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The aim of this study was to evaluate stress distribution in the implants/components and bone tissue for splinted and nonsplinted
prostheses with different lengths of implants using three-dimensional finite element analysis. Six models from the posterior
macxillary area were used in simulations. Each model simulated three Morse taper implants of 4.0 mm diameter with different
lengths, which supported metal-ceramic crowns. An axial load of 400 N and an oblique load of 200N were used as loading
conditions. Splinted prostheses exhibited better stress distribution for the implants/components, whereas nonsplinted prostheses
exhibited higher stress in the first molar under axial/oblique loading. Implant length did not influence stress distribution in the
implants/components. In cortical bone tissue, splinted prostheses decreased the tensile stress in the first molar, whereas
nonsplinted prostheses were subjected to higher tensile stress in the first molar; implant length had no influence on stress
distribution. Within the limitations of this study, we conclude that splinted prostheses contributed to better stress distribution in
the implant/abutment and cortical bone tissue; however, the reduction in the implant length did not influence the
stress distribution.

1. Introduction

Dental implants are considered to be a predictable treatment
option for rehabilitation of edentulous patients and have
demonstrated high success rates, reestablishing masticatory
function and aesthetics [1]. Maintenance of bone tissue
around the implant, however, is still considered to be
a significant challenge, primarily for implants placed in
atrophic maxillary posterior regions [2].

Generally, the available bone tissue present in this area is
insufficient for the placement of longer implants [3]. In these

cases, supplementary surgical procedures, such as maxillary
sinus augmentation, have been suggested for placement of
dental implants [4]. However, this surgery is associated with
a higher risk for surgical complications, morbidity, and
a higher cost of treatment [5]. Therefore, short implants are
considered to be a simple and effective rehabilitation al-
ternative in cases of limited bone quantity in the maxillary
posterior region [5].

Some studies have reported that short implants exhibit
unfavorable biomechanical behavior compared with stan-
dard implants [6], leading to a lower survival rate for short
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implants [3]. However, some authors have suggested the
splinting of short implants with longer implants to reduce
biomechanical risks [7]. This may contribute to increasing
the survival rate of short implants when placed in the
maxillary posterior region [8]. However, no consensus has
been reached because some studies have reported that
splinted prostheses do not influence the stress distribution
when compared with nonsplinted prostheses [9, 10].

Accordingly, the present study aimed at evaluating the
stress distribution on implant/abutment and bone tissue
in terms of splinted crowns with different lengths of
Morse taper implants in fixed implant-supported pros-
theses. The null hypotheses were as follows: splinted and
nonsplinted crowns have similar stress distribution on
implant/abutments and bone tissue, and there are no
differences in the stress distribution in terms of different
lengths of Morse taper implants.

2. Materials and Methods

This research was developed considering three factors:
crown design (nonsplinted or splinted crowns), implant
length (11.5; 10; 8.5, and 7 mm), and loading (axial and
oblique). Six models were used in simulations (Table 1).
Each model simulated a bone block of the maxillary pos-
terior region (right first premolar to right first molar), with
trabecular bone surrounded by a 1 mm cortical bone layer
obtained using InVesalius software (CTI Renato Archer,
Campinas, SP, Brazil) and surface simplification with Rhi-
noceros 3D 4.0 software (NURBS Modeling for Windows,
Seattle, WA, USA).

The implant design was obtained by simplification of the
original design of the Morse taper implant (Torq, Conexao
Sistemas de Protese Ltda, Aruja, SP, Brazil), measuring
4mm in diameter and implant lengths of 11.5, 10, 8.5, and
7mm. All Morse taper implants were simulated with 1 mm
subcrestal placement. The crown designs were obtained from
an artificial tooth (Odontofix Industria e Comércio de
Material Odontolégico Ltda., Ribeirdo Preto, SP, Brazil)
using a 3D scanner (MDX-20; Roland DG, Séo Paulo SP,
Brazil). The designs were exported to Rhinoceros 4.0 CAD
software for simplification and modeling. The implant-
supported crowns were simulated using a cement connec-
tion, with a cement layer thickness of 50 ym and variation of
splinted and nonsplinted crowns. The indexed abutment
used was the universal long-cast abutment (UCLA), which
was simplified using Rhinoceros 4.0 software while main-
taining similarity to the original abutment (Figure 1).

