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Assessment of nose protector for sport
activities: finite element analysis
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Abstract — There has been a significant increase in the number of facial fractures
stemming from sport activities in recent years, with the nasal bone one of the
most affected structures. Researchers recommend the use of a nose protector,
but there is no standardization regarding the material employed. Clinical
experience has demonstrated that a combination of a flexible and rigid layer of
ethylene vinyl acetate (EVA) offers both comfort and safety to practitioners of
sports. The aim of the present study was the investigation into the stresses
generated by the impact of a rigid body on the nasal bone on models with and
without an EVA protector. For such, finite element analysis was employed. A
craniofacial model was constructed from images obtained through computed
tomography. The nose protector was modeled with two layers of EVA (1 mm of
rigid EVA over 2 mm of flexible EVA), following the geometry of the soft tissue.
Finite element analysis was performed using the LS Dyna program. The bone
and rigid EVA were represented as elastic linear material, whereas the soft
tissues and flexible EVA were represented as hyperelastic material. The impact
from a rigid sphere on the frontal region of the face was simulated with a
constant velocity of 20 m s™! for 9.1 us. The model without the protector served
as the control. The distribution of maximal stress of the facial bones was
recorded. The maximal stress on the nasal bone surpassed the breaking limit of
0.13-0.34 MPa on the model without a protector, while remaining below this
limit on the model with the protector. Thus, the nose protector made from both
flexible and rigid EVA proved effective at protecting the nasal bones under high-
impact conditions.

There has been a significant increase in the number of
facial fractures stemming from sport activities in recent
years (1, 2). The nasal bone is in the vulnerable zone of
the face and is projected forward in relation to the
adjacent structures, making it one of the most affected
structures in sport accidents. According to (3, 4),
approximately 60% of sport-related injuries to the face
occur in the nasal bone, especially in rugby, football
(soccer), and basketball (5). Approximately 45% of
nasal fractures occur because of impact of either the
elbow or head of one athlete against the face of another
(6). For adequate repair, the bone must be immobilized
during the healing process, which often keeps athletes
from practice and competition for a long period of time.
This situation can have a negative impact on an
athlete’s career and cause financial harm to the team

(7-11).

Studies have demonstrated that an injured athlete
loses his/her physical conditioning and, in many cases,
has a tendency toward depression, which hampers his/
her physical recovery (8, 9). One of the solutions for
avoiding this is the use of a nose protector during the
practice of sport activities. A protector can also be used
in a preventive fashion in sport modalities that have a
high risk of facial fracture. The geometry of the protector
and anchoring points on the face should ensure comfort
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in order not to compromise the athlete’s performance
during practice and competition.

It is important for the material used in the nose
protector to have adequate shock-absorbing capacity.
Ethylene vinyl acetate (EVA) meets this requirement and
has advantages such as low-temperature conformation,
handling ease, reproducibility, satisfactory cohesion
between layers, transparency, and low cost (12). In the
dentistry market, EVA is used in the form of rigid and
flexible flat plates ranging in thickness from one to five
millimeters (mm). Flexible plates offer greater comfort,
but less protection, as they deform more easily. On the
other hand, rigid plates offer greater protection, but
comfort is compromised. Clinical experience from the
authors (13) has demonstrated that the combination of
flexible and rigid layers offers both comfort and safety,
especially when the delimitation is established such that
peripheral vision and stability of the protector are favored.

The hypothesis of the present study is that the use of a
nose protector made with a 2-mm layer of flexible EVA
and overlying 1-mm layer of rigid EVA reduces the risk
of nasal bone fracture by reducing the stress when
suffering an impact. To test this hypothesis, finite
element analysis was employed to simulate the impact
of a hard body on a craniofacial model with and without
an EVA protector.
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Fig. 1. Image obtained in STL.

(a) (b)

Fig. 2. Geometry mesh obtained after applying BioCAD. (a)
bone portion. (b) soft tissue portion.

