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ABSTRACT

A comparative analysis was made between two different surgical approaches,
the intrasinus and the extramaxillary, for the placement of zygomatic implants to
treat atrophic maxillae patients. The introduction of the extramaxillary approach was
claimed by some quarters to reduce implant complications caused by inappropriate
emergence of the implant head. However, implant failures from this surgical
approach has been reported in literature. This study utilizes the finite element
technique to analyse the strength of implant anchorage for both approaches in
various occlusal loading locations and directions. Three-dimensional models of the
human craniofacial structures surrounding a specific region of interest, soft tissue
and framework were developed using computed tomography image datasets. The
zygomatic and conventional dental implants were modelled using computer-aided
design software and positioned according to the respective surgical approach. The
bone was assumed to be linear isotropic with a stiffness of 13.4 GPa, and the
implants were made of Ti6AI4V titanium alloy with a stiffness of 110 GPa. Masseter
muscle forces of 300 N were applied at the zygomatic arch, and occlusal load of 150
N were applied onto the framework surface. The results showed that the intrasinus
approach demonstrated more satisfactory results under various occlusal loading
locations and, hence, could be a viable treatment option. However, the technique
resulted in more stress increase to sustain loads in the oblique direction. The
introduction of extramaxillary approach, on the other hand, could also be
recommended as a reasonable treatment option, provided some improvements are
made to address the cantilever effects as exhibited by the 30% higher stress within
the zygomatic implant than those in the intrasinus approach. The technique also
caused an increase in motion of prosthetic components under simulated masticatory

loadings.
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ABSTRAK

Analisis perbandingan telah dilaksanakan di antara dua jenis pendekatan
pembedahan yang berbeza, intrasinus dan extramaxillary, untuk penempatan implan
tulang pipi bagi merawat pesakit yang kehilangan kuantiti tulang rahang atas.
Pengenalan pendekatan extramaxillary telah didakwa oleh sesetengah pihak untuk
mengurangkan komplikasi implan yang disebabkan oleh ketidaksesuaian
kemunculan kepala implan. Walaubagaimanapun, kegagalan implan daripada
pendekatan pembedahan ini telah dilaporkan dalam kajian terdahulu. Kajian ini
menggunakan kaedah unsur terhingga untuk menganalisis kekuatan pautan implan
untuk kedua-dua pendekatan dalam pelbagai arah dan lokasi beban kunyahan. Model
tiga dimensi struktur tengkorak manusia di sekitar rantau tertentu, tisu lembut dan
gigi gantian dihasilkan menggunakan dataset imej tomografi berkomputer. Model
implan tulang pipi dan implan gigi konvensional direka menggunakan perisian
rekaan berpandukan komputer dan diposisikan mengikut pendekatan pembedahan
yang berkenaan. Tulang dianggap memiliki sifat isotropi linear dengan ketegaran
13.4 GPa, dan implan diperbuat daripada aloi titanium Ti6Al4V dengan ketegaran
110 GPa. Daya-daya otot masseter sebanyak 300 N dikenakan pada lengkungan
tulang pipi, dan beban kunyahan sebanyak 150 N dikenakan ke atas permukaan gigi
gantian. Keputusan menunjukkan bahawa pendekatan intrasinus mempamerkan
keputusan yang lebih memuaskan di bawah pelbagai lokasi beban kunyahan dan oleh
itu, berupaya untuk digunakan sebagai rawatan pilihan. Walaubagaimanapun, teknik
ini telah mengakibatkan peningkatan tegasan yang lebih untuk menampung beban
dalam arah serong. Pengenalan pendekatan extramaxillary, sebaliknya, boleh juga
disyorkan sebagai rawatan pilihan yang munasabah, dengan syarat beberapa
penambahbaikan dilakukan untuk menangani kesan juluran seperti yang dipamerkan
oleh tegasan 30% lebih tinggi dalam implan tulang pipi berbanding implan dalam
pendekatan intrasinus. Teknik ini juga menyebabkan peningkatan dalam pergerakan

komponen gigi gantian di bawah simulasi beban-beban kunyahan.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

The number of edentulous or toothless patients has shown an increase over
the last decade [1-3]. The prevalence of edentulism is usually proportional to age or
may even be due to tooth extraction [3-5]. Patients can be categorised into two;
either fully edentulous or partially edentulous. The latter commonly caused by bone
resorption in both jaws, upper (maxilla) and lower jaw (mandible). According to the
national surveys conducted by the National Institute of Dental Research [4], the rate
of edentulism increases at 4% per ten years in early adult years and increases to more
than 10% per decade after the age of 70. The number of adult pronounced total
edentulism of a single arch was few between the age of 30 to 34 years, however, it
increased at the age of 45 to 11% and then remained constant after 55 years old to
approximately 15% of the adult population. The data also showed that the
edentulous maxilla was 35 times more frequent than the mandible. Traditionally,
patients with edentulous maxillae and mandibles are treated via conventional,
complete denture to restore aesthetics, functions (chewing and speaking) and comfort
[1, 4]. However, there were report of dissatisfactions from denture wearers due to
reduced comfort and inefficient oral functions [1, 6]. The report on upper denture

dissatisfaction is higher compared to the lower denture application [1]. The use of



partial or complete dentures could also result in accelerated bone loss rather than
maintaining it. This is due to the applied occlusal load which is transmitted to the
bone surface causing a reduction in blood supply and the eventual bone loss [4]. A
new alternative method has thus been introduced to rehabilitate edentulous atrophic

bone patients with osseointegrated dental implants [1, 4, 7].

The osseointegrated dental implant is widely used either to treat complete
toothless patients or just for a single restoration [6]. There are various concepts of
dental implant application in clinical practice depending on specific cases. The use
of dental implants could eliminate several problems faced by denture wearers hence
improving their quality of life [1]. Among the advantages of implant-supported
prostheses are preservation of bone and facial aesthetics, improving the phonetics,
occlusion and retention of removable prosthesis as well as increasing the survival
rates of prostheses [4]. Anatomical considerations in terms of bone quality and bone
quantity play an important role to determine the types of rehabilitation using

osseointegrated implants.

The treatment of edentulous maxillary arch through conventional method or
total complete denture application is easier to perform compared to similar treatment
for the mandibular arch [1]. However, the maxilla is a difficult arch to restore with
osseointegrated implants due to its complex morphology and configuration. The
limited bone quantity caused by bone resorption especially in the posterior region has
resulted in a low implant success rate based on numerous clinical follow-up studies
[8]. In comparison, the implant success rate in the maxilla is significantly lower
when compared to the implant placed in the mandible [4, 9]. Maxilla possesses
relatively poor bone quality and lower bone density compared to the mandible [2, 4,
9]. In addition, the anterior region is reported to have a higher bone density than the
posterior region for both jaws. The quality of bone density in the edentulous site is
crucial since it becomes a key factor in treatment planning, surgical approach,
implant design, healing time and initial progressive bone loading during prosthetic

reconstruction [4].



