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Abstract
Restoration of bilateral maxillectomy defects is inherently challenging. 

Zygomatic implants are one of the non-bone grafting solutions for 
restoration of such defects which require minimum armamentarium and are 
widely available. The Quad Zygomatic Implants have a long track record 
in maxillectomy defects secondary to cancer ablative surgeries. In the 
current scenario, they are being used in COVID associated mucormycosis 
maxillectomy defects. Since there is a paucity in literature on the use of 
zygomatic implants in the above-mentioned malady, we have used finite 
element analysis to assess the longevity of the Quad Zygomatic Implants 
concept and the newer Hexa Zygomatic Implants concept for these types 
of cases. The finite element analysis showed similar results for both the 
concepts on simulation which leads to the conclusion whereas both are 
viable treatment modalities. The Quad Zygomatic Implants concept is 
the more economically favourable and practical solution. As this a finite 
element analysis study, clinical based studies with long follow-up may 
shed light on a more conclusive clinical outcomes.
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Introduction
The reconstruction of a maxillary defect after resection continues to 

pose a challenge for the reconstructive oral and maxillofacial surgeon. 
There are numerous alternatives for patients with maxillectomy defects 
in terms of functional and aesthetic rehabilitation. The currently available 
maxillary reconstructive techniques include placement of a prosthetic 
obturator, local and regional flaps, and microvascular free flaps.[1-5]  The 
different reconstructive techniques have specific indications and advantages 
depending on the ablative defect, the medical status of the patient, and the 
patient’s prognosis. The maxillary obturator has a long history of effectively 
managing the functional, cosmetic, and psychological problems associated 
with a maxillectomy defect. However, when extensive resections are required, 
significant problems with obturator retention, support, and stability can be 
encountered after the ablation of retentive maxillary anatomy. Other options 
include placing implants without bone grafting in anatomical buttresses (such 
as the frontomaxillary, frontozygomatic, palatal vault, pterygomaxillary 
buttress, etc.). [6] Bone grafting methods to fill up maxillectomy deficits 
frequently include a two-stage operation with delayed implant placement, 
which is associated with donor-site morbidity. [7] As a result, the patient 
will have to wait longer to start their rehabilitation, which will result in 
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more financial loss for the patients. In the functional and 
aesthetic rehabilitation of patients with maxillectomy defects, 
zygomatic implants continue to be a crucial non-grafting 
option. Zygomaticus implants were originally designed 
for reconstruction of the atrophic, edentulous maxilla.[8]  
Zygomatic implants have been used since their initial design 
by Nobel Biocare and introduction by Branemark in 1988, 
reducing the number of surgeries and length of time needed 
for the successful rehabilitation of such patients. [9] 

The biomechanical demands of the extensive maxillectomy 
defects have prompted the search for alternative points of 
anchorage for zygomatic implants that allows stabilizing 
a prosthesis in young patients (30 years old or more) for 
restitution of function and form.

The initial plan was for placing one implant in each 
zygoma, bilaterally, along with at least two standard implants 
in the anterior sector. Using more than three implants on each 
side of the upper maxilla (5 implants system with anchorage 
in malar bone) to support the dental prosthesis, Bothur et 
al. [10] described a modification of the standard zygomatic 
implant placement technique. This avoided the need for bone 
graft procedures in the premaxillary zone. To determine the 
prognosis for this method, it would be fascinating to know 
the long-term outcomes. The fifth implant made a difference 
in prosthetic stability for the resorbed maxilla, according 
to a protocol for a pentagonal zygomatic implant system 
described by Dr. Guerrero and colleagues in 2008 [11].

The authors of this study have expanded on the concept 
given by Dr.Guerrero and colleagues by conceptualising the 
utility of ‘Hexa-Zygomatic’ implants for our cases of bilateral 
maxillectomy defects. An FEA study was thus conducted to 
compare this new concept and challenge the conventional 
use of Quad-Zygomatic implants considering the drawbacks 
and clinical scenario presented by our set of cases. The 
motivation for this new modification was that the existing 
literature in favour of Quad Zygomas have largely been for the 
rehabilitation of atrophic maxillae and maxillectomy defects 
secondary to cancer ablative surgeries. Thus, the purpose of 
this study was to review the biochemical outcome of patients 
who have had maxillectomy for pathologic reasons and have 
been reconstructed using Hexa-Zygomatic Implants concept 
and Quad-Zygomatic Implants concept.

Material and Methods
In the present study, a low maxillectomy defect was 

simulated and repaired with Quad Zygoma and Hexa Zygoma 
Concept using a maxillofacial model of the same volunteer 
that was previously built using CT scan data. The implants 
were subjected to vertical and lateral loads that simulated 
bite forces, and the distribution of stresses on the zygoma 
implants, supporting bones, superstructures, and abutments 
was analysed.