Finite element is a numerical tool for solving differ-
ential equations, which has been increasingly important
in the field of dentistry (14). This tool is largely used to
determine the distribution of stresses and deformations
because of forces applied in structural systems such as
tooth, bone, and tissue (15-18). In many practical cases
in medicine and dentistry, where research on the mech-
anism of injuries caused by impact is not viable in vivo
(19), the results obtained from the virtual FEM are the
only available data.

Materials and methods

From a CT (computed tomography) scan, a craniofacial
model in STL (stereolithography) format was created
(Fig. 1). Although the model perfectly replicates the face,
it cannot be used in finite element analysis because of
large amount of details. Then, the BioCad (Biological
Computer-Aided Design) protocol, developed in CTI
(Technology Center Renato Archer, SP, Brazil), was
applied to obtain a simplified description of the anatom-
ical structures involved. The simplified format was
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Prpodive

Fig. 3. (a) Nasal protector with support points. (b) Nasal
protector fixation in the head by elastic straps.

divided into finite elements, according to Fig. 2a,b. The
bone portion has 201,995 shell elements, while soft tissue
has modeled with 160 537 shell elements.

A mnose protector composed by a 2-mm layer of
flexible EVA with a I-mm layer of rigid EVA was laid
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Fig. 4. (a) Facial model used in the study with protector. (b)
Facial model used in the study without protector.

over the face. Because the material is thermoplastic, it is
not necessary to use a bonding agent. Among the main
features of the EVA, the high elasticity, flexibility, high
mechanical and fracture resistance at low temperatures
can be highlighted. The protector geometry guarantees
its support in the strength zone of the face (Fig. 3a). The
Fig. 3b shows the straps used to fix the protector in
the head of the athlete. A mesh was generated over the
digitized geometry on the Hyper Mesh program, totaling
735 793 shell elements (Fig. 4a). A model without a
protector was used as the reference (control) (Fig. 4b).

Moreover, material properties for the soft tissue and
bones model were determined based on published
literature. Table 1 presents the material models for the
bone, which were modeled as elastic linear, with a failure
criteria of maximum principal strain (20, 21). According
to the literature, a linear law does not account properly
for the mechanical behavior of the human soft tissues,
while a hyperelastic material seems to be well adapted,
showed in Table 2 (21-24). Among the various strain-
energy functions that can describe such a mechanical
response (see, for example Bonet and Wood, 1997) (295),
we focused on the Ogden model and Table 3 resumes the
parameters (26). And EVA rigid was modeled as Von
Mises bilinear elastoplastic (Table 4).

Table 1. Material model for bone

Elastic parameters Failure criterion

p(t mm’S) E (MPa) v Maximum main stress (MPa)

7.85E-04 1300.00 0.30 0.13-0.34

Table 2. Material model for soft tissue

Ogden parameters Elastic parameters

2 s % oy G(MPQ) p(tmm%) v

0.0059 0.0236 2.00 4.00 0.69 9.5E-10 0.30

Table 3. Material model for EVA flexible

Ogden parameters Elastic parameters

1 o %  G(MPa) p(tmm) v

7.00 2.60 0.80 2.60 10 2.00-0.9 0.48

EVA, ethylene vinyl acetate.

Table 4. Materia model for EVA rigid

Ogden parameters Elastic parameters

o Tangent Strain at
E (MPa) Flow (MPa) modulus (MPA) failure p (t mm"a) \J
480 46 0.80 1.2 9.4E-10 0.48

EVA, ethylene vinyl acetate.

As show in Fig. 5a, impact from a rigid sphere with
radius of 30 mm was simulated on the frontonasal region
for 9.1 us, with constant velocity and mass (20 m s™' and
0.025 kg, respectively). The time interval is defined by
numerical analysis. Without considering rebounding, the
phenomenon is analyzed until the instant the projectile
begins to move away from the face, decreasing the stress
at the contact point.

The analysis was carried out using the LS Dyna®
program (Livermore Software Technology Corporation,
Livermore, CA, USA). The Hyper View® was used as the
postprocessor. The distribution of maximum main stress
of the facial bones in the model with the protector was
compared with that of the control. Moreover, regions
where the main stress reached the failure values reported
in the literature were determined. Figure Sb shows the
model without nose protector that is used as reference.

