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Abstract

Objectives: To study the distribution of stress and displacement of landmarks during maxillary protraction with conventional face-

mask and modified facemask using finite element analysis.

Methodology: Cone beam computerized tomography images are used to generate two finite element models. A force of 1500 gram
is applied at 30 degrees in a downward and forward direction to the maxillary occlusal plane in the first model and at a distance of
15 mm and parallel to the maxillary occlusal plane in the second model. Stress generated in the frontomaxillary, pterygomaxillary,
zygomaticomaxillary, zygomaticofrontal and zygomaticotemporal sutures and the displacement of the frontal process of the maxilla,
Prosthion, point A and FA point of the first molar were studied in both models.

Results: In the modified face mask, maximum stresses were generated in the zygomaticotemporal suture and frontomaxillary
sutures. In the conventional facemask, maximum stresses were generated in the pterygomaxillary and zygomaticomaxillary sutures.
In the modified facemask, landmarks Prosthion, point A and FA point of the first molar showed greater movement in the anterior
direction and in the transverse direction. In the vertical direction, the magnitude of displacement of the frontal process of the maxilla,
prosthion, point A and FA point of the first molar was more in the conventional facemask.

Conclusion: The modified facemask demonstrated lesser magnitude of maxillary rotation in a counterclockwise direction and more

anteroposterior movement as compared to the conventional facemask. This backs Nanda’s original claim regarding his modification.
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Introduction

In 1899, Angle classified malocclusions into Class I, Class II, and Class III based on the relationship of the first molars and the align-

ment of teeth relative to the line of occlusion [1]. Until the 1970s, mandibular prognathism was considered the primary cause of A Class
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[l growth pattern [2]. Many studies since have found that, maxillary hypoplasia is the primary etiology of the Class IIl malocclusion [3,4].

This led to a change in treatment modality, from chin cups to facemasks.

The facemask is an orthopaedic appliance used to protract the maxilla. Class Il treatment with face mask was first performed by
Potpeschnigg in 1875 [5]. However, adverse effects such as counter-clockwise rotation of maxilla, clockwise rotation of mandible and
increase in lower facial height have been documented. This led to modifications in design of the conventional facemask. One such modi-
fication was brought about by Nanda in 1980, in which force was directed through the centre of resistance of maxilla [6]. He claimed that

his modification brought about pure translation of maxilla.

The technique of finite element analysis (FEA) was developed by R Courant,, et al. in 1956 and was introduced into dental biomechani-
cal research in 1973 [7]. This technique can be used to calculate the stress and strain levels induced in craniofacial structures with applica-

tion of external forces. For this reason FEA finds application in the analysis and design of orthopaedic devices.

Objective of the Study

The objective of the present study was to evaluate and compare, through FEA, the stress distribution and displacement of landmarks

during maxillary protraction while using conventional facemask and Nanda’s modified facemask.

Materials and Methods

A Cone Beam Computerized Tomography (CBCT) image of a subject presenting with skeletal Class III malocclusion with retrogna-
thic maxilla was used, to obtain two three-dimensional mathematical models, using MIMICS software. MIMICS, Materialise’s Interactive
Medical Image Control System, is an interactive tool for the visualization and segmentation of CT images as well as MRI images and 3D
rendering of objects. ANSYS 12.1 software was used to generate the finite element model. The finite element model thus built comprised
of 4,52,014 elements and 95,096 nodes. Circummaxillary sutures such as Zygomatico-maxillary suture, Frontomaxillary suture, Pterygo-
maxillary suture, Zygomaticotemporal suture and Zygomatico-frontal suture were incorporated in the finite element models. Mechanical
properties such as Young’s modulus and Poisson’s ratio of compact bone, cortical bone, tooth and sutures were fed to the finite element
model (Table 1).

Material Young’s Modulus (N/mm?) | Poisson’s Ratio
Cortical bone 1.34x10° 0.30
Suture 68.65 0.40
Tooth 2.03x10° 0.30

Table 1: Young’s modulus and poisson’s ratio of cortical bone, suture and tooth.