After modeling, all geometries were exported to dis-
cretization in the finite element software FEMAP 11.2
(Siemens PLM Software Inc., Santa Ana, CA, USA) for
preprocessing to obtain meshes of tetrahedral parabolic solid
elements for all structures. The mechanical properties of
each simulated material were attributed to the meshes using
values established in previous studies (Table 2) [11-14]. All
materials were considered isotropic, homogeneous, and
linearly elastic.

For this study, symmetrical welds were considered for all
contacts, except for the abutment/implant contact and
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interproximal crowns of nonsplinted models, for which
symmetric contact was simulated. Boundary conditions
were fixed in the x, y, and z axes, simulating fixation of the
maxilla (cortical and trabecular), whereas all other model
surfaces were unrestricted. The nonlinear applied force was
400 N axially, with 50 N for each internal slope of the cusps,
and 200 N obliquely, with 50 N at each lingual internal slope
of the cusps (Figure 1).

All models were exported to the NeiNastran 11.0 soft-
ware (Noran Engineering Inc., Westminster, CA, USA). The
processing analysis was performed using a workstation
(Hewlett-Packard Development Co) with the following
characteristics: Intel Xeon Processor X3470, 16 GB RAM,
and 2 TB of storage. Results were exported to FEA software
(FEMAP v11.1.2; Siemens PLM Software Inc) to create maps
of stress on implant/abutment/crown and bone tissue. Von
Mises analysis was used to assess the stress distribution in
implant/abutment/crown, whereas the cortical bone tissue
was evaluated using maximum principal stress and are
distinguished between tensile stresses (positive values) and
compressive stresses (negative values). The unit of mea-
surement for both analyses in the present study was meg-
apascals (MPa) [15, 16].

3. Results

3.1. Von Mises Stress (Implants/Abutment/Crown). Under
axial loading, nonsplinted crowns exhibited higher stress
concentration on mesial of the first molar abutment,
whereas splinted crowns contributed to share the stress
between the implants, decreasing the stress in the mesial but
increasing the stress in the distal abutment of the first molar.
Furthermore, the stress distribution in splinted crowns was
concentrated throughout the implant, whereas in the
nonsplinted crowns, the stress was concentrated in the
cervical area. No differences between implant lengths were
observed, regardless of crown design (Figure 2).

Under oblique loading, the splinted crowns contributed
to a decrease in stress in the abutment and cervical/middle
region of the implant in the first molar region when
compared with nonsplinted crowns; however, the length of
the implants did not influence the stress distribution
(Figure 3).

3.2. Maximum Principal Stress (Cortical Bone Tissue). The
axial loading showed less tensile stress on cortical bone
tissue, mainly in the first molar region when compared with
oblique loading. The splinted crowns contributed to stress
distribution, decreasing tensile stress in the first molar re-
gion; however, a slight increase in tensile stress on the
second premolar region was observed when compared with
nonsplinted crowns. In the oblique loading, the splinted
crowns reduced tensile stress in the first molar region when
compared with nonsplinted crowns. Regarding the length of
implants, no difference in the stress distribution on cortical
bone tissue was noticed, independent of loading conditions
(Figure 4).
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TaBLE 1: Specifications of the models.

Models Implant

Crown design

Length of implants Nodes/elements

Model A
Model B
Model C
Morse taper (@ 4.0 mm)
Model D

Model E

Model F

Nonsplinted

Splinted

11.5mm (1° PM)
10mm (2° PM)
10mm (1° M)
10mm (1° PM)
8.5mm (2° PM)
8.5mm (1° M)
10mm (1° PM)
8.5mm (2° PM)
7mm (1° M)
11.5mm (1° PM)
10mm (2° PM)
10mm (1° M)
10mm (1° PM)
8.5mm (2° PM)
8.5mm (1° M)
10mm (1° PM)
8.5mm (2° PM)
7mm (1° M)

1970105/1049429

1909453/999937

1886171/983572

1988751/1062241

1928099/1012749

1904817/996376

M Axial
l Oblique (45°)
M Constraints

FI1GURE 1: Schematic view of meshes of structures, load conditions, and restrictions. (A) 3D model; (B) cortical bone of maxillary sinus; (C)
cortical bone; (D) trabecular bone; (E) Morse taper implants; (F) abutment with screw fixation; (G) cement; (H) framework of nonsplinted
prosthesis; (I) framework of splinted prosthesis; (J) crown of nonsplinted prosthesis; (K) crown of splinted prosthesis.