Results

The maximum main stress on the nasal bone surpassed
the fracture range of 0.13-0.34 MPa (20, 21) on the
model without the protector (Fig. 6a), whereas the
stresses remained below this range on the model with
the protector (Fig. 6b). Figure 6¢ displays the overlay of
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Fig. 5. (a) Facial model with nose protector. (b) Facial model
without protector.

the mesh with the respective bone divisions (frontal and
nasal), revealing that the failure without the protector
occurred in the region of the nasal bones, with stress

(a)

Fig. 6. (a) Bone portion without protec-
tor; (b) Overlap model of stresses analysis
without protector, demonstrating nasal
bone failure; (c) Bone portion with
protector; (d) Overlap model of stress
analysis with protector, demonstrating
absence of nasal bone failure.

© 2011 John Wiley & Sons A/S

Nose protector for sport activities 111

values >0.34 MPa. Figure 6d illustrates the model with
the protector, revealing that no fracture of the nasal bone
had occurred. The influence of the nose protector in the
prevention of injuries in the soft tissues of the face is
shown in Fig. 7a,b (control, with protector).The stress of
rigid and flexible EVA are shown in Fig. 8a,b, respec-
tively.

Discussion

The hypothesis of the present study was confirmed. The
use of a protector made with a 2-mm layer of flexible
EVA and overlying 1-mm of rigid EVA reduced the risk
of nasal fracture by diminishing the stresses in this bone
during impact. These results are expected, because the
rigid portion offers resistance to deformation and
decelerates the impact, while the flexible portion deforms
considerably, distributing, and absorbing the energy
received in a larger time interval.

The craniofacial model employed respected the actual
measurements of the human face regarding the bone and
soft tissue portions, as indicated by tomography. Colors
were used to differentiate the zones of strength and
fragility.

The bone failure criterion used in this study was the
maximum main stress, with the critical value range
reported in the literature of 0.13-0.34 MPa. Although
current articles suggest the use of maximal deformation as
the criterion of bone failure, results differing from those
obtained in the present study would only be possible with
models containing more elaborate materials than the
linear elastic model used herein(16, 19, 27-29).

Because of the trajectory of a projectile and the
anatomy of the face, the frontal bone is affected as well.
Figure 4b illustrates the overlaying of the mesh with the
bone division, demonstrating that the failure without the
protector occurred in the region of the nasal bones, while
Fig. 4d reveals no fracture in the nasal bone fracture
with the use of the protector. It should be emphasized
that the strength of the frontal bone is up to 70-fold
greater (27.58 MPa).
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Fig. 8. (a) Stress analysis in portion ethylene vinyl acetate
(EVA) rigid of the protetor (MPa); (b) stress analyses in EVA
flexible of the protector(MPa).

The analyses obtained through computed tomography
required a long computational time using a server Intel
Xeon E5520, 2.27 GHz (two processors, eight cores, 16
logical processors), L3 cache 8 MB, 24 GB RAM
memory, Windows 7 Enterprise (64-bits) computer. For
example, it took 15 days to complete the impact simu-
lation in the face with the protector. This was because of
the large number of elements, the non-linear model of
the materials (soft tissues and EVA), and contact
between the different layers. Thus, the material and
geometry of the projectile were limited as rigid and with
small dimensions, respectively.

Therefore, with the present model, continuity to this
line of research can be considered. Moreover, projectiles
with different shape, material, velocity, and angle
impacting even nasal bone undergoing healing process
can be analyzed. Finite element analysis proved to be an
important tool in the optimization of a nose protector
made from EVA. The simulations showed the capability
of the device in protecting facial bones, in the proposed
critical situation.

Fig. 7. (a) Stress analysis in soft tissue
region nasal without protector (MPa); (b)
Stress analysis in soft tissue region nasal
with protector (MPa).

Conclusion

The nose protector made from both flexible and rigid
EVA proved effective at protecting the nasal bones under
high-impact conditions.
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