The loss of alveolar bone height in the posterior maxilla is likely a
consequence of periodontal disease before tooth loss. The tooth loss in the posterior
maxilla will result in a decrease of bone width and it is more common than the other
regions of jaw. Naturally, the amount of available bone volume in the posterior
maxilla is insufficient for implant placement. In order to increase bone volume for
dental implant placement in that region, an advanced surgical technique of bone
augmentation has been suggested [9-10]. The apparent problem of insufficient bone
height can be reduced by this procedure. The augmentation procedure can be
performed by harvesting some portion of bone usually from the iliac crest, mandible
or other appropriate locations [11-12]. Onlay grafting, inlay grafting and sinus
lifting are some of bone augmentation techniques that can be applied to the affected
region. Although this procedure can improve the configuration for potential
placement of implant to the affected maxillae, a lower implant success rate has been
reported compared to the non-grafted maxillae [13]. Furthermore, the bone
augmentation procedure also requires a long treatment time, longer healing time
period and a possibility of harvested bone morbidity [14]. Therefore, a new
alternative for the treatment of atrophic maxillae was introduced by Brédnemark
System” in 1988 utilising zygomatic implant to minimize problems or complications

caused by the bone augmentation procedure [14-15].

Zygomatic implant was initially intended to rehabilitate the maxillectomy
patients owing to tumour resection, trauma or congenital defects [14]. However, the
function of this implant had been expanded for rehabilitation of edentulous resorbed
maxilla patients. It is believed that the anchorage of implant can be achieved at other
bone regions that are free from bone regeneration or remodelling [16]. Thus, the
selection of zygomatic bone as implant anchorage site is appropriate, evaluated in
terms of its anatomical as well as biomechanical aspect. The bone augmentation
procedure can be eliminated or slightly reduced via the zygomatic implant approach
because of the strength of zygoma arch to retain the implant and prosthesis in
position successfully. Four types of surgical approach for zygomatic implant
placement that are available in practice are intrasinus (original Brdnemark), sinus slot
(Stella), extrasinus and extramaxillary approach. In the intrasinus approach, the

position of implant body has to be maintained at the maxillary sinus boundaries



resulting in a bulky dental prosthesis since the implant head emerges in a more
palatal aspect [14, 17]. Extrasinus approach, on the other hand, mainly used to treat
patients who have pronounced buccal concavity [14, 18]. In this approach, the
zygomatic implant head will be positioned closer to the alveolar crest bone, and
therefore, the size of prosthesis could be reduced. Extramaxillary approach is the
latest surgical procedure introduced by dental maxillofacial surgeons [19]. This
technique is significantly different to the other approaches because the implant body
only anchors to the zygomatic arch bone. The emergence of the implant head will be
more prosthetically correct compared to intrasinus or extrasinus approach. The main
reason for the existence of various different surgical approaches for fixation of
zygomatic implants are due to the appearance of implant head location causing
mechanical resistance during mastication as well as for aesthetical outcome. The
introduction of new surgical approach aimed at eliminating the drawbacks of the
previous approach, however, several complications are still reported in clinical

follow-up studies for all the four approaches [14, 18-19].

There are limited numbers of biomechanical studies on zygomatic implants,
many of which have examined the success rate of the implants by clinical follow-up
studies. Nearly in all reported clinical studies, the zygomatic implants were
demonstrated to have more favourable success rates than standard implants placed in
the similar region in maxilla. The cumulative success rate of zygomatic implant
ranges from 98.4% to 100% during 1 to 10 years follow-up studies for classical
surgical approaches [14]. There are fewer numbers of finite element studies that
have investigated the biomechanical aspects related to the zygomatic implants.
Many of them have concentrated on the performance of implant in maxillary defect
restoration. More attentions are therefore needed to examine the performance of
zygomatic implants biomechanically for different surgical approaches to treat severe
edentulism cases. In clinical setting, the most common classical approach is the
intrasinus whilst the new approach of extramaxillary was introduced to simplify all

other protocols of zygomatic implant surgery.



There are various methods available to measure the stress distribution within
peri-implant bone such as photo elastic model studies, strain gauge analysis and two-
dimensional (2D) or three-dimensional (3D) finite element analysis (FEA). As FEA
is a numerical procedure and requires several assumptions, it is imperative to access
the solution accuracy in terms of stress and strain distribution. Moreover, the
procedure could also provide accurate representation of complex geometries and
simple model modification [1, 7, 20-21]. It has also been proven as an acceptable
method to evaluate dental implant systems accurately over other methods [7, 22-23].
The use of 2D FEA is not recommended to simulate clinical situation because of
invalidity of model representation [21]. Therefore, 3D FEA is a more preferable

technique to evaluate mechanical behaviour of bone and prosthetic components.

1.2 Problem Statements

To date, despite the reported high success rate of zygomatic implants, failures
do occur regardless of the types of surgical approach used. The use of classical
surgical approach of intrasinus could result in a higher complication as been reported
in many clinical experiences [14, 18]. Feedback from patients normally regarding
discomfort was identified as the main problem on the use of zygomatic implants.
The bulky prosthesis may affect dental hygiene and increases the mechanical
resistance [19, 24]. Complications of peri-implant soft tissues bleeding and
increased in probing depth probably occur due to inappropriate position of zygomatic
implant head and abutment [14]. In contrast, implant body mobility and fracture of
abutment screw are among complications that have been reported by the use of latest
surgical approach, the extramaxillary [19]. Most of the complications are mainly
caused by insufficient primary stability achieved by zygomatic implant in supporting
the prosthesis. On top of that, the role of alveolar ridge bone support is still
questionable since the strength of zygomatic implant anchorage highly depended on
zygoma cortical penetration [16]. It is important to highlight that every surgical

approach introduced has its own unique characteristic in order to increase the



survival rate of zygomatic implants during physiological function. However, there is
no specific indication has been found, to date, to point out the best approach for
implant placement. A key factor for dental implant success or failure is dependent
on stress transmission to the surrounding bone. Inappropriate loadings may result in
stress concentration at bone region around implant and could lead to bone resorption.
It is known that the vertical component plays a major contribution in masticatory
loading. Conversely, the role of horizontal component cannot be compromised
although its value is minimal especially when angled implant is used. Therefore,
there is a necessity to consider different occlusal loading types, vertical and oblique
loading in various directions to examine the performance of zygomatic implants in
both approaches. The location of loading application on prosthesis was also being
another important factor. In short, the statement of current problems can be

summarised through the following questions:

1. Which surgical approach promotes better implant stability?
Complications reported on zygomatic implants are mainly associated with
the biomechanical factors of the chosen surgical approach. High quality
rehabilitation in terms of function, aesthetics and comfort is crucial with

regard to a proper surgical approach selection.

2. What is the impact of various occlusal loading locations and directions on

predicting the success rate of different surgical approach?

1.3  Aims and Objectives

Due to limited availability of data, there is no consensus in terms of the best
surgical approach for placement of zygomatic implants. There is a necessity to
determine the optimal biomechanical circumstances associated with zygomatic

implants placed by different surgical approaches so that they can be admitted as a



better alternative treatment modality for severe atrophic maxillae. Follow-up clinical
studies and trials alone cannot provide sufficient answers to the problems associated
with implant instability. The bio-computational evidence through FEA is also
required to explore the load transfer mechanism from zygomatic implant body to the
surrounding bone based on stress distribution and implant deformation. Comparative
biomechanical study between various surgical approaches can highlight their

strengths and weaknesses and provide crucial information for potential improvement.

