retention systems. The 
results of this study reinforce the notion that cemented 
prostheses on MT implants may be clinically indicated, as 
they have a greater chance of bone preservation when 
compared to screwed prostheses. 

The second null hypothesis of this study was also 
rejected. Different stress distributions were observed in 
the implants/components for the splinted crowns on 
both retention systems. In the bone tissue was observed 
difference for splinted compared to non-splinted crowns 
for the screwed prostheses under oblique loading. Similarly, 
other studies reported that splinting favors a reduction 
in stress in the implants/components and, consequently, 
bone tissue, especially for screwed prostheses under 
oblique loading (19,20). Splinting favors the sharing of 
stress between implants, because a rigid structure acts to 
unite the crowns (20). The larger load in the molar area is 
due to a greater occlusal table over a short implant. Short 
implants are recommended for maxillary posterior region 
(molar) due to poor availability of bone tissue; however, 
short implants are more susceptible to failures rates than 
conventional implants (6). Thus, the splinting of short 
implants with implants of longer length is indicated in 
these situations (4). Splinted crowns help to distribute 
the stress between the splinted implants. In this study 
the increase in stress in implants placed in the premolar 
area after splinting prostheses is not harmful, since these 
implants show greater length, and the increased length of 
the implant favors to stress distribution on the bone tissue 
(21). So, the splinting of short implants with implants of 
longer length is indicated in these situations (20).

The difference in stress with splinting was observed only 
for the screwed prostheses. This finding is consistent with 
the study of Yilmaz et al. (22) which found no influence of 
splinting for cemented prostheses. Thus, in cases where a 
cemented prosthesis is used, a single-unit prosthesis should 
be preferred. This non-splinted crowns allows ease of access 
in the interproximal region, favoring patient hygiene (23) 
and adaptation to the prosthesis, with increased quality 
of life (24).

All of the models analyzed in this study showed peri-
implant areas of compressive and tensile stresses that 
were within physiological limits described in the literature 
of ultimate strength of cortical bone (7276 MPa for 
tensile stress, 140-170 MPa for compressive stress) (25). 
FEA is a useful tool for evaluating preclinical situations 
and determining the stress distribution in individualized 
structures (3,9,11). One of the limitations present in 
this study was the use of symmetric contacts instead of 
frictional contacts for the analyzed structures, because this 
contact demanding on the computational capacity of high-
performance in these complex models. Thus, the results from 
FEA studies permit a better understanding of biomechanical 
behavior; however, these inherent limitations of FEA must 
be kept in mind and should be carefully extrapolated to 
the clinic. Thus, when combined with well-designed clinical 
studies, the results in this paper could serve as a guideline 
for implant dentistry, but controlled clinical studies should 
be conducted to verify the biomechanical effects clinically. 
Within the limitations of this study, cemented prostheses on 
MT implants had more favorable stress distributions in the 
implants/components and bone tissue. However, splinting 
improved the stress distribution only in screwed prostheses 
on MT implants under oblique loading.

Resumo 
O objetivo deste estudo foi avaliar diferentes sistemas de retenção 
(cimentada x parafusada) e configuração da coroas (unitárias x 
esplintadas) de próteses fixas implantossuportadas em relação a 
distribuição de tensões nos implantes/componentes e tecido ósseo pela 
análise de elementos finitos 3D. Quatro modelos 3D foram simulados 
com auxílio dos programas Invesalius, e Rhinoceros 3D, e SolidWorks. 
Os modelos foram confeccionados simulando bloco ósseo de região 
posterior da maxila (tipo ósseo III), com 3 implantes cone Morse com 
4,0 mm de diâmetro e diferentes comprimentos, suportando prótese 
metalocerâmica de 3 elementos. Os modelos foram processados pelos 
programas FEMAP e NEiNastran sob força axial de 400 N e oblíqua de 
200N. Os resultados foram plotados através de mapas de tensão de von 
Mises (vM) (implantes e componentes) e tensão máxima principal (TMP) 
(tecido ósseo). Sobre o carregamento axial, não foi observada diferenças 
entre os diferentes sistemas de retenção e tipo de prótese na distribuição 
das tensões nos implantes/componentes, porém, sobre o carregamento 
oblíquo as próteses cimentadas apresentaram melhor distribuição de 
tensões em comparação com as próteses parafusadas, enquanto que as 
próteses esplintadas apresentou uma tendência de redução das tensões 
no implante do primeiro molar. No tecido ósseo as próteses cimentadas 
apresentaram melhor distribuição das tensões em comparação com as 
próteses parafusadas, independente do carregamento. A esplintagem foi 
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favorável somente para as próteses parafusadas, não havendo influência 
sobre as próteses cimentadas. As próteses cimentadas sobre implantes cone 
Morse apresentam melhor comportamento biomecânico nos implantes/
componentes e tecido ósseo. A esplintagem foi efetiva somente nas 
próteses parafusadas sob carregamento oblíquo.
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