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Study on energy absorption of mouthguard splints by impact test BAO Shi—jie', REN Xiao—wei', LI Yi-han', YE
Sheng—jia', DONG Jian-hui®, WEI Bin’. (1. Department of Prosthodontics, 2. Department of General Dentistry, 3. Special
Dental Consultation Clinic, Shanghai Ninth People’s Hospital, College of Stomatology, Shanghai Jiao Tong University
School of Medicine; National Clinical Research Center for Oral Diseases, Shanghai Key Laboratory of Stomatology,
Shanghai Research Institute of Stomatology. Shanghai 200011, China)

[Abstract] PURPOSE: Using impact test to study energy absorption ability of mouthguard splints of different thickness
and materials. METHODS: In this experiment, group 1 was BIOPLAST 5 mm splint, group 2 was BIOPLAST 4 mm
splint, group 3 was BIOPLAST 3 mm splint,group 4 was BIOPLAST 2 mm splint and group 7 was BIOPLAST 1 mm
splint. Group 5 was ERKOLOC-PRO 2 mm splint, group 6 was DURAN 2 mm splint. Mouthguard splints were clashed by
impact head from different heights. Digital Image Correlation System was used to record the process of the test. Images
were transferred to data processing software, to analyze incident speed, incident depth and rebound height of the impact
head. Absorbed energy and energy absorption ratio were calculated to analyze energy absorption ability of mouthguard
splints of different thickness and materials. The data were analyzed using SPSS 22.0 software package for one —way
analysis of variance and LSD. RESULTS: The higher impact head fell, the larger energy absorption ratio was. There was
significant difference among group 1, 2, 3, 4, 7 in average energy absorption ratio (P<0.05), and group 7 was the largest.
There was significant difference among group 4, 5, 6 in average energy absorption ratio (P<0.05), among which group 4
and group 5 were larger. CONCLUSIONS: 3 mm splint is good enough to be used to make mouthguard, which is also
thinner and more comfortable. Splint of soft material is more suitable for mouthguard than splint of hard material.
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Table 1 Mouthguard splints used in this experiment

FF5 #R JELJE (mm) B
1 Bioplast 5 EVA
2 Bioplast 4 EVA
3 Bioplast 3 EVA
4 Bioplast 2 EVA
5 Erkoloc—Pro 2 I mm EVA+1 mm PETG
6 Duran 2 PETG
7 Bioplast 1 EVA
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Figure 1 Test platform and equipment
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Figure 2 Data acquisition. A. Two high—speed cameras recorded
the experimental process at different sights;B. Images recorded by
2 cameras at the same moment; C. Speckle marked at the lower
part of the impact head;D. Selecting tracking point in the speckle
area; E. Time-displacement cure of the impact head; F. Time-—
velocity curve of the impact head
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Table 2 Test results of splint group 1 at the height of 15 cm

e 1-15-5-1 1-15-5-2 1-15-5-3 Fts
WIS RE it LY (%) 47.4734755 47.0010456 46.8817311 47.118+0.31294
AGHHE (/s) 1.68591 1.68675 1.69073 1.687+0.00257
£3 2BERE10 com SEMNPHREER
Table 3 Test results of splint group 2 at the height of 10 cm
e 2-10-4-1 2-10-4-2 2-10-4-3 Tks
WIS HE HE LY (%) 42.6853709 45.4648043 43.2095706 43.7866+1.47683
NI (m/s) 1.36291 1.38151 1.37745 1.3740+0.00978
R4 3SBREIMARBENHHIRBER (P>0.05), 4.7 ‘T 5 HAD 3 2w P LAk AT
Table 4 Test results of splint group 3 at 3 different heights e
T H 3-5-3-1 3-10-3-1 3-15-3-1 BEER(P0.05). N
2.2.3 ARSI REEERER C R IR
G (m/s) 0.993915 1.37376 1.69974 JERE (2 mm) AFF R 4.5.6 B4 3 8k, I
IR B (m) 0.0010442 0.0015945 0.001269 b4 BONEBIRE R 5 5o S R, 6 5 bl
3 B (mm) 0.0289464 0.051354 0.0750259 R v Sk K 10 em B R Y& SES T bRy
W fEE: (7) 0.048990299  0.102599003  0.165267882 3 R YRS RN 7 P, R SRR R 2
WK FE 1 B (%) 42.568238 46.6654525 49.101815 OPTE A N A 22 5L 2 T LA T 4-6 5
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Table 5 Test result of splint group 6 at 3 different heights

BIgE| 6-5-2-1 6-10-2-1 6-15-2-1
NI (m/s) 0.982009 1.38289 1.69756
IR (m) 0.0004159 0.0005159 0.000506
SR (m) 0.034039 0.0578773 0.0772587
W EER (7) 0.034621153  0.090635797  0.159306694
WIKRER (%)  30.8165958 40.68165 47.4523618
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Table 6 Test results of splint group 1-4,7 at the height of 10 cm(%=s)

JEC R B e L 2 B R 22 5% S5 IR R 5 5
P B 2 mm ORE 25 6 B R T 2 R U RE o L A
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ZREVT 6 SR AR 2 mm B R AR A AR IR e
Fets/ N, G2 FAb, 3 LAY F R R LU A
FEEF(P<0.05); K 455 s SR Z R #
2558 (P>0.05), 1 6 Z K 5 5551 2 2R W L
AT 2 25 7 (P<0.05)
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WiH 15 25 35 4% 75
AR (mm) 5 4 3 2 1
TR HE (m/s) 1.3625+0.1317 1.3740+0.00978 1.3888+0.01545 1.3870+0.01349 1.386+0.01269
SN IFHREE (m) 0.0015+0.00014 0.0012+0.00032 0.0012+0.00035 0.0014+0.00037 0.00049+0.000006
V- SRR BE (m) 0.05110.00088 0.054120.00095 0.0535+0.00189 0.0400+0.00373 0.022+0.00221
SRR S () 0.09960.00222 0.096320.00442 0.102620.00166 0.1329+0.00676 0.1745+0.00573
SRS RE L LY (%) 46.0646+0.21023 43.7866+1.47683 45.6754+0.87832 59.3014+3.33004 77.98+2.19432
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Table 7 Test results of splint group 4-6 at the height of 10 cm(z+s)

TiH 4% 5% 67
SIS U (m/s) ~1.3870+0.01349 —1.3985+0.03427 —1.3741+0.00974
S35 AR BE (m) —0.0014+0.00037 —0.0009+0.00023 —0.0005+0.00019
- 249 B e B (m) 0.0400£0.00373 0.0384+0.00329 0.0570+0.00154
T EWI g (J) -0.1329+0.00676 —0.1402+0.00376 -0.0899+0.00124
SR g LY (%) 59.3014+3.33004 61.5432+1.40552 40.8785+0.86909
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