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Abstract; Objective To investigate the biomechanical effects of lingual metal-reinforced denture bases on
edentulous implant-supported prostheses by three-dimensional finite element analysis, and provide references for
the treatment of edentulous jaws. Methods Two implant-supported Locator-type overdenture models with lingual
metal-reinforced and non-reinforced denture bases were constructed. A 150 N vertical load on the fovea of the
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posterior teeth, a 150 N oblique load on the fovea of the posterior teeth, and a 150 N vertical load on the anterior

teeth were applied to simulate the centric occlusion, left and right lateral chewing, and anterior teeth cutting, and

stresses on the tissues of two models were analyzed. Results When the posterior and anterior teeth were loaded

vertically, the stress distribution on each organization was similar between the two denture base designs. The

maximum stress difference was between 0 and 0. 16 MPa. Under unilateral masticatory chewing, the range of

stress concentration on denture base, implant and mucoperiosteum, and the maximum stress of the implant and

peri-implant bone without metal reinforcement were significantly greater than those with metal reinforcement, and

the maximum stress difference was between 0.59 MPa and 2.99 MPa. Conclusions

Lingual metal-reinforced

denture base can play a role in stress dispersion, or reduce the risk of bone resorption and denture base fracture

to a certain extent.

Key words: overdenture; implant; denture base; finite element analysis
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Fig.1 Models and boundary/load conditions (a) Conventional unreinforced denture, (b) Lingual

metal-reinforced denture, (c¢) Transparent display of models after assembly, (d) Rigid restraint

region of the mandible (purple), (e) Schematic diagram of four loading conditions
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Fig.2 Equivalent stress distributions of denture bases under different working conditions (a) Centric

occlusion, (b) Left lateral chewing, (c) Right lateral chewing, (d) Anterior teeth cutting
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Fig.3 Equivalent stress distributions of implants under different working conditions (a) Centric

SR
pII:

occlusion, (b) Left lateral chewing, (c¢) Right lateral chewing, (d) Anterior teeth cutting
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Tab.2 Stresses the implant, denture base and peri-implant bone in the model of implant-supported overdenture with two types of base

structures under different occlusal conditions Hifii . MPa
RN SR AT AR R B

TH R R e/ e R e/ i R e/
N7 F R H ESN)] N7 F R H ESN)] N7 F R H ESVW))
EPE @ 1.89 1.03 -2.20 0.53 0.27 -0.56 0.8 0. 46 -0.98
@ 1.83 1.03 -2.13 0.57 0.26 -0.50 0.75 0. 44 -0.93
2 N AEL g ) 11.77 9.76 -11.58 2.09 1. 54 -2.16 4.83 4.19 -5.89
@ 9.15 8.27 -9.74 2.02 1.36 -1.93 4.11 3.37 -5.08
A 0 L gG ) 13.83 10. 96 -9.29 2.07 1.54 -2.03 5.41 3.93 -6.40
@ 10. 84 8.22 -7.79 2.02 1.24 -1.92 4.56 3.34 -5.24
GBIk @ 2.81 1.48 -3.14 0. 84 0.41 -1.01 0.75 0.35 -0. 65
@ 2.69 1.32 -3.00 0.85 0.39 -1.10 0. 62 0.33 -0.59

1 : O QMR R TSR S5 4 mAT ISR A5



EREYNE $£39% F3H 202456 R
536 Journal of Medical Biomechanics, Vol.39 No. 3, Jun. 2024

2.2 ERTHEENNDHRAR

4 FhEE TH T, F4EF B A i K von Mises
SRR ) R R RS AN ER 3 s, MR SR 4G
BRSSO T Fb i TR 1% 7 53 A B AR — 2, i 1)
LG Fsf 3 A S A5 107 g 4 o DX s A ], T4 8 AT
TN 45 F4 A A AU N 7 3 A e 7 IE R X o) o o)
DX TN TIN5 Ja A 0 SR 25 4 g A A i g A o DXl g3
ATTEPIASTRAL , BITE B W6 ) T 24 0 DX sl R L g
XA DX, 1 3 4 v DX 34 TG 4 i P AR AR X3
BN DL 4(a) 1o KRBTSRI SCR T R E R
e RALRS DX T U8 0 4 J& A 1) SR T 2B I
[ LK 4(b) ],

£3 NETHBEEENENRRRUB
Tab.3 Equivalent stress and maximum displacement of the

mucoperiosteum under the overdenture

T 23N 1/ MPa PiFe/ wm
EfRE @® 0. 14 2.27
@ 0.14 2.22
ZEAM LN ©) 0.62 13.4
@ 0.53 11.7
A7 (0 IEL I ) 0.52 13.9
@ 0.50 11.7
A A Y& @® 0.38 3. 40
@ 0.37 3.35
1D @7 R TCINR LS 4B FT SRS
TEhnsRGEH SRR
B }3/MPa,
0'52 v v
0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04
0.00
(a) MBSy
AL /pm
13.90
10.30
9.00
7.70
6.40
3.80
2.50
1.20
0.00
(b) ik
B4 AMBEBIRTAMYEELEEMNERFEESESN N
ML H

Fig. 4 Equivalent stress and displacement distributions of the
mucoperiosteum of two denture base models under right

lateral chewing condition (a) Stress, (b) displacement
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