The head of a 42 years old male volunteer was scanned 
with a clinical CT scanner (Siemens Somatom Sensation) 
with a slice thickness of 0.625 mm and the data was saved as 
Digital Imaging and Communications in Medicine (DICOM) 
files. The subject was explained about the purpose of this 
study and consent was obtained for the use of the data. The 
DICOM data was imported into the software of GeoMagics 
Freeform and every bone was separated respectively in 
transverse and sagittal and coronal planes slice by slice so 
that those can be isolated and the models can be constructed 
by region growing. And then the models were exported as 
type STL (Stereo Lithographic) files which were imported 
into the software of Dassault Systemes to generate elemental 
subparts of various shapes like rod, beam, etc connected to 
each other in three planes by triangles. [12]

The process of dividing the structure into discrete number 
of elements and nodes is designated as discretization.  Nodes 
and elements together are known as mesh. Mesh pattern is 
created. To increase accuracy division is increased, number 
of elements is increased. If the number of elements in a 
model are increased it would result in fine meshing. Increase 
in accuracy is accompanied by increase in complexity of 
mathematical calculation and system requirement. Greater 
variation of stresses are divided into elements.

Post Discretization material properties are designed 
for elements. Material properties designated are Young's 
modulus or modulus of elasticity, Poisson's ratio, density, 
yield strength, etc. Amongst the above properties, Young's 
modulus and Poisson's ratio are more significant.

Before simulation in the model, the boundary conditions 
were assigned. After boundary condition was assigned, 
loading was done to stimulate the conditions. Loading is 
to be done at specific nodes and it is designated in terms of 
forces or displacement created by force. Vertical loads of 
150 N and 135 N were applied at the posterior and anterior 
implant respectively. All materials involved in the models 
were assumed to be isotropic, homogenous, linearly elastic 
and static. The implants in contact with the bone were 
assumed to be completely osseointegrated. The properties 
of materials used in this study, including Young’s modulus 
and Poisson’s ratio, were obtained from early literatures [13], 
and that of the bones were calculated according to Zannoni 
et al.’s study. They have proved that Young’s modulus has a 
fixed relationship with the apparent density of bones, which 
is equivalent to the gray value of the bones in CT images. 
So Young’s modulus differs depending on the area of bony 
materials [14]

After initial process is completed, model is ready for 
analysis. Before analysis, software checks the model or cross-
verifies pre-processing. Stiffness is measured. The integral 
part of this step is displacement of node in three planes.



Datarkar A, et al., J Environ Sci Public Health 2023
DOI:10.26502/jesph.96120185

Citation: Abhay Datarkar, Priyanka Relan, Arwa Pardiwala, Prashant Pandilwar, Eitan Mijiritsky. A Comparative Finite Element Analysis of ‘Hexa-
Zygomatic’ Implants vs Conventional Quad Zygomatic Implants for The Rehabilitation of Bilateral Maxillectomy Defects. Journal of 
Environmental Science and Public Health. 7 (2023): 37-43.

Volume 7 • Issue 1 39 

exhibited some amount of displacement. A diagrammatic 
representation of the displacement of the Hexa-Zygomatic 
Implants and the Quad Zygomatic Implants are depicted in 
Figure 3 and Figure 4 respectively. 

In Figure 3, it was observed that the part of all the 6 implants 
emerging from the bone showed minimal displacement. 
The implant-abutment interfaces of all the 6 implants were 
displaced moderately being within the blue-green spectrum. 
The highest amount of displacement was observed in the 
posterior most implant on the left side depicted by the red 
colour. In figure 4, the right anterior and posterior implants 
and the left anterior implants showed minimal displacement 
along their entire length depicted by blue colour. It was only in 
the left posterior implant that the implant-abutment interface 
showed a higher displacement as it was in the red colour on 
the spectrum. Nonetheless, the implant-bone interface of the 
said implant was within the blue colour on the spectrum.

Upon these findings, it was deemed necessary to compute 
the safety factor which is the ratio between the strength of the 
material and maximum stress borne by the part. When the 
safety factor is below 1, the implant is at danger of failure 
due to breakage. In this FEA, the safety factor at no part of 

The displacements of each node in each of the three planes 
of space are then determined by solving a basic equation.

The displacement can be solved by the equation,  

{F}= [K] {u} 

{F}- Nodal force matrix  

{U}=nodal displacement matrix and [K] = global stiffness 
matrix

The nodal displacement was computed and stresses was 
calculated. 