4. Discussion

This study assessed the effect of splinted crowns and implant
length of Morse taper because this connection type exhibits
better biomechanical behavior than other connections
[17, 18], contributing to bone preservation [19, 20] and lower
complications rates [21]. Furthermore, cemented crowns
were simulated in this study because they exhibit better
biomechanical behavior with Morse taper implants [16] and
contribute to greater preservation of the bone tissue,
compared with the screwed crown [22].

The first null hypothesis in this study was rejected be-
cause a reduction in the stress distribution on
implant/abutments and bone tissue for splinted crowns was
observed. These results are consistent with that of previous
studies, which also reported that splinted crowns improve

the sharing of stress with adjacent implants in other im-
plants connections [7, 23]. The advantage of splinted
crowns in sharing stress with other implants may be
explained by the rigid union of components, thus enabling
the stress distribution between implants [7]. This may
contribute to decreasing the stress on implants that are
subject to high masticatory forces, such as those placed in
the molar region. The higher stress in the molar may be
attributed to increases in the occlusal table with four cusps
[16]. In this context, the splinted crowns of implants with
a greater occlusal table is recommended because it may
promote better stress distribution, thus decreasing the
complication rates such as loosening/fracture screw fixa-
tion and abutment [7], and the risk for resorption of
cortical bone tissue [8], in the maxillary posterior region,
which exhibit higher risk of implant failure [24].
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TaBLE 2: Mechanical properties of the simulated materials.
Structures Modulus of elasticity (GPa) Poisson ratio (v) Reference

Trabecular bone 1.37 0.30 [11]
Cortical bone 13.7 0.30 [12]
Titanium (implant and abutment) 110.0 0.35 [12]
Metal alloy 206.0 0.33 [13]
Feldspathic porcelain 82.8 0.35 [14]
Zinc phosphate cement 224 0.35 [13]
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FIGURE 2: The von Mises stress distribution on implant/abutment in the axial loading. (A) Nonsplinted with 11.5 mm, 10 mm, and 10 mm;
(B) nonsplinted with 10 mm, 8.5 mm, and 8.5 mm; (C) nonsplinted with 10 mm, 8.5 mm, and 7 mm; (D) splinted with 11.5 mm, 10 mm, and
10 mmy; (E) splinted with 10 mm, 8.5 mm, and 8.5 mm; (F) splinted with 10 mm, 8.5mm, and 7 mm).

Although a difference in stress distribution was observed
for splinted crowns, this difference was subtler for bone
tissue, and this may have been influenced by an internal
connection system that provides better dissipation of ten-
sions due to the high connection stability [18, 25], in-
dependent of the crown design. Clelland et al. [26] reported
that splinted crowns did not exhibit significant differences
when compared with the nonsplinted implants; however,
splinted crowns contributed to more uniform distribution of
stresses. Thus, indications for nonsplinted cemented crowns
under Morse taper implants are also feasible due to easy
access in the interproximal area, enabling better hygiene [27]
and patient adaption, which in turn positively contribute to
improve the quality of life [28].

Regarding the length of the implants, no significant
difference was observed in stress distribution, especially in
the first molar region with the greater variation in length (10,
8.5, and 7mm). Thus, the second null hypothesis was ac-
cepted. Some factors may contribute to similarity in stress in
short implants compared with standard implants, such as

the implant connection used [17, 18], cemented crowns
[22, 29], and subcrestal implants [30] which may contribute
to the reduction of stress on the structures. Furthermore, the
differences in the implants length were small (11.5, 10, 8.5,
and 7mm). Thus, further studies investigating extra-short
implants (< 7 mm) is recommended because lower survival
rates for extra-short implants, compared with longer-length
implants, have been reported [3].