Results and Discussion
Stress distribution

Highest compressive stress was seen to be generated in Frontomaxillary suture in both types of facemask. Both in the conventional
facemask and modified facemask, greatest von Mises stress was generated in the Zygomaticotemporal suture. The least stresses were

around the pterygomaxillary suture in both types (Table 2 and 3).

Displacement

In the modified facemask, landmarks prosthion, point A and FA point of the first molar showed greater movement in the anterior

direction, in comparison to conventional facemask, suggestive of increased anteroposterior movement in the modified facemask. In the
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Sutures Conventional facemask method | Modified facemask method
Frontomaxillary -1.2 -5.7
Pterygomaxillary 0.51 0.45
Zygomaticomaxillary 12.85 10.58
Zygomaticotemporal 17.68 18.3
Zygomaticofrontal 7.67 5.44

Table 2: Comparison of von Mises stresses generated in Sutures during Protraction with Conventional

Facemask and Modified Facemask (in MPa).

Sutures Conventional facemask method | Modified facemask method
Frontomaxillary 1.305 4.32
Pterygomaxillary 0.2 0.18
Zygomaticomaxillary 7.83 6.85
Zygomaticotemporal 8.812 9.823
Zygomaticofrontal 3.07 2.52

Study of Displacement and Stress Distribution in Maxillofacial Complex Following Maxillary Protraction with Conventional and

2007

Table 3: Comparison of principle stresses generated in sutures during protraction with conventional
facemask and modified facemask (in MPa).

transverse direction, all the four landmarks studied showed a higher magnitude of displacement in the modified facemask as compared to
the conventional facemask. In the vertical direction, the magnitude of displacement of the frontal process of the maxilla, prosthion, point
A and FA point of the first molar in the modified facemask was lesser in magnitude compared to those of conventional facemask, which is

suggestive of decreased counter-clockwise rotation of maxilla (Table 4 and Figures 1-16).

Conventional facemask method | Modified facemask method
Regions
X Y Z X Y Z
Frontal Process 0.02 0.164 0.039 0.081 0.118 0.009
Prosthion 0.036 1.135 0.105 0.068 1.42 0.004
Point A 0.032 1.005 0.047 0.063 1.22 0.012
FA point on first molar 0.009 1.14 0.33 0.013 1.42 0.001

Table 4: Magnitude of Displacement of Surface Landmarks (in mm).

Figure 1a: Displacement contours of maxilla in X axis in conventional facemask.

Citation: Revathy Jayan, Suja Ani G and Elbe Peter . “Study of Displacement and Stress Distribution in Maxillofacial Complex Following
Maxillary Protraction with Conventional and Modified Facemask: A Finite Element Analysis”. EC Dental Science 18.9 (2019): 2005-2019.



Study of Displacement and Stress Distribution in Maxillofacial Complex Following Maxillary Protraction with Conventional and

Modified Facemask: A Finite Element Analysis

2008

Figure 1b: Displacement contours of maxilla in X axis in modified facemask.

Figure 2a: Displacement contours of maxilla along Y axis in conventional facemask.

Figure 2b: Displacement contours of maxilla along Y axis in modified facemask.
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Figure 3a: Displacement contours of maxilla in Z direction in conventional facemask.

Figure 3b: Displacement contours of maxilla in Z direction in modified facemask.

Figure 4a: Displacement contours of maxillary bone in X direction in conventional facemask.
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Figure 4b: Displacement contours of maxillary bone in X direction in modified facemask.

Figure 5a: Displacement contour of maxillary bone in Y direction in Conventional Face Mask.

Figure 5b: Displacement contour of maxillary bone in Y direction in modified facemask.
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Figure 6a: Displacement contours of maxillary bone in Z direction in conventional facemask.

Figure 6b: Displacement contours of maxillary bone in Z direction in modified facemask.

Figure 7: Stress contours generated in frontomaxillary suture in conventional facemask.
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Figure 8: Stress distribution in frontomacxillary suture in modified facemask.

Figure 9: Stress contours generated in pterygomaxillary suture in Conventional facemask.
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Figure 10: Stress contours generated in pterygomaxillary suture in modified facemask.

