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Table I. Number of nodes and elements used in the modeling

Anatomy Node (number) Element (number)
Skull/Maxillae 47540 206495
Brain 4819 20633
Dura 9801 31204
Mandible 13784 61763
Tooth 15798 52631
Articular disc 281 671
Mouth guard 9439 3442

Table I1. Material properties for two mouth guard materials

Properties Young s Modulus Poisson’ s ratio Mass Density Damping factor
Material (MPa) (v) (k/gnr) (%)
Bioplast 15 0.49 960 23
Duran 2050 0.30 1270 1.0

Table II1. Material properties for the structural elements

Properties Young s Modulus Poisson’ s ratio Mass Density Damping factor

Material (MPa) () (k/gm) (%)

Skull/facial bone 4460 0.21 1410 0.2

Brain/CSF 0.0667 0.499 1040 10

Dura/Membrane 31.5 0.45 1133 10

Articular disc 44.1 0.40 1000 10

Tooth 13720 0.28 1900 0.2

Bioplast 15 0.49 960 23

Duran 2050 0.30 1270 1.0
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P1: A point, P2: Lt. canine pillar, P3: Rt. canine pillar, P4: nasion, P5: midpoint of frontal area of skull, P6: midpoints of
superior area of skull, P7: midpoint of occipital area of skull, P8: Lt. midpoint of temporal area, P9: Rt. midpoint of tempo-
ral area, P10: midpoint of Lt. lateral orbital rim, P11: midpoint of Rt. lateral orbital rim

Fig. 1. 11 reference points on maxilla and skull for measuring von Mises stress.

P1: midpoint of frontal area of brain, P2: midpoint of superior area of brain, P3: midpoint of occipital area of brain, P4:
midpoint of Lt. temporal area of brain, P5: midpoint of Rt. temporal area of brain, P6: midpoint of Lt. inferior area of

brain, P7: midpoint of Rt. inferior area of brain

Fig. 2. 7 reference points on brain for measuring brain relative displacement.
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L: Left, R: Right, M1: maxillary 1st molar, CI: maxillary central
incisal, LI: maxillary lateral incisal.

Fig. 3. Comparison of von Mises Stress on reference tooth point
according to Duran and Bioplast mouth guard.
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P1l: A point, P2: Lt. canine pillar, P3: Rt. canine pillar, P4:
nasion, P5: midpoint of frontal area of skull, P6: midpoints of
superior area of skull, P7: midpoint of occipital area of skull, P8:
Lt. midpoint of temporal area, P9: Rt. midpoint of temporal area,
P10: midpoint of Lt. lateral orbital rim, P11: midpoint of Rt. lat-
eral orbital rim.

Fig. 4. Comparison of von Mises stress at 11 points on maxilla
and skull according to Duran and Bioplast mouth guard.
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P1: midpoint of frontal area of brain, P2: midpoint of superior
area of brain, P3: midpoint of occipital area of brain, P4: mid-
point of Lt. temporal area of brain, P5: midpoint of Rt. temporal
area of brain, P6: midpoint of Lt. inferior area of brain, P7: mid-
point of Rt. inferior area of brain

Fig. 5. Comparison of brain relative displacement at 7 points on
brain according to Duran and Bioplast mouth protector.
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Table IV. Result of ANOVA test between two mouth guard materials
Loading point significancy significancy
von Mises stress Mentum - *
on tooth Mn. body *
Mn. angle *
von Mises stress Mentum - *
on skull Mn. body *
Mn. angle *
Relative displacement Mentum - -
on brain Mn. body -
Mn. angle -
*: significance (P < .05), -: no significance (P > .05)
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ORIGINAL ARTICLE

FEM Analysis of the Effects of Mouth guard
material properties on the Head and Brain under

Mandibular Impact

Nam-Hyun Kang, DMD, MSD, Hyung-Sub Kim, DMD, MSD, PhD,
Yi-Hyung Woo, DMD, MSD, PhD, Dae-Gyun Choi, DMD, DDSc
Dept. of Prosthodontics, College of Dentistry, Graduate School, Kyung Hee University

Statement of problem & Purpose: The purpose of this study was to investigate the effect of a mouth guard material properties on the skull
and brain when they were under impact loads on mandible. Material and methods: Two customized mouth protectors having different ma-
terial propeerst ieach other were made for a female Korean who had no history of brain trauma, no cerebral diseases, nomal occlusion and
natural dentition. The 3D finite element model of human skull and brain scanned by means of computed tomography was constructed. The
FEM model of head was composed of 407,825 elements and 82,138 nodes, including skull, brain, maxilla, mandible, articular disc, teeth
and mouth guard. The stress concentrations on maxillary teeth, maxilla and skull with two mouth guards were evaluated under oblique im-
pact load of 800N onto mandibular 3 loading points for 0.1sec. And the brain relative displacement was compared in two different mouth
guard materials under same condition. Result and Conclusion: The results were as follows; 1. In comparison of von Mises stress on maxil-
lary teeth, a soft mouth guard material had significantly lower stress values on measuring point than a hard mouth protector materials (P <
.05). 2. In comparison of von Mises stress on maxilla and skull, A soft mouth protector material had significantly lower stress values on
measuring point than a hard mouth protector materials (P < .05). 3. For impact loads on mandible, there were more stress concentrated area
on maxilla and skull with hard mouth guard than soft with mouth protector. 4. For impact loads on mandible, brain relative displacement
had little relation with mouth guard material properties. In results of this study, soft mouth guard materials were superior to hard mouth
guard materials for mandible impact loads for prevention of sports injuries. Although the results of this study were not enough to figure out
the roles of needed mouth guard material properties for a human head, we got some knowledge of the pattern about stress concentration and
distribution on maxilla and skull for impact loads with soft or hard mouth protector. More studies are needed to substantiate the relationship
between the mouth guard materials and sports injuries.

Key words: FEM analysis, Mouth guard, von Mises stress, Relative displacement
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