Although there is a difference in the stress distribution of
splinted crowns when compared with that for nonsplinted
crowns in implant/abutments and bone tissue, this differ-
ence does not exceed the theoretical limits of stresses for
dental implants and bone tissue established in the literature
[18, 31]. Thus, both crown designs may be recommended for
clinicians.

Finite element analysis has been considered in bio-
mechanical studies to verify variables not yet consolidated by
clinical studies; however, it has limitations because it is
a computational analysis [18]. This type of analysis favors
the biomechanical understanding of structures in an
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FIGURE 3: The von Mises stress distribution on implant/abutment in the oblique loading. (A) Nonsplinted with 11.5mm, 10 mm, and
10 mm; (B) nonsplinted with 10 mm, 8.5 mm, and 8.5 mm; (C) nonsplinted with 10 mm, 8.5 mm, and 7 mm; (D) splinted with 11.5 mm,
10 mm, and 10 mm; (E) splinted with 10 mm, 8.5mm, and 8.5 mm; (F) splinted with 10 mm, 8.5 mm, and 7 mm).
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FIGURE 4: Superior view of maximum principal stress in the cortical bone tissue under axial and oblique loading. (A) Nonsplinted with
11.5mm, 10 mm, and 10 mm; (B) nonsplinted with 10 mm, 8.5 mm, and 8.5 mm; (C) nonsplinted with 10 mm, 8.5 mm, and 7 mm; (D)
splinted with 11.5 mm, 10 mm, and 10 mm; (E) splinted with 10 mm, 8.5 mm, and 8.5 mm; (F) splinted with 10 mm, 8.5 mm, and 7 mm).

individualized manner, which may be used to investigate  this analysis may be cautiously extrapolated to the clinic
important structures for the longevity of treatment in  [32] and subsequently used to complement future ran-
dental implant/abutments and bone tissue. The results of =~ domized trials.



5. Conclusion

Within the limitations of this study, it may be concluded that
splinted crowns favor the stress distribution by reducing the
stress in the implant/abutment and cortical bone tissue.
However, the reductions in the implant length did not in-
fluence the stress distribution.
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Conflicts of Interest

No potential conflict of interest was reported by the authors.

Acknowledgments

The authors would like to express gratitude to Conexdo
Sistemas de Protese, Aruja, Sao Paulo, Brazil. This study was
supported by Sdo Paulo Research Foundation-Scholarship
(FAPESP), Grant no. 2014/02490-8.

References

[1] H. Bilhan, O. Kutay, S. Arat, A. Cekici, and M. C. Cehreli,
“Astra Tech, Branemark, and ITI implants in the re-
habilitation of partial edentulism: two-year results,” Implant
Dentistry, vol. 19, no. 5, pp. 437-446, 2010.

[2] M. C. Goiato, D. M. dos Santos, J. F. Santiago, A. Moreno, and
E. P. Pellizzer, “Longevity of dental implants in type IV bone:
a systematic review,” International Journal of Oral and
Maxillofacial Surgery, vol. 43, no. 9, pp. 1108-1116, 2014.

[3] C. A. Lemos, M. L. Ferro-Alves, R. Okamoto,
M. R. Mendonca, and E. P. Pellizzer, “Short dental implants
versus standard dental implants placed in the posterior jaws:
a systematic review and meta-analysis,” Journal of Dentistry,
vol. 47, pp. 8-17, 2016.

[4] M. Esposito, P. Felice, and H. V. Worthington, “Interventions
for replacing missing teeth: augmentation procedures of the
maxillary sinus,” Cochrane Database of Systematic Reviews,
vol. 13, no. 5, article CD008397, 2014.

[5] T. Fan, Y. Li, W. W. Deng, T. Wu, and W. Zhang, “Short
implants (5 to 8 mm) versus longer implants (>8 mm) with
sinus lifting in atrophic posterior maxilla: a meta-analysis of
Rets,” Clinical Implant Dentistry and Related Research, vol. 19,
no. 1, pp. 207-215, 2016.

[6] I. Hasan, F. Heinemann, M. Aitlahrach, and C. Bourauel,
“Biomechanical finite element analysis of small diameter and
short dental implant,” Biomedizinische Technik/Biomedical
Engineering, vol. 55, no. 6, pp. 341-350, 2010.