Figure 11: Stress contours generated in Zygomaticomaxillary sutures in Conventional facemask.
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Figure 12: Stress contours generated in zygomaticomaxillary sutures in Modified facemask.

Figure 13: Stress contours generated in Zygomaticotemporal sutures in Conventional facemask.
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Figure 14: Stress contours generated in Zygomaticotemporal sutures in Modified facemask.

Figure 15: Stresses generated in zygomaticofrontal sutures in conventional facemask.
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Figure 16: Stress contours generated in Zygomaticofrontal sutures in modified facemask.

Discussion

Numerous studies have reported significant displacement of maxillary landmarks in the anterior direction upon use of conventional
facemasks [8-26]. However, adverse effects such as counter clockwise rotation of maxilla and clockwise rotation of mandible leading to an

increase in lower facial height, led to modification of the design of the face mask and, in the direction of force application.

Nanda R believed that the adverse effects of rotation of skeletal bases could be prevented by a change in the direction of force
application. In his appliance, the protraction force was transmitted parallel to the maxillary occlusal plane at a height of 15 mm, through
the centre of resistance of the maxilla, leading to translation of maxilla. Nanda reported that use of the modified design for 4 - 8 months
can bring the maxilla anteriorly by 1 to 3 mm. and maxillary dentition by 1 to 4 mm, there was also a mesial displacement of maxillary

molars by 2.5 mm.

In the present study, maximum compressive stress was seen in the Frontomaxillary suture for modified facemask, This finding is in
agreement with a study performed by Miyasaka JH., et al. [27], wherein stresses produced in the craniofacial sutures were evaluated, when
protraction force was applied parallel to the functional occlusal plane. Highest von Mises stress was generated in Zygomaticotemporal
suture, implying that forces are transmitted directly to the midfacial area. In the conventional facemask also, maximum von Mises stresses
were seen to be generated in Zygomaticotemporal suture, which is consistent with findings from a study conducted by Gautam P, et al.
[28], analyzing sutural stresses during maxillary protraction. Similar pattern of stress distribution was observed for zygomaticotemporal
suture in a study by Kim KY., et al [29]. The findings of this study coincide with previous studies performed by Nanda R,, et al. [30] and
Jackson GW,, et al. [31], reaffirming that the direction of force has major implications on the nature of displacement as well as stress

patterns in the nasomaxillary complex.
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In the current study, amount of displacement in the anterior direction was greater in the modified facemask, the findings of which are
consistent with Nanda’s observations. The amount of vertical movement in the modified facemask group was seen to be negligible, which
is in agreement with the investigations conducted by Keles A., et al. [32] by varying the direction of force on maxillary protraction, and
with the findings of Hata,, et al [32].

FEA is defined as a technique of discrediting a continuum into simple geometric shaped elements enforcing material properties
and governing relationships on these elements. It was introduced by R Courant in 1956 and the term was coined by Argyris and Clough
in 1960. The advantages of finite element analysis include its non-invasive nature, relatively low investment, simultaneous and rapid

calculation and visual representation of a wide variety of physical parameters.

Although studies utilizing FEA have been performed comparing the response of maxillary protraction with or without rapid maxillary
expansion [28] and conventional facemask with miniplates [29] no finite element study comparing stress distribution and displacement
of landmarks following maxillary protraction comparing conventional facemask with Nanda’s modified facemask has been reported till
date.

In the present study, although the finite element method provided the freedom to simulate orthodontic force systems applied clinically
and allowed analysis of the response of the craniofacial skeleton to orthopaedic forces in three-dimensional space, the stress distribution
on the model could only be dealt with quantitatively and not qualitatively, which is one of the major limitations of the finite element
method. Thus, the results of this study are valid only for a single specific human skull, upon which the finite element models have been
constructed. However, the mechanical response to facemask therapy was predicted essentially in the same manner as stated in the

literature, which proves the validity of the study.

Conclusion

To conclude, although the results of the present study prove that the modified design introduced by Nanda is a superior treatment
option compared to the conventional design in terms of anterior displacement and counter-clockwise rotation of maxilla, further clinical

as well as experimental studies have to be performed to assess the modification from other aspects as well.
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