The objective of the study is to determine the effects of different surgical
approaches of zygomatic implants installation on stress and displacement distribution
within bones and prosthetic components using 3D FEA. The respective surgical

approaches involve are the intrasinus and the extramaxillary approach.

Other than that, the biomechanical behaviour of bones and prosthetic
components under different occlusal loading directions and locations are also
examined. The magnitude of loadings among all models is identical to allow for a
reasonable comparison. It is expected that variation of occlusal loading directions
and locations exhibit a significant difference on the generated biomechanical criteria

between both surgical approaches.

1.4 Scope of Study

Analyses performed in this study placed an emphasis on the treatment of
edentulous maxilla patients with certain degree of resorption due to zygomatic
implants. There were two surgical approaches investigated, the intrasinus and the
extramaxillary approach. The implant-supported fixed restoration has been selected
as the prosthetic restoration types and loaded by immediate functions. Three-

dimensional model of cranial bone with a particular degree of resorption surrounding



the region of interest together with the framework and soft tissue were developed
from computed tomography (CT) image datasets. The zygomatic and conventional
dental implants were modelled using a computer-aided design (CAD) software,
SolidWorks 2009. The implants were placed in the prepared bone site through a
simulated implantation procedure using Mimics/Magics 10.01 which is an image-
processing software. The prepared models were then exported into a finite element
software, MSC/MARC 2007 to simulate the effects of masseter loading and different
occlusal loading conditions on bones and zygomatic implants. The material
properties for all finite element models were assumed to be isotropic, homogenous
and linearly elastic throughout. Results of equivalent von Mises stresses and
displacements are among the biomechanical aspects examined numerically and

plotted by spectrum colouring scale.

1.5  Importance of Study

This study provides an improved understanding of the biomechanics of the
treated atrophic maxilla through computational analyses to study the effect of stress
distribution and displacement on bones, zygomatic implants and framework under
various occlusal and masseter loading. The simulations utilised the meticulous finite
element model to represent the clinical settings accurately and act as a prediction tool
for the zygomatic implant stability from different surgical approaches for short-term

or long-term evaluation.



10.

11.

136

REFERENCES

Rohlig, B. G. The Use of Angulated Implants in the Maxillary Tuberosity
Region. Dissertation. Istanbul: University of Marburg; 2004.

Sadowsky, S. J. Treatment Considerations for Maxillary Implant
Overdentures: A Systematic Review. J Prosthet Dent. 2007. 97(6): 340-8.
Thompson, G. W., Kreisel, P. S. The Impact of the Demographics of Aging
The Edentulous Condition On Dental Care Services. J Prosthet Dent. 1998.
79: 56-9.

Misch, C. E. Contemporary Implant Dentistry. 3rd ed. Canada: Mosby
Elsevier. 2008.

Bryant, S. R., Zarb, G. A. Outcomes of Implant Prosthodontic Treatment in
Older Adults. J Can Dent Assoc. 2002. 68(2): 97-102.

Geng, J., Yan, W., Xu, W. Application of the Finite Element Method in
Implant Dentistry. China: Zhejiang University Press, Springer. 2008.

Simsek, B., Erkmen, E., Yilmaz, D., Eser, A. Effects of Different Inter-
Implant Distances On the Stress Distribution around Endosseous Implants in
Posterior Mandible: A 3D Finite Element Analysis. Med Eng Phys. 2006.
28(3): 199-213.

Corrente, G., Abundo, R., Bermond des Ambrois, A. Posterior Maxilla
Implants. Dental Abstracts. 2009. 54(6): 307-8.

Meyer, U., Vollmer, D., Runte, C., Bourauel, C., Joos, U. Bone Loading
Pattern Around Implants in Average and Atrophic Edentulous Maxillae: A
Finite-Element Analysis. J Cranio Maxill Surg. 2001. 29(2): 100-5.
Al-Khaldi, N., Sleeman, D., Allen, F. Stability of Dental Implants in Grafted
Bone in the Anterior Maxilla: Longitudinal Study. Brit J Oral Max Surg.
2011. 49(4): 319-23.

Cordaro, L., Torsello, F., Accorsi Ribeiro, C., Liberatore, M., Mirisola di
Torresanto, V. Inlay-Onlay Grafting for Three-Dimensional Reconstruction
of the Posterior Atrophic Maxilla with Mandibular Bone. Int J Oral
Maxillofac Surg. 2010. 39(4): 350-7.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

137

Nystrom, E., Nilson, H., Gunne, J., Lundgren, S. A 9-14 Year Follow-Up of
Onlay Bone Grafting in the Atrophic Maxilla. Int J Oral Maxillofac Surg.
2009. 38(2): 111-6.

Palmer, R. M. Implant Failure is Higher in Grafted Edentulous Maxillae. J
Evid Based Dent Prac. 2005. 5(1): 16-8.

Aparicio, C., Ouazzani, W., Hatano, N. The Use of Zygomatic Implants for
Prosthetic Rehabilitation of the Severely Resorbed Maxilla. Periodontol
2000. 2008. 47(1): 162-71.

Zygoma Implant Placement and Prosthetic Procedure. Branemark System.
2004:1-31.

Stiévenart, M., Malevez, C. Rehabilitation of Totally Atrophied Maxilla by
Means of Four Zygomatic Implants and Fixed Prosthesis: A 6-40-Month
Follow-Up. Int J Oral Maxillofac Surg. 2010. 39(4): 358-63.

Aparicio, C., Ouazzani, W., Garcia, R., Arevalo, X., Muela, R., Fortes, V. A
Prospective Clinical Study on Titanium Implants in the Zygomatic Arch for
Prosthetic Rehabilitation of the Atrophic Edentulous Maxilla with a Follow-
Up of 6 Months to 5 Years. Clin Implant Dent Relat Res. 2006. 8(3): 114-22.
Aparicio, C., Ouazzani, W., Aparicio, A., Fortes, V., Muela, R., Pascual, A.,
et al. Extrasinus Zygomatic Implants: Three Year Experience from a New
Surgical Approach for Patients with Pronounced Buccal Concavities in the
Edentulous Maxilla. Clin Implant Dent Relat Res. 2010. 12(1): 55-61.

Mald, P., de Araujo Nobre, M., Lopes, I. A New Approach to Rehabilitate the
Severely Atrophic Maxilla Using Extramaxillary Anchored Implants in
Immediate Function: A Pilot Study. J Prosthet Dent. 2008. 100(5): 354-66.
Geng, J. P., Tan, K. B. C,, Liu, G. R. Application of Finite Element Analysis
in Implant Dentistry: A Review of the Literature. J Prosthet Dent. 2001.
85(6): 585-98.