[7] E. P. Pellizzer, C. C. Mello, J. F. Santiago Junior,
V. E. de Souza Batista, D. A. Faria Almeida, and F. R. Verri,
“Analysis of the biomechanical behavior of short implants: the
photo-elasticity method,” Materials Science Engineering C
Mater Biological Applications, vol. 55, pp. 187-192, 2015.

[8] J. A. Mendonca, C. E. Francischone, P. M. Senna, A. E. Matos
de Oliveira, and B. S. Sotto-Maior, “A retrospective evaluation
of the survival rates of splinted and non-splinted short dental
implants in posterior partially edentulous jaws,” Journal of
Periodontology, vol. 85, no. 6, pp. 787-794, 2014.

Journal of Healthcare Engineering

[9] B. Yilmaz, J. Mess, J. Seidt, and N. L. Clelland, “Strain
comparisons for splinted and nonsplinted cement-retained
implant crowns,” International Journal of Prosthodontics,
vol. 26, no. 3, pp. 235-238, 2013.

[10] J. Nissan, O. Ghelfan, M. Gross, and G. Chaushu, “Analysis of
load transfer and stress distribution by splinted and
unsplinted implant-supported fixed cemented restorations,”
Journal of Oral Rehabilitation, vol. 37, no. 9, pp. 658-662,
2010.

[11] M. Sevimay, F. Turhan, M. A. Kilicarslan, and
G. Eskitascioglu, “Three-dimensional finite element analysis
of the effect of different bone quality on stress distribution in
an implant-supported crown,” Journal of Prosthetic Dentistry,
vol. 93, no. 3, pp. 227-234, 2005.

[12] A. Sertgoz, “Finite element analysis study of the effect of
superstructure material on stress distribution in an implant-
supported fixed prosthesis,” International Journal of Pros-
thodontics, vol. 10, no. 1, pp. 19-27, 1997.

[13] K.J. Anusavice and B. Hojjatie, “Stress distribution in metal-
ceramic crowns with a facial porcelain margin,” Journal of
Dental Research, vol. 66, no. 9, pp. 1493-1498, 1987.

[14] O. Eraslan, M. Sevimay, A. Usumez, and G. Eskitascioglu,
“Effects of cantilever design and material on stress distribu-
tion in fixed partial dentures-a finite element analysis,”
Journal of Oral Rehabilitation, vol. 32, no. 4, pp. 273-278,
2005.

[15] V.E.de Souza Batista, F. R. Verri, D. A. Almeida, J. F. Santiago
Junior, C. A. Lemos, and E. P. Pellizzer, “Evaluation of the
effect of an offset implant configuration in the posterior
maxilla with external hexagon implant platform: a 3-di-
mensional finite element analysis,” Journal of Prosthetic
Dentistry, vol. 118, no. 3, pp. 363-371, 2017.

[16] C. A. A. Lemos, F. R. Verri, J. F. Santiago Junior et al.,
“Retention system and splinting on morse taper implants in
the posterior maxilla by 3D finite element analysis,” Brazilian
Dental Journal, vol. 29, no. 1, pp. 30-35, 2018.

[17] E. P. Pellizzer, C. A. A. Lemos, D. A. F. Almeida,
V. E. de Souza Batista, J. F. Santiago Junior, and F. R. Verri,
“Biomechanical analysis of different implant-abutments in-
terfaces in different bone types: an in silico analysis,” Mate-
rials Science Engineering C Mater Biological Applications,
vol. 90, pp. 645-650, 2018.

[18] J. F. Santiago Junior, F. R. Verri, D. A. Almeida,
V. E. de Souza Batista, C. A. Lemos, and E. P. Pellizzer, “Finite
element analysis on influence of implant surface treatments,
connection and bone types,” Materials Science Engineering C
Mater Biological Applications, vol. 63, pp. 292-300, 2016.

[19] A.Pozzi, E. Agliardi, M. Tallarico, and A. Barlattani, “Clinical
and radiological outcomes of two implants with different
prosthetic interfaces and neck configurations: randomized,
controlled, split-mouth clinical trial,” Clinical Implant Den-
tistry and Related Research, vol. 16, no. 1, pp. 96-106, 2014.

