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Effect of attachments and palatal coverage of maxillary implant

overdenture on stress distribution: a finite element analysis
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Purpose: The purpose of this study was to evaluate the effect of attachments and palatal coverage on stress distribution in
maxillary implant overdenture using finite element analysis. Materials and Methods: Four maxillary overdenture 3-D models with
four implants placed in the anterior region were fabricated with computer-aided design. 1) Ball-F: Non-splinted ball attachment

and full palatal coverage, 2) Ball-P: Non-splinted ball attachment and U-shaped partial palatal coverage, 3) Bar-F: Splinted milled

bar attachment and full palatal coverage, 4) Bar-P: Splinted milled bar attachment and U-shaped partial palatal coverage. Stress
distribution analysis was performed with ANSYS workbench 14. 100 N vertical load was applied at the right first molar unilaterally
and maximum stress was calculated at the implant, peri-implant bone and mucosa. Results: The use of the ball attachment showed

lower maximum stress on implant and peri-implant bone than the use of the milled bar attachment. But it showed contrary

tendency in the mucosa. Regardless of attachment, full palatal coverage showed lower maximum stress on implant, peri-implant
bone and mucosa. Conclusion: Within the limitation of this study, ball attachment improved stress distribution on implant and peri-
implant bone rather than milled bar attachment in maxillary implant overdenture. Also, full palatal coverage is more favorable in

stress distribution. (J Dent Rehabil Appl Sci 2020;36(2):70-9)
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3% computer-aided design (CAD) 2 13 (CATIA
5.0, Dassault Systems®, Vélizy-Villacoublay, France)<
o3l Fotx, AETE, FAPFA] L8l 97jgx] =
B2 MBSk 1 - 4)

Aere Bl malo of 3ol @t e Aasl &
4919 mm, £7 6349 mm& 3tYTH(Fig 2). Huke
N FLEYE 1.5 mm, A E2E F= 3 mm FAZ
Moty om* dut olgf 2 1.5 mm £79 HEZ S
H5haL Luix] B2 AT E AASHITHFig 1),
74 4.0 mm, Z0] 10 mm YEZTHE (Superline, Dentium,
Seoul, Korea) 470& AeE AYE(FS SEX|t AR
Ao 1) A1 AR 24 T7] Apole] 2k2F S1RIA
Ak (Fig 2). & §AEA1E QBT 5 AEAY
nUE &|d) % (BAB352018, Dentium)Z 0|5+t v}
gARAlE QEREY And 97 189S 9lal 2ol

2.5 mm, F7 3 mmZ] S HA 24 YT Hl(milled bar)

D N

al

Overdenture

Mucosa

Cortical bone
Cancellous bone

Fig. 1. 3-D model of maxilla and overdenture.

49.19 mm

Fig. 2. Dimensions of the ridge and location of implants.

63.49 mm
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A

Fig. 3. 3-D models of implant and attachment system. (

N

A) Ball attachment, (

B) Milled bar attachment.

Fig. 4. 3-D models of Maxillary overdentures. (A) Full palatal coverage, (B) Partial palatal coverage.
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Table 1. Number of nodes and elements of the finite element model (unit: ea)

Ball-F Bar-F Bar-P
Nodes 625,539 609,980 615,244 599,255
Elements 421,440 411,756 415,183 405,266
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Table 2. Material properties

Table 3. Maximum equivalent von Mises Stresses (MPa)

Young’s Poisson
Materials modulus ratio
(MPa) )
Cancellous bone 1,370 0.30
Cortical bone 13,700 0.30
Mucosa 34 0.45
Opverdenture (Acrilic resin) 3,000 0.35
Implant 105,000 0.34
Ball Abutment 105,000 0.34
O-ring 3.57 0.50
Ball attachment metal cap 113,000 0.34
Milled bar (Co-Cr) 218,000 0.33

Group Implant  Peri-implant bone ~ Mucosa
Ball-F 4.61 1.16 0.41
Ball-P 5.44 1.39 0.58
Bar-F 25.52 06.85 0.27
Bar-P 28.41 7.63 0.32
Zd
QEVE, YEUE F91 2 Te)n Aue] SHRE
P BE AYLIN Hl5T 4TS BT wE A
#29) 7 T2 40N S Ho) SUZLE Table 30]
Uit AR EIAE 2515 23 JBUE A
TS ARAA Fd SYFE B, AEHE F9
TolH= BoE 13 QEetE 2ol YATAS
AolA 2) g Ry B2, HuolHE o
% 25 A E=A]A F) SEghE HTh(Fig 5-7)
SRR Bqol Be SHREE PR $7
BAglo] B SRS AT AERY QETESG ¢

Fig. 5. Stress distribution on implant. (A) Ball-F, (B) Ball-P, (C) Bar-F, (D) Bar-P.
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Fig. 6. Stress distribution on peri-implant bone. (A) Ball-F, (B) Ball-P, (C) Bar-F, (D) Bar-P.

Y

Fig. 7. Stress distribution on mucosa. (A) Ball-F, (B) Ball-P, (C) Bar-F, (D) Bar-P.
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ig. 8. Chart of maximum stress of Ball-F and Bar-F groups.
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