Agarwal, J. Three-Dimensional Finite Element Stress Analysis, In Relation to
Root Form Implant Supported by Fixed Prosthetic Straight Abutment during
Axial and Non-Axial Loading. Dissertation: Rajiv Gandhi University of
Health Sciences, Bangalore, Karnataka; 2006.

Akca, K., I-plikcioglu, H. Finite Element Stress Analysis of the Influence of
Staggered Versus Straight Placement of Dental Implants. Int J Oral
Maxillofac Implants. 2001. 16(5): 722-30.



23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

138

Holmgren, E. P., Seckinger, R. J., Kilgren, L. M., Mante, F. Evaluating
Parameters of Osseointegrated Dental Implants Using Finite Element
Analysis: A Two-Dimensional Comparative Study Examining the Effects of
Implant Diameter, Implant Shape, and Load Direction. J Oral Implantol.
1998. 24(2): 80-8.

Penarrocha, M., Garcia, B., Marti, E., Boronat, A. Rehabilitation of Severely
Atrophic Maxillae with Fixed Implant-Supported Prostheses Using
Zygomatic Implants Placed Using the Sinus Slot Technique: Clinical Report
on a Series of 21 Patients. Int J Oral Maxillofac Implants. 2007. 22(4): 645-
50.

Ellis, H. Clinical Anatomy: Applied Anatomy for Students and Junior
Doctors. 11th ed. Sugden M., Bonnett E., Misina M., Charman K., editors.
India: Blackwell Publishing. 2006.

Gerard, J. T., Bryan, D. Principles of Anatomy and Physiology. 12 ed. United
States of America: John Wiley & Sons, Inc. 2009.

Hartwig, W. C. Fundamental Anatomy. Taylor C., Horvath K., Williams P.
C., editors. China: Lippincott Williams & Wilkins. 2008.

Gunn, C. Bones and Joints: A Guide for Students. 5th ed. Thom D.,
Palfreyman A., Bigland E., Hogarth B., editors. New York: Churchill
Livingstone Elsevier. 2007.

Frank, H. N. Atlas of Human Anatomy. Edition T., editor. USA: RR
Donnelley. 2003.

Hayashi, K., Sato, J., Hukusima, Y., Matsuura, M., Seto, K. Application of
Zygomatic Implants to Patients Presenting Difficulties in Achieving Denture
Stability. Int J Oral Maxillofac Surg. 1999. 28(Supplement 1): 160.

Jacobsen, P. Restorative Dentistry: An Integrated Approach. 2nd ed. New
York: John Wiley & Sons. 2008.

The World's Best Anatomical Charts: Systems Structures. The United States:
Anatomical Chart Company. 2000.

Morgan, M. J., James, D. F. Force and Moment Distributions among
Osseointegrated Dental Implants. J Biomech. 1995. 28(9): 1103-9.

Sahin, S., Cehreli, M. C., Yalcln, E. The Influence of Functional Forces on
the Biomechanics of Implant-Supported Prostheses - A Review. J Dent. 2002.
30(7-8): 271-82.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

139

Faegh, S., Mufti, S. Load Transfer along the Bone-Dental Implant Interface.
J Biomech. 2010. 43(9): 1761-70.

Javed, F., Romanos, G. E. The Role of Primary Stability for Successful
Immediate Loading of Dental Implants. A Literature Review. J Dent. 2010.
38(8): 612-20.

Koca, O. L., Eskitascioglu, G., Usumez, A. Three-Dimensional Finite-
Element Analysis of Functional Stresses in Different Bone Locations
Produced by Implants Placed in the Maxillary Posterior Region of the Sinus
Floor. J Prosthet Dent. 2005. 93(1): 38-44.

Ibanez, J. C., Tahhan, M. J., Zamar, J. A., Menendez, A. B., Juaneda, A. M.,
Zamar, N. J., et al. Immediate Occlusal Loading of Double Acid-Etched
Surface Titanium Implants in 41 Consecutive Full-Arch Cases in the
Mandible and Maxilla: 6- to 74-month Results. J Periodontol. 2005. 76(11):
1972-81.

Bacchelli, B., Giavaresi, G., Franchi, M., Martini, D., De Pasquale, V., Trire,
A., et al. Influence of a Zirconia Sandblasting Treated Surface on Peri-
Implant Bone Healing: An Experimental Study in Sheep. Acta Biomater.
2009. 5(6): 2246-57.

Huang, H. L., Hsu, J. T., Fuh, L. J., Tu, M. G., Ko, C. C., Shen, Y. W. Bone
Stress and Interfacial Sliding Analysis of Implant Designs on an Immediately
Loaded Maxillary Implant: A Non-Linear Finite Element Study. J Dent.
2008. 36(6): 409-17.

Bedrossian, E., Rangert, B., Stumpel, L., Indresano, T. Immediate Function
with the Zygomatic Implant: A Graftless Solution for the Patient with Mild to
Advanced Atrophy of the Maxilla. Int J Oral Maxillofac Implants. 2006.
21(6): 937-42.

de Cos Juez, F. J., Sanchez Lasheras, F., Garcia Nieto, P. J., Alvarez-Arenal,
A. Non-Linear Numerical Analysis of a Double-Threaded Titanium Alloy
Dental Implant by FEM. Appl Math Comput. 2008. 206(2): 952-67.
Davarpanah, M., Szmukler-Moncler, S. Immediate Loading of Dental Implant
(Theory and Clinical Practice). Switzerland: Quintessence International.
Sadowsky, S. J. The Implant-Supported Prosthesis for the Edentulous Arch:
Design Considerations. J Prosthet Dent. 1997. 78(1): 28-33.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

140

Bilhan, H. An Alternative Method to Treat a Case with Severe Maxillary
Atrophy by the Use of Angled Implants Instead of Complicated
Augmentation Procedures: A Case Report. J Oral Implantol. 2008. 34(1): 47-
51.

Prakash, V., D'Souza, M., Adhikari, R. A Comparison of Stress Distribution
and Flexion among Various Designs of Bar Attachments for Implant
Overdentures: A Three-Dimensional Finite Element Analysis. Indian J Dent
Res. 2009. 20(1): 31-6.

Baggi, L., Cappelloni, I., Maceri, F., Vairo, G. Stress-Based Performance
Evaluation of Osseointegrated Dental Implants by Finite-Element Simulation.
Simul Modell Pract Theory. 2008. 16(8): 971-87.

Baggi, L., Cappelloni, I., Di Girolamo, M., Maceri, F., Vairo, G. The
Influence of Implant Diameter and Length on Stress Distribution of
Osseointegrated Implants Related to Crestal Bone Geometry: A Three-
Dimensional Finite Element Analysis. J Prosthet Dent. 2008. 100(6): 422-31.
Li, T., Kong, L., Wang, Y., Hu, K., Song, L., Liu, B., et al. Selection of
Optimal Dental Implant Diameter and Length in Type IV Bone: A Three-
Dimensional Finite Element Analysis. Int J Oral Maxillofac Surg. 2009.
38(10): 1077-83.