[20] R. S. Pessoa, R. M. Sousa, L. M. Pereira et al., “Bone
remodeling around implants with external hexagon and
morse-taper connections: a randomized, controlled, split-
mouth, clinical trial,” Clinical Implant Dentistry and Re-
lated Research, vol. 19, no. 1, pp. 97-110, 2017.

[21] C. Mangano, F. Taculli, A. Piattelli, and F. Mangano, “Fixed
restorations supported by Morse-taper connection implants:
a retrospective clinical study with 10-20 years of follow-up,”
Clinical Oral Implants Research, vol. 26, no. 10, pp. 1229-1236,
2015.

[22] C. A.Lemos, V. E. Souza Batista, D. A. Almeida, J. F. Santiago
Junior, F. R. Verri, and E. P. Pellizzer, “Evaluation of



Journal of Healthcare Engineering

(23]

[24]

(25]

[26

(27]

(28]

(29]

(30]

(31]

(32]

cement-retained versus screw-retained implant-supported
restorations for marginal bone loss: a systematic review
and meta-analysis,” Journal of Prosthetic Dentistry, vol. 115,
no. 4, pp. 419-427, 2016.

E. Hauchard, B. P. Fournier, R. Jacq, A. Bouton,
L. Pierrisnard, and A. Naveau, “Splinting effect on posterior
implants under various loading modes: a 3D finite element
analysis,” European Journal of Prosthodontics and Restorative
Dentistry, vol. 19, no. 3, pp. 117-122, 2011.

C. E. Misch, J. Steignga, E. Barboza, F. Misch-Dietsh,
L. J. Cianciola, and C. Kazor, “Short dental implants in
posterior partial edentulism: a multicenter retrospective 6-
year case series study,” Journal of Periodontology, vol. 77,
no. 8, pp. 1340-1347, 2006.

C. Mangano, F. Mangano, A. Piattelli, G. Iezzi, A. Mangano,
and L. La Colla, “Prospective clinical evaluation of 1920 Morse
taper connection implants: results after 4 years of functional
loading,” Clinical Oral Implants Research, vol. 20, no. 3,
pp. 254-261, 2009.

N. L. Clelland, J. D. Seidt, L. G. Daroz, and E. A. McGlumphy,
“Comparison of strains for splinted and nonsplinted implant
prostheses using three-dimensional image correlation,” In-
ternational Journal of Oral & Maxillofacial Implants, vol. 25,
no. 5, pp. 953-959, 2010.

J. Lindhe and J. Meyle, “Peri-implant diseases: consensus
report of the sixth european workshop on periodontology,”
Journal of Clinical Periodontology, vol. 35, pp. 282-285, 2008.
M. C. Goiato, L. B. Torcato, D. M. Dos Santos, A. Moreno,
R. M. Antenucci, and S. F. C. Dekon, “Quality of life and
satisfaction of patients wearing implant-supported fixed
partial denture: a cross-sectional survey of patients from
Aracatuba city, Brazil,” Clinical Oral Implants Research,
vol. 26, no. 6, pp. 701-708, 2015.

G. C. Silva, T. M. Cornacchia, C. S. de Magalhaes, A. C. Bueno,
and A. N. Moreira, “Biomechanical evaluation of screw- and
cement-retained implant-supported prostheses: a nonlinear
finite element analysis,” Journal of Prosthetic Dentistry,
vol. 112, no. 6, pp. 1479-1488, 2014.

J. Markose, S. Suresh, S. Eshwar, K. Rekha, V. Jain, and
S. Manvi, “Comparison of platform switched and sloping
shoulder implants on stress reduction in various bone den-
sities: finite element analysis,” Journal of Contemporary
Dental Practice, vol. 18, no. 6, pp. 510-515, 2017.

G. Papavasiliou, P. Kamposiora, S. C. Bayne, and D. A. Felton,
“Three-dimensional finite element analysis of stress-
distribution around single tooth implants as a function of
bony support, prosthesis type, and loading during function,”
Journal of Prosthetic Dentistry, vol. 76, no. 6, pp. 633-640,
1996.

R. C. Van Staden, H. Guan, and Y. C. Loo, “Application of the
finite element method in dental implant research,” Computer
Methods in Biomechanics and Biomedical Engineering, vol. 9,
no. 4, pp. 257-270, 2006.