The solution was derived, results were displayed and 
analysed

Results
In the study of biomechanics, an equivalent force 

known as the von Mises stress (VM) is widely used. The 
researchers can quickly determine the most dangerous area 
of the model since it can vividly depict the stress variations 
throughout the whole simulation. In this study, VM stresses 
on the supporting bones, Hexa Zygomatic implants and Quad 
Zygomatic implants were used to assess the distribution of 
loads. Pseudo-colors on the implant structures represent the 
stresses borne by the implants. 

Von-Miss Stress

In Hexa-Zygomatic Concept, a load of 50N, 90N & 150N 
were applied on the bilateral anterior, middle and posterior 
implants respectively. The simulation of the same is depicted 
in Figure.1.

The most strained areas are depicted in red, while the 
unstressed regions are displayed in dark blue. In the above 
Fig.1, maximum stresses were observed at the point of 
emergence from the bone for all the 6 implants. The stresses 
though were found to be in the green zone of the VM stress 
colour spectrum which is considered to be the intermediate 
zone. 

In Quad Zygomatic Implant Concept, the loads simulation 
applied on the anterior and posterior implants were 50 N and 
150 N respectively as displayed in Figure 2.

After the application of loads, the simulated model 
revealed that maximum stresses were borne by the posterior 
implants, whereas as the anterior implants were in the blue 
zone along their entire length. The posterior implant on the 
right side showed the point of emergence of the implant from 
the bone to be in the mild stress zone depicted by the green 
colour on the VM stress colour spectrum. The posterior left 
implant depicted colours ranging from green, yellow and a 
tinge of red at the junction of bone-implant interface.

Displacement 

As the loads were applied on the implants, the implants 

Figure 1: Colour spectrum representation of Von Miss stress in 
hexa zygomatic implants concept

Figure 2: Colour spectrum representation of Von Miss stress in 
quad zygomatic implants concept
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the implant in both Hexa-zygomatic and Quad zygomatic 
concepts was below 1 as can be seen in Figure.5 and Figure 
6, respectively. 

Discussion
Radical surgical excision of the jaws due to pathological 

reasons often leads to a severe deficit of the involved 
anatomical structures. Extensive surgery for maxillary tumour 
resection results in severe functional, emotional, and social 
impacts for patients. Moreover, immediate reconstruction 
with local pedicled flaps or microsurgical flaps is not 
always possible, maximizing the postoperative functional 
impairment [15]. Although minor maxillectomy defects 
can be easily repaired by means of a combined surgical 
and prosthetic rehabilitation, major maxillectomy defects 
often need a challenging implant-prosthetic rehabilitation. 
Indeed, major maxillectomy leads to the complete loss of 
alveolar bone and hard palate with a consequent severe loss 
of support to the facial soft tissues such as the lip, check, 
and nose. Moreover, in most cases surgery is associated to 
postoperative radiotherapy that always causes an adjunctive 
impairment of the elastic properties of the aforementioned 
anatomical facial structures [15].

The fabrication of a maxillary obturator is especially 
challenging in presence of a large maxillary defect. While the 
obturator is essential for restoring facial contour, functional 
mastication, articulation, and speech intelligibility, its 
creation could be actually impossible in wide maxillary 
defects. The closure of the defect depends on a pressure-
resistant seal of the obturator bulb and a prosthetic design 
that uses all the nearest remaining anatomical structures to 
obtain a satisfactory stability and retention. In such case of 
wide bone defects, the obturator prosthesis cannot rely on any 
anatomical support. Dental implants positioning represents 
an optimal option to create a new anatomical support to the 
obturator prosthesis. 

Conventional dental implants are the most common option 
to treat a patient with small and medium-sized defects of the 
upper jaw: in presence of a well-represented alveolar bone 

Figure 3: Colour spectrum representation of Displacement in hexa 
zygomatic implants concept

Figure 4: Colour spectrum representation of Displacement in quad 
zygomatic implants concept

Figure 5: Depicting Factor of safety in hexa zygomatic implants 
concept

Figure 6: Depicting Factor of safety in quad zygomatic implants 
concept
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crest, conventional Endo-osseous implants can allow in most 
cases a stable support to the obturator prosthesis.[16,17,18] In 
all those patients that, after a subtotal maxillectomy, similar 
to our case, cannot be immediately reconstructed with a 
microsurgical revascularized bone flap, the zygoma implants 
represent the only available option to obtain a stable support 
for an obturator prosthesis. The design of zygoma implants 
allows the surgeons to insert these implants even in case of 
total maxillary bone defect because they obtain a bicortical 
stability through the malar bone. [19,20,21]. Moreover, 
zygoma implants are commonly placed at a 30-60 degree 
angle relative to the occlusal plane [21] in order to minimize 
the large lever arm and, although no implant fractures have 
been reported to date, to avoid any possible postoperative 
mechanical deficit. In presence of a severe maxillary atrophy 
or a wide maxillary defect, a ‘‘quad’’ approach 1 or 2 zygoma 
implants in the posterior maxilla and 1 or more conventional 
implants in the anterior maxilla is nowadays considered as 
the best option. A ‘‘quad’’ approach based on just 4 zygoma 
implants inserted in the posterior maxilla has been also 
described as a viable option [19,22-24].