Devlin, H., Horner, K., Ledgerton, D. A Comparison of Maxillary and
Mandibular Bone Mineral Densities. J Prosthet Dent. 1998. 79(3): 323-7.
Seong, W. J., Kim, U. K., Swift, J. Q., Hodges, J. S., Ko, C. C. Correlations
Between Physical Properties of Jawbone and Dental Implant Initial Stability.
J Prosthet Dent. 2009. 101(5): 306-18.

Nomoto, S., Matsunaga, S., Ide, Y., Abe, S., Takahashi, T., Saito, F., et al.
Stress Distribution in Maxillary Alveolar Ridge according to Finite Element
Analysis Using Micro-CT. Bull Tokyo Dent Coll. 2006. 47(4): 149-56.

Danza, M., Zollino, 1., Paracchini, L., Riccardo, G., Fanali, S., Carinci, F. 3D
Finite Element Analysis to Detect Stress Distribution: Spiral Family
Implants. J Maxillofac Oral Surg. 2009. 8(4): 334-9.

Sevimay, M., Turhan, F., Kilicarslan, M. A., Eskitascioglu, G. Three-
Dimensional Finite Element Analysis of the Effect of Different Bone Quality
on Stress Distribution in an Implant-Supported Crown. J Prosthet Dent. 2005.
93(3): 227-34.



55.

56.

57,

58.

59.

60.

61.

62.

63.

64.

65.

141

Lekholm, U., Zarb, G. A. Patient Selection and Preparation. In: Branemark
Pl, Zarb GA, Albrektsson T. Tissue Integrated Prostheses. Chicago:
Quintessence Publishing Co. 1985.

Aparicio, C., Branemark, P. I., Keller, E. E., Olive, J. Reconstruction of the
Premaxila with Autogenous Iliac Bone in Combination with Osseointegrated.
Int J Oral Maxillofac Implants. 1993. 8: 61-7.

Weischer, T., Schettler, D., Mohr, C. Titanium Implants in the Zygoma as
Retaining Elements after Hemimaxillectomy. Int J Oral Maxillofac Implants.
1997. 12: 211-4.

Uchida, Y., Goto, M., Katsuki, T., Akiyoshi, T. Measurement of the Maxilla
and Zygoma as an Aid in Installing Zygomatic Implant. J Oral Maxillofac
Surg. 2001. 59: 1193-8.

Miyamoto, S., Ujigawa, K., Kizu, Y., Tonogi, M., Yamane, G. Y.
Biomechanical Three-Dimensional Finite-Element Analysis of Maxillary
Prostheses with Implants. Design of Number and Position of Implants for
Maxillary Prostheses after Hemimaxillectomy. Int J Oral Maxillofac Surg.
2010. 39(11): 1120-6.

Nkenke, E., Hahn, M., Lell, M., Wiltfang, J., Schultze Mosgau, S., Stech, B.,
et al. Anatomic Site Evaluation of the Zygomatic Bone for Dental Implant
Placement. Clin Oral Impl Res. 2003. 14: 72-9.

Kato, Y., Kizu, Y., Tonogi, M., Ide, Y., Yamane, G. Internal Structure of
Zygomatic Bone Related To Zygomatic Fixture. J Oral Maxillofac Surg.
2005. 63: 1325-9.

Cawood, J. I., Stoelinga, P. J. W., Blackburn, T. K. The Evolution of
Preimplant Surgery from Preprosthetic Surgery. Int J Oral Maxillofac Surg.
2007. 36(5): 377-85.

Eufinger, H., Gellrich, N. C., Sandmann, D., Dieckmann, J. Descriptive and
Metric Classification of Jaw Atrophy: An Evaluation of 104 Mandibles and
96 Maxillae of Dried Skulls. Int J Oral Maxillofac Surg. 1997. 26(1): 23-8.
Davo, R., Malevez, C., Rojas, J., Rodriguez, J., Regolf, J. Clinical Outcome
of 42 Patients Treated with 81 Immediately Loaded Zygomatic Implants: A
12- to 42-Month Retrospective Study. Eur J Oral Implantol. 2008. 1(1): 1-10.
Farzad, P., Andersson, L., Gunnarsson, S., Johansson, B. Rehabilitation of

Severely Resorbed Maxillae with Zygomatic Implants: An Evaluation of



66.

67.

68.

69.

70.

71.

72,

73.

74.

75.

142

Implant Stability, Tissue Conditions, and Patients’ Opinion Before and After
Treatment. Int J Oral Maxillofac Implants. 2006. 21(3): 399-404.

Block, M. S., Haggerty, C. J., Fisher, G. R. Nongrafting Implant Options for
Restoration of the Edentulous Maxilla. J Oral Maxillofac Surg. 2009. 67:
872-81.

Widmark, G., Andersson, B., Carlsson, G. E., Ivanoff, C. J. Rehabilitation of
Patients with Severely Resorbed Maxillae By Means of Implants with or
Without Bone Grafts: A 3- to 5-Year Follow-Up Clinical Report. Int J Oral
Maxillofac Implants. 2001. 16(1): 73-9.

Keller, E. E., Tolman, D. E., Eckert, S. E. Maxillary Antral-Nasal Inlay
Autogenous Bone Graft Reconstruction of Compromised Maxilla: A 12-Year
Retrospective Study. Int J Oral Maxillofac Implants. 1999. 14(5): 707-21.
Branemark, P. I., Grondahl, K., Worthington, P. Osseointegration and
Autogenous Onlay Bone Grafts: Reconstruction of the Edentulous Atrophic
Maxilla. Chicago: Quintessence. 2001.

Lekholm, U., Wannfors, K., Isaksson, S., Adielsson, B. Oral Implants in
Combination with Bone Grafts: A 3-Year Retrospective Multicenter Study
Using the Branemark Implant System. Int J Oral Maxillofac Surg. 1999.
28(3): 181-7.

Pefiarrocha-Diago, M., Boronat, A., Cervera, R., Garcia, B. Fixed
Ceramometallic Prostheses over Anterior and Transzygomatic Implants by
Using the Sinus Slot Technique - Report of A Case. J Oral Implantol. 2006.
32(1): 38-40.

Raghoebar, G. M., Vissink, A., Reintsema, H., Batenburg, R. H. K. Bone
Grafting of the Floor of the Maxillary Sinus for the Placement of Endosseous
Implants. Brit J Oral Max Surg. 1997. 35(2): 119-25.

Chen, X., Wu, Y., Wang, C. Application of a Surgical Navigation System for
Zygoma Implant Surgery. 4th European Conference of the International
Federation for Medical and Biological Engineering. 2009. 940-3.

Al-Nawas, B., Wegener, J., Bender, C., Wagner, W. Critical Soft Tissue
Parameters of the Zygomatic Implant. J Clin Periodontol. 2004. 31(7): 497-
500.

Aparicio, C., Ouazzani, W., Aparicio, A., Fortes, V., Muela, R., Pascual, A.,
et al. Immediate/Early Loading of Zygomatic Implants: Clinical Experiences



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

143

after 2 to 5 Years of Follow-Up. Clin Implant Dent Relat Res. 2010. 12: 77-
82.

