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Fig. 1. Finite element model. A: Skull & Maxillae, B: Mandible, C: Teeth, D: Mouthguard.
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Table 1. The number of nodes and elements used in the modeling

Table 2. Mechanical properties for the structural elements

Anatomy Nodes Elements
Skull / Maxillae 47,540 206,495
Mandible 13,784 61,763
Teeth 15,798 52,631
Articular disc 281 671
Mouthguard 9,439 34,428
Constraint 257 104
Total 87,099 356,092
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Young's Poison's Mass Damping
Material Modulus ratio density factor
(MPa) © (l/gm?’) (o)
Skull/Facial bone 4,460a 0.21a 1,410a 02
Tooth 13,720b 0.28b 1,900c 0.2
Articular disc 44.1d 0.40d 1,000 10
Mouthguard 22e 0.49% 950e 10
Table 3. Load cases according to location and direction
Impact location Impact direction to F-H plane Load case
Gnathion (F1) Vertical (90°) L1
Oblique (45°) L2
Parallel (0°) L3
Mandibular body (F2) Vertical (90°) L4
Oblique (45°) L5
Parallel (0*) L6
Gonial angle (F3) Vertical (90°) L7
Oblique (45°) L8
Parallel (0*) L9
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Fig. 4. Impact force and time.
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Point Description

1 Anterior teeth

2 "A" Point

3 Nasion

4 Frontal bone

5 Vertex

6 Occipital bone
7,11 Left & Right maxillary 1st molar
8,12 Left & Right infrazygomatic process
9,13 Left & Right orbital rim
10, 14 Left & Right temporal bone

Fig. 3. Measuring points and description. A: frontal view, B: lateral view, C: descrip-
tion.
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Fig. S. Stress distribution on reference point of maxilla and skull according to with
mouthguard (left bar) and without mouthguard (right bar) state for vertical force
on A: gnathion, B: mandibular body, C: gonial angle.
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Fig. 7. Stress distribution on reference point of maxilla and skull according to with
mouthguard (left bar) and without mouthguard (right bar) state for horizontal force
on A: gnathion, B: mandibular body, C: gonial angle.

Table 4. One-way ANOVA test depending on with and without mouthguard

Impact location significance Force direction significance
Gnathion Vertical

Mandibular body * Oblique *
Gonial angle * Horizontal *

* P<05
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ORIGINAL ARTICLE

Finite element analysis of the effects of a mouthguard on stress distribution of

facial bone and skull under mandibular impacts

Kwan-Tae Noh, DMD, MSD, PhD, II-Han Kim, DMD, MSD, PhD, Hyun-Sik Roh, DMD, Ji-Yeon Kim, DMD,
Yi-Hyung Woo, DMD, MSD, PhD, Kung-Rock Kwon, DMD, MSD, PhD, Dae-Gyun Choi*, DMD, PhD
Department of Prosthodontics, School of Dentistry, Kyung Hee University, Seoul, Korea

Purpose: The purpose of this study was to investigate the effects of a mouthguard on stress distribution under mandibular impact. Materials and methods: The FEM mod-
el of head consisted of skull, maxilla, mandible, articular disc, teeth, and mouthguard. The impact locations on mandible were gnathion, the center of inferior border, and the
anterior edge of gonial angle. And the impact directions were vertical, oblique (45° ), and horizontal. The impact load was 800 N for 0.1 sec. Results: When vertical impact was
applied, the similar stress and the distribution pattern was occurred without the relation of the mouthguard use (P>.05). The model with mouthguard was dispersed the stress
to the teeth, the facial bone and the skull when the oblique (45° ) impacts were happened. However, the stress was centralized on the teeth in the model without mouthguard
(P<.05). The model with mouthguard was dispersed the stress to the teeth, the facial bone and the skull when the horizontal impacts was occurred. However, the stress was cenr
tralized on the teeth without mouthguard (P<.05). For all impact loads, stress concentrated on maxillary anterior teeth in model without mouthguard, on the contrary, the stress
was low in the model with mouthguard and distributed broadly on maxillary anterior teeth, facial bone, and skull. Conclusion: The mouthguard was less effective at shock absorb-
ing when vertical impact was added. However, it was approved that mouthguard absorbed the shock regarded to the oblique (45° ) and horizontal impact by dispersing the shock
to the broader areas and decreasing the stress. (J Korean Acad Prosthodont 2012;50:1-9)

Key words: Mouthguard; Finite element analysis; Impact; Stress distribution; Facial bone; Mandible
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