Hexa-Zygomatic Implants in bilateral maxillectomy 
defect reconstruction is a new concept. In 2010, Miyamoto 
and colleagues describe the biomechanical aspect in 
maxillary prostheses with zygomatic implants, stress was 
dispersed around the zygomatic bone on the affected side, and 
stress distribution to the orbital cavity was confirmed [25]. 
This suggests that occlusal force affects the orbital cavity. 
The maximum stress was 2 MPa, suggesting that the effects 
of occlusal forces on the orbital cavity are minimal and that 
placement of implants in zygomatic bone on the affected 
side is feasible for dispersion of occlusal forces [25,26]. The 
above study by Miyamoto.et.al was carried out in cases with 
atrophic maxilla. This leaves us with another conundrum 
as there are no studies in the literature that validate the 
use of Hexa-Zygomatic implants in the type of bilateral 
maxillectomy defects. 

Placing of three or two zygomatic implants on each side 
requires an adequate antero-posterior length of zygomatic 
bone to achieve the correct inclination for the distribution of 
forces. The reconstructive surgeon should take an anatomy 
guided approach to arrive at the conclusion whether placement 
of three or two zygomatic implants on each side is feasible on 
a case-to-case basis.  In the present case, based on the FEA, the 
authors assume that four well-positioned zygomatic implants 
could get stability equivalent to six zygomatic implants. 
The authors also state that during simulation both the Hexa-
zygomatic and Quad-zygomatic Implants concept were prone 
to the similar stresses and displacement on loading. As the 
use of Quad Zygomatic implants have a long track record in 
maxillectomy defects due to cancer ablative surgeries, so we 
must keep in mind that this a reliable and irrefutable option for 
such cases with a lot of evidence-based research backing the 

intervention. This is the reason that the authors have found it 
necessary to weigh the pros and cons of both concepts with no 
prior bias. The merits of Quad Zygomatic Implants concept in 
bilateral maxillectomy defects are that they are economical, 
require less operating time for placement, are easily available 
and have a long track record of success. The Hexa Zygomatic 
Implants concept on the other hand provides leeway in cases 
of failure of any of the individual implants which in case 
of Quad Zygomatic Implant would require re-insertion of 
a fresh implant. Keeping this in mind, the Hexa Zygomatic 
Implants concept will require placement of two additional 
implants adding to the cost and an increase in the operating 
time. Considering these factors, the authors pose a question 
that if the operating surgeons planning is sound and if the 
placement is accurate and fail-safe is there a requirement 
to place those two additional implants in extension to Quad 
Zygoma Concept when the data shows the longevity of both 
treatment concepts are similar. 

The biomechanical evaluation of both the interventions 
have given similar values on simulation. There was a non-
significant difference in the values of Von- Misses stresses, 
Displacement and Factor of safety for both concepts. Thus, 
our study supports that the use of Quad zygomatic implants 
is viable option in our particular patient base negating the 
use of additional implants which seemingly provide no 
added benefits and infact increase the monetary strain on the 
patients.  Weighing all the factors from a clinical standpoint 
the authors believe that the quad zygomatic implant concept 
gives a cost-effective treatment modality for patients with 
bilateral maxillectomy defects which is the crux of our 
analysis.

Conclusion
Finite element analysis (FEA) has proved a useful 

tool to investigate the distribution of stresses around the 
implants. Although limited data are available on the long-
term performance of zygoma implants, the literature provides 
evidence that such implants, associated or not to conventional 
implants, represent a viable and adaptable option to 
rehabilitate low maxillectomy defects.

The authors believe that placement of Hexa and Quad 
zygomatic implants are both viable reconstructive options in 
patients with subtotal maxillectomy defects. The final decision 
should be made on a case specific basis by assessing the 
available antero-posterior length and width of the zygomatic 
bone so as to say the surgeon must opt for an anatomy guided 
approach. 

In the case in question based on the patients’ anatomy and 
the results of FEA simulation the authors find that it would 
have been possible to place ‘Quad’ or ‘Hexa’ zygomatic 
implants. With this in mind, we advocate the use of quad 
zygomatic implant system in patients with low maxillectomy 
defects because of the following:
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