Bedrossian, E., Stumpel, L. J. Immediate Stabilization at Stage Il of
Zygomatic Implants: Rationale and Technique. J Prosthet Dent. 2001. 86(1):
10-4.

Ujigawa, K., Kato, Y., Kizu, Y., Tonogi, M., Yamane, G. Y. Three-
Dimensional Finite Elemental Analysis of Zygomatic Implants in
Craniofacial Structures. Int J Oral Maxillofac Surg. 2007. 36(7): 620-5.
Watanabe, 1., Hildebrand, S., Woody, R. D., Talwar, R. Zygoma Fixtures for
a Patient with a Severely Atrophic Maxilla: A Clinical Report. Int Chin J
Dent. 2005. 5: 71-4.

Pefiarrocha-Diago, M., Uribe-Origone, R., Rambla-Ferrer, J., Guarinos-
Carbo, J. Fixed Rehabilitation of a Patient with Hypohidrotic Ectodermal
Dysplasia Using Zygomatic Implants. Oral Surg Oral Med O. 2004. 98(2):
161-5.

Davo, R., Malevez, C., Rojas, J. Immediate Function in the Atrophic Maxilla
Using Zygoma Implants: A Preliminary Study. J Prosthet Dent. 2007. 97(6,
Supplement 1): 44-51.

Hirsch, J. M., Ohrnell, L. O., Henry, P. J., Andreasson, L., Branemark, P. 1.,
Chiapasco, M., et al. A Clinical Evaluation of the Zygoma Fixture: One Year
of Follow-Up at 16 Clinics. J Oral Maxillofac Surg. 2004. 62(9 Suppl 2): 22-
9.

Ferreira, E. J., Kuabara, M. R., Gulinelli, J. L. "All-On-Four" Concept and
Immediate Loading for Simultaneous Rehabilitation of the Atrophic Maxilla
and Mandible with Conventional and Zygomatic Implants. Brit J Oral Max
Surg. 2010. 48(3): 218-20.

Thomas J. Balshi, G. J. W., Vicki C. Petropoulos. Quadruple Zygomatic
Implant Support for Retreatment of Resorbed Iliac Crest Bone Graft
Transplant. Implant Dent. 2003. 12(1): 47-51.

Stevenson, A. R., Austin, B. W. Zygomaticus Fixtures: The Sidney
Experience. Ann R Australas Coll Dent Surg. 2000. 15: 337-9.

Tamura, H., Sasaki, K., Watahiki, R. Primary Insertion of Implants in the
Zygomatic Bone Following Subtotal Maxillectomy. Bull Tokyo Dent Coll.
2000. 41: 21-4.



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

144

Balshi, T. J., Wolfinger, G. J. Treatment of Congenital Ectodermal Dysplasia
with Zygomatic Implants: A Case Report. Int J Oral Maxillofac Implants.
2002. 17: 277-81.

Schmidt, B. L., Pogrel, M. A., Young, C. W., Sharma, A. Reconstruction of
Extensive Maxillary Defects Using Zygomaticus Implants. J Oral Maxillofac
Surg. 2004. 62: 82-9.

Landes, C. A. Zygoma Implant-Supported Midfacial Prosthetic
Rehabilitation: A 4-Year Follow-Up Study Including Assessment of Quality
of Life. Clin Oral Impl Res. 2005. 16: 313-25.

Bowden, J. R., Flood, T. R., Downie, I. P. Zygomaticus Implants for
Retention of Nasal Prostheses after Rhinectomy. Brit J Oral Max Surg. 2006.
44(1): 54-6.

Petruson, B. Sinuscopy in Patients with Titanium Implants in the Nose and
Sinuses. Scand J Plast Reconstr Surg Hand Surg. 2004. 38: 86-93.
Branemark, P. I. Surgery and Fixture Installation. Zygomaticus Fixture
Clinical Procedures. 1998.

Zwahlen, R. A., Gratz, K. W., Oechslin, C. K., Studer, S. P. Survival Rate of
Zygomatic Implants in Atrophic or Partially Resected Maxillae Prior To
Functional Loading: A Retrospective Clinical Report. Int J Oral Maxillofac
Implants. 2006. 21(3): 413-20.

Stella, J., Warner, M. Sinus Slot Technique for Simplification and Improved
Orientation of Zygomaticus Dental Implants: A Technical Note. Int J Oral
Maxillofac Implants. 2000. 15: 889-93.

Pefiarrocha, M., Uribe, R., Garcia, B., Marti, E. Zygomatic Implants Using
the Sinus Slot Technique: Clinical Report of a Patient Series. Int J Oral
Maxillofac Implants. 2005. 20: 788-92.

Boyes Varley, J., Howes, D., Lownie, J.,, Blackbeard, G. Surgical
Modifications to the Branemark Zygomaticus Protocol in the Treatment of
the Severely Resorbed Maxilla: A Clinical Report. Int J Oral Maxillofac
Implants. 2003. 18: 232-7.

Van Cleynenbreugel, J., Schutyser, F., Malevez, C., Dhoore, E., BouSerhal,
C., Jacobs, R., et al. Intra-Operative Transfer of Planned Zygomatic Fixtures
by Personalized Templates: A Cadaver Validation Study. Medical Image
Computing and Computer-Assisted Intervention. 2001. 1147-8.



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

145

Koser, L. R., Campos, P. S. F., Mendes, C. M. C. Length Determination of
Zygomatic Implants Using Tridimensional Computed Tomography. Braz
Oral Res. 2006. 20(4): 331-6.

Ahlgren, F., Storksen, K., Tornes, K. A Study of 25 Zygomatic Dental
Implants with 11 To 49 Months' Follow-Up after Loading. Int J Oral
Maxillofac Implants. 2006. 21(6): 421-5.

Becktor, J. P. On Factors Influencing the Outcome of Various Methods Using
Endosseous Implants for Reconstruction of the Atrophic Edentulous and
Partially Dentate Maxilla. Dissertation. Sweden: Goéteborg University; 2006.
Wu, Y. Q., Zhang, Z. Y., Tie, Y., Zhang, Z. Y., Wang, D. M., Zhang, C. P., et
al. Biomechanical Evaluation of Zygomatic Implant in Unilateral Maxillary
Defect Restoration. Shanghai Journal Of Stomatology. 2008. 17(3): 250-5.
Parel, S. M., Branemark, P.-1., Ohrnell, L.-O., Svensson, B. Remote Implant
Anchorage for the Rehabilitation of Maxillary Defects. J Prosthet Dent.
2001. 86(4): 377-81.

Jensen, O. T., Adams, M. W. The Maxillary M-4: A Technical and
Biomechanical Note for All-On-4 Management of Severe Maxillary Atrophy:
Report of Three Cases. J Oral Maxillofac Surg. 2009. 67: 1739-44.
Bevilacqua, M., Tealdo, T., Pera, F., Menini, M., Mossolov, A., Drago, C., et
al. Three-Dimensional Finite Element Analysis of Load Transmission Using
Different Implant Inclinations and Cantilever Lengths. Int J Prosthodont.
2008. 21(6): 539-42.

Malo, P., Rangert, B., Dvarsater, L. Immediate Function of Branemark
Implants in the Esthetic Zone: A Retrospective Clinical Study with 6 Months
to 4 Years of Follow-Up. Clin Implant Dent Relat Res. 2000. 2(3): 138-46.
Dario, L. J., Aschaffenburg, P. H., English, R., Jr., Nager, M. C. Fixed
Implant Rehabilitation of the Edentulous Maxilla: Clinical Guidelines and
Case Reports. Part 11. Implant Dent. 2000. 9(1): 102-9.

Eskitascioglu, G., Usumez, A., Sevimay, M., Soykan, E., Unsal, E. The
Influence of Occlusal Loading Location on Stresses Transferred To Implant-
Supported Prostheses and Supporting Bone: A Three-Dimensional Finite
Element Study. J Prosthet Dent. 2004. 91(2): 144-50.

Weinberg, L. A. Biomechanics of Force Distribution in Implant-Supported
Prostheses. Int J Oral Maxillofac Implants. 1993. 1(8): 19-31.



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

146

Bakke, M. Bite Force and Occlusion. Seminars in Orthodontics. 2006. 12(2):
120-6.

Ikebe, K., Nokubi, T., Morii, K., Kashiwagi, J., Furuya, M. Association of
Bite Force with Ageing and Occlusal Support in Older Adults. J Dent. 2005.
33(2): 131-7.

Haraldson, T., Karlsson, U., Carlsson, G. E. Bite Forces and Oral Function in
Complete Denture Wearers. J Oral Rehabil. 1979. 6: 41-8.

Brunski, J. B. Biomechanical Factors Affecting the Bone-Dental Implant
Interface. Clin Mater. 1992. 10(3): 153-201.

Bonnet, A. S., Postaire, M., Lipinski, P. Biomechanical Study of Mandible
Bone Supporting A Four-Implant Retained Bridge: Finite Element Analysis
of the Influence of Bone Anisotropy and Foodstuff Position. Med Eng Phys.
2009. 31(7): 806-15.

Hattori, Y., Satoh, C., Kunieda, T., Endoh, R., Hisamatsu, H., Watanabe, M.
Bite Forces and Their Resultants During Forceful Intercuspal Clenching in
Humans. J Biomech. 2009. 42(10): 1533-8.

Lin, C. L., Lin, Y. H., Chang, S. H. Multi-Factorial Analysis of Variables
Influencing the Bone Loss of an Implant Placed in the Maxilla: Prediction
Using FEA and SED Bone Remodeling Algorithm. J Biomech. 2010. 43(4):
644-51.

Brunski, J. B. Biomaterials and Biomechanics in Dental Implant Design. Int J
Oral Maxillofac Implants. 1988. 3: 85-97.

Rangert, B., Sennerby, L., Meredith, N., Brunski, J. B. Design, Maintenance
and Biomechanical Considerations in Implant Placement. Dental Update.
1997. 24: 416-20.

Jemt, T. Implant Treatment in Resorbed Edentulous Upper Jaws. A Three-
Year Follow-Up Study on 70 Patients. Clin Oral Impl Res. 1993. 4: 187-94.
Zitzmann, N. U., Marinello, C. P. Treatment Outcomes of Fixed or
Removable Implant-Supported Prostheses in the Edentulous Maxilla. Part II:
Clinical Findings. J Prosthet Dent. 2000. 83(4): 434-42.

Bardo, V. A. R., Assuncdo, W. G., Tabata, L. F., de Sousa, E. A. C., Rocha,
E. P. Effect of Different Mucosa Thickness and Resiliency on Stress
Distribution of Implant-Retained Overdentures - 2D FEA. Comput Meth Prog
Bio. 2008. 92(2): 213-23.



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

147

Mericske-Stern, R., Venetz, E., Fahrlander, F., Burgin, W. In Vivo Force
Measurements on Maxillary Implants Supporting a Fixed Prosthesis or an
Overdenture: A Pilot Study. J Prosthet Dent. 2000. 84(5): 535-47.

Zitzmann, N. U., Marinello, C. P. Treatment Outcomes of Fixed or
Removable Implant-Supported Prostheses in the Edentulous Maxilla. Part I:
Patients' Assessments. J Prosthet Dent. 2000. 83(4): 424-33.

Geremia, T., Naconecy, M. M., Mezzomo, L. A., Cervieri, A., Shinkai, R. S.
A. Effect of Cantilever Length and Inclined Implant. Rev Odonto Cienc.
2009. 24(2): 145-50.

Krekmanov, L. Placement of Posterior Mandibular and Maxillary Implants in
Patients with Severe Bone Deficiency: A Clinical Report of Procedure. Int J
Oral Maxillofac Implants. 2000. 15(5): 722-30.

Sailer, H. F. A New Method of Inserting Endosseous Implants in Totally
Atrophic Maxillae. J Cranio Maxill Surg. 1989. 17(7): 299-305.

Sertgdz, A., Glvener, S. Finite Element Analysis of the Effect of Cantilever
and Implant Length on Stress Distribution in an Implant-Supported Fixed
Prosthesis. J Prosthet Dent. 1996. 76(2): 165-9.

Rossetti, P. H. O., Bonachela, W. C., Rossetti, L. M. N. Relevant Anatomic
and Biomechanical Studies for Implant Possibilities on the Atrophic Maxilla:
Critical Appraisal and Literature Review. J Prosthodont. 2010. 19(6): 449-57.
Ochiai, K. T., Williams, B. H., Hojo, S., Nishimura, R., Caputo, A. A.
Photoelastic Analysis of the Effect of Palatal Support on Various Implant-
Supported Overdenture Designs. J Prosthet Dent. 2004. 91(5): 421-7.

Van Staden, R. C., Guan, H., Loo, Y. C. Application of the Finite Element
Method in Dental Implant Research. Comput Methods Biomech Biomed
Engin. 2006. 9(4): 257-70.

Lan, T. H., Huang, H. L., Wu, J. H., Lee, H. E., Wang, C. H. Stress Analysis
of Different Angulations of Implant Installation: The Finite Element Method.
The Kaohsiung Journal of Medical Sciences. 2008. 24(3): 138-43.

Li, T., Hu, K., Cheng, L., Ding, Y., Ding, Y., Shao, J., et al. Optimum
Selection of the Dental Implant Diameter and Length in the Posterior
Mandible with Poor Bone Quality - A 3D Finite Element Analysis. Appl
Math Modell. 2011. 35(1): 446-56.



131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

148

Dittmer, M. P., Kohorst, P., Borchers, L., Stiesch-Scholz, M. Finite Element
Analysis of a Four-Unit All-Ceramic Fixed Partial Denture. Acta
Biomaterialia. 2009. 5(4): 1349-55.

Weinstein, A. M., Klawitter, J. J., Anand, S. C., Schuessler, R. Stress
Analysis of Porous Rooted Dental Implants. J Dent Res. 1976. 55(5): 772-7.
Gautam, P., Valiathan, A., Adhikari, R. Stress and Displacement Patterns in
the Craniofacial Skeleton with Rapid Maxillary Expansion: A Finite Element
Method Study. Am J Orthod Dentofac. 2007. 132(1): 5.e1-5.e11.

Xiao Ling, C. Influence of Bone Quantity and Quality on Stress Distribution
in a Maxillary Implant-Supported Overdenture: A 3-Dimensional Finite
Element Analysis. Dissertation. Singapore: National University of Singapore;
2007,

Uchida, H., Kobayashi, K., Nagao, M. Measurement In Vivo of Masticatory
Mucosal Thickness with 20 Mhz B-Mode Ultrasonic Diagnostic Equipment.
J Dent Res. 1989. 68(2): 95-100.

Lundstréom, A., Lundstréom, F. The Frankfort Horizontal as a Basis for
Cephalometric Analysis. Am J Orthod Dentofac. 1995. 107(5): 537-40.
Teixeira, E. R., Sato, Y., Akagawa, Y., Shindoi, N. A Comparative
Evaluation of Mandibular Finite Element Models with Different Lengths and
Elements for Implant Biomechanics. J Oral Rehabil. 1998. 25(4): 299-303.
Cattaneo, P. M., Dalstra, M., Melsen, B. The Transfer of Occlusal Forces
through the Maxillary Molars: A Finite Element Study. Am J Orthod
Dentofac. 2003. 123(4): 367-73.

Lin, C. L., Chang, S. H.,, Wang, J. C. Finite Element Analysis of
Biomechanical Interactions of a Tooth-Implant Splinting System for Various
Bone Qualities. Chang Gung Med J. 2006. 29(2): 143-53.

Cheng, Y. Y., Cheung, W. L., Chow, T. W. Strain Analysis of Maxillary
Complete Denture with Three-Dimensional Finite Element Method. J
Prosthet Dent. 2010. 103(5): 309-18.

Manda, M., Galanis, C., Georgiopoulos, V., Provatidis, C., Koidis, P. Effect
of Varying the Vertical Dimension of Connectors of Cantilever Cross-Arch
Fixed Dental Prostheses in Patients with Severely Reduced Osseous Support:
A Three-Dimensional Finite Element Analysis. J Prosthet Dent. 2010.
103(2): 91-100.



142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

149

Duyck, J., Naert, 1., Van Oosterwyck, Ronold, H. J., Vander Sloten, J.,
Ellingsen, J. The Influence of Static and Dynamic on Marginal Bone
Reactions around Osseointegrated Implants: An Animal Experimental Study.
Clin Oral Impl Res. 2001. 12: 207-18.

Rabel, A., Koéhler, S. G., Schmidt-Westhausen, A. M. Clinical Study on the
Primary Stability of Two Dental Implant Systems with Resonance Frequency
Analysis. Clin Oral Invest. 2007. 11: 257-65.

Provatidis, C. G., Georgiopoulos, B., Kotinas, A., McDonald, J. P. Evaluation
of Craniofacial Effects During Rapid Maxillary Expansion through
Combined In Vivo/In Vitro and Finite Element Studies. Eur J Orthodont.
2008. 30(5): 437-48.

Daas, M., Dubois, G., Bonnet, A. S., Lipinski, P., Rignon-Bret, C. A
Complete Finite Element Model of a Mandibular Implant-Retained
Overdenture with Two Implants: Comparison between Rigid and Resilient
Attachment Configurations. Med Eng Phys. 2008. 30(2): 218-25.

Rubo, J. H., Capello Souza, E. A. Finite Element Analysis of Stress on Dental
Implant Prosthesis. Clin Implant Dent Relat Res. 2010. 12(2): 105-13.
Bevilacqua, M., Tealdo, T., Menini, M., Pera, F., Mossolov, A., Drago, C., et
al. The Influence of Cantilever Length and Implant Inclination on Stress
Distribution in Maxillary Implant-Supported Fixed Dentures. J Prosthet
Dent. 2011. 105(1): 5-13.

Weinberg, L. A. Therapeutic Biomechanics Concepts and Clinical Procedures
to Reduce Implant Loading. Part I. J Oral Implantol. 2001. 27(6): 293-301.
Cehreli, M. C., Iplikcioglu, H., Bilir, O. G. The Influence of the Location of
Load Transfer on Strains around Implants Supporting Four Unit Cement-
Retained Fixed Prostheses: In Vitro Evaluation of Axial Versus Off-Set
Loading. J Oral Rehabil. 2002. 29(4): 394-400.

Fanuscu, M. 1., Vu, H. V., Poncelet, B. Implant Biomechanics in Grafted
Sinus: A Finite Element Analysis. J Oral Implantol. 2004. 30(2): 59-68.

Saab, X. E., Griggs, J. A., Powers, J. M., Engelmeier, R. L. Effect of
Abutment Angulation on the Strain on the Bone around an Implant
in the Anterior Maxilla: A Finite Element Study. J Prosthet Dent. 2007.
97(2): 85-92.



152.

153.

154.

155.

156.

157.

158.

159.

160.

150

Misch, C. E. Implant Design Considerations for the Posterior Regions of the
Mouth. Implant Dent. 1999. 8(4): 376-86.

Papavasiliou, G., Kamposiora, P., Bayne, S. C., Felton, D. A. Three-
Dimensional Finite Element Analysis of Stress-Distribution around Single
Tooth Implants as a Function of Bony Support, Prosthesis Type, and Loading
During Function. J Prosthet Dent. 1996. 76(6): 633-40.

Geng, J. P., Xu, W., Tan, K. B. C,, Liu, G. R. Finite Element Analysis of an
Osseointegrated Stepped Screw Dental Implant. J Oral Implantol. 2004.
30(4): 223-33.

Yoshino, M., Kato, Y., Kizu, Y., Tonogi, M., Abe, S., Ide, Y., et al. Study on
Internal Structure of Zygomatic Bone Using Micro-Finite Element Analysis
Model Differences between Dentulous and Edentulous Dentition in Japanese
Cadavers. Bull Tokyo Dent Coll. 2007. 48(3): 129-34.

Malevez, C., Daelemans, P., Adriaenssens, P., Durdu, F. Use of Zygomatic
Implants to Deal with Resorbed Posterior Maxillae. Periodontol 2000. 2003.
33(1): 82-9.

Gross, M. D., Arbel, G., Hershkovitz, I. Three-Dimensional Finite Element
Analysis of the Facial Skeleton on Simulated Occlusal Loading. J Oral
Rehabil. 2001. 28(7): 684-94.

Corvello, P. C., Montagner, A., Batista, F. C., Smidt, R., Shinkai, R. S.
Length of the Drilling Holes of Zygomatic Implants Inserted with the
Standard Technique or a Revised Method: A Comparative Study in Dry
Skulls. J Cranio Maxill Surg. 2011. 39(2): 119-23.

Budynas, R. G., Nisbett, J. K. Shigley's Mechanical Engineering Design. 8th
ed. New York: Mc Graw Hill. 2008.

Glantz, P. O., Nilner, K. Biomechanical Aspects of Prosthetic Implant-Borne
Reconstructions. Periodontol 2000. 1998. 17(1): 119-24.





