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[Abstract] Objective:To explore the appropriate strategy for restoring maxillary first molars with palatal-occlusal (PO) defect or
distal-occlusal (DO) defect by using fiber-reinforced composite posts. Methods - Two types of defects in maxillary first molars were
established: PO defect and DO defect. For each type, 5 finite element models with different restoration strategies were created: no
post (NP), palatal post (PP), palatal and distobuccal posts (PDP), palatal and mesiobuccal posts (PMP), and palatal, distobuccal and
mesiobuccal posts (PDMP). In the multi-post groups, if 2 posts overlapped in the resin core, the thinner one was horizontally
trimmed 1 mm below the intersection point. The models were loaded by a vertical force—an 800 N force parallel to the long axis of
the tooth, and a lateral force—a 225 N force directed at 45° to the long axis of the tooth. The following parameters were calculated
by using finite element analysis: equivalent stress in the tooth structure and the posts, and maximum shear stress on the post-cement
and cement-canal interfaces. Results-Under the vertical loading, the maximal equivalent stress on the external surfaces of the tooth
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with PO defect was the lowest in the PMP group (36.17 MPa), while it was the lowest in the PDP group with DO defect (36.23
MPa). Under the lateral loading, it was the lowest in the PDMP group with PO defect (40.47 MPa), while it was the lowest in the
PMP group with DO defect (42.05 MPa). With either defect, the equivalent stress on the internal surfaces generally decreased at the
cervical 1/3 of root canals and increased at the middle 1/3 after post inserting. Palatal canal post and mesiobuccal canal post
respectively withstood the highest equivalent stress under vertical loading and lateral loading (60.75—71.29 MPa and 4591 —
51.82 MPa, respectively), and the maximal shear stresses on these two post-cement interfaces were also the highest under the
corresponding loading (11.26—12.93 MPa and 12.38—13.03 MPa, respectively). The maximum shear stresses on the cement-canal
interfaces were similar among the groups under the vertical loading (9.96—10.58 MPa), while under the lateral loading they were
higher in the PMP group and the PDMP group. Conclusion - The appropriate strategy for fiber-reinforced composite post restoration
on maxillary first molars should be determined according to the type of tooth defect. For PO defect, the strategy of one post
restoring in palatal canal is recommended; for DO defect, the strategy of two posts restoring in palatal and mesiobuccal canals

respectively with approaches to reduce vertical occlusal force is recommended.

[Key words] molar; fiber-reinforced composite post; post and core technique; finite element analysis; stress
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Fig1 Two models of restored maxillary first molar with tooth defect
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A Post B

P root

DB root
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Note: A. NP group. B. PP group. C. PDP group. D. PMP group. E. PDMP group. DB—distobuccal; MB—mesiobuccal; P—palatal.
B2 REMEERMEH LE—EF T ERIRIEERE (PO FAEIR A F])
Fig2 Models of restored maxillary first molar with tooth defect by different restoration strategy (PO defect for example)

2022, 42(8)

1.3 3D-FEA

1E ANSYS Workbench 1Y) “Mechanical” A A4
AR TR e A A BRI, BE A
FYERE; AR TV TR R AR A iR CF AR Z
x1 MRREANFEESH

Tab 1 Mechanical properties of materials and tooth tissues

¥ b, BONEAMIER, BENERHIS = SRR A
FHIRAIBIBRA T TTT 5 A okt . BRETHERE R IE2S 45 1)
SPERIZSPERTRIAL, HARPRIA A2 il [ PR i
PER R HARB) ARSI e 2Rk 1

Component Elastic modulus/MPa Poisson ratio
Cancellous bone 2" 1370 0.30
Cortical bone 2" 13 700 0.30
Dentin 2" 18 600 0.31
Gutta-percha %! 141.9 0.45
Periodontal ligament ') 68.9 0.45
Resin cement (crown) 2 18 300 0.30
Resin composite (direct restoration) 24 12 000 0.33
Resin core build-up/Resin cement (post) 2! 16 440 0.26
Zirconia ceramic crown 22 200 000 0.33
Quartz fiber-reinforced composite post E,=50 000, E=E=15 000 0.30

Note: Ex—elastic modulus on x axis; Ey—elastic modulus on y axis; Ez—elastic modulus on z axis.
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Note: A. Vertical loading. The tooth was given an 800 N force parallel to the long axis (the direction of the 3D arrow) on the five points (red dots). B. Lateral

loading. The tooth was given a 225 N force directed at 45° to the long axis (the direction of the 3D arrow) on the two points (red dots).
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Fig3 Schematics of the positions and directions of the loadings
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2733
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4.56

37.53

NP PP PDP PMP PDMP

I
39.00
34.67
3033
26.00
21.67
17.33
13.00
8.67
433
0
L
40
36.85 36.54 36.23 36.95 36.59
g 30 |
wn
E 20
10 |
0

NP PP PDP PMP PDMP

Note: A - F. PO defect. G - L: DO defect. A/G. NP group. B/H. PP group. C/I. PDP group. D/J. PMP group. E/K. PDMP group. F/L. The maximal equivalent
stress (MES) in each group. The red arrows indicate the locations of maximum stress; the blue arrows indicate the locations of minimal stress; the yellow
arrows indicate the stress concentration areas in furcation areas.
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Fig 4 Equivalent stress distributions and MES on external surfaces of tooth tissues under vertical loading
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40 . MB root

40.47

NP PP PDP PMP PDMP

09 8321 B33 405 430

w
(=}
T

[}
(=}
T

MES/MPa

NP PP PDP PMP PDMP

Note: A - F. PO defect. G - L: DO defect. A/G. NP group. B/H. PP group. C/I. PDP group. D/J. PMP group. E/K. PDMP group. F/L. The MES in each group.
The red arrows indicate the locations of maximum stress; the blue arrows indicate the locations of minimal stress; the yellow arrows indicate the stress
concentration areas in furcation areas.
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Fig5 Equivalent stress distributions and MES on external surfaces of tooth tissues under lateral loading
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®2 AUMEEEESERENREEXERKEHLL NE(MPa)

Tab 2 MES on internal surfaces of root canals after placing posts (MPa)

PO defect DO defect
Group Vertical loading Lateral loading Vertical loading Lateral loading
P DB MB P DB MB P DB MB P DB MB

NP

@ 25.89 16.22 14.72 13.62 12.97 24.17 24.47 16.85 14.83 11.75 13.83 23.48

M 24.27 16.22 13.68 16.97 19.13 25.85 22.81 15.96 13.25 16.15 19.97 26.08

A 24.07 23.12 23.82 11.83 23.93 26.11 23.67 23.75 16.61 11.25 22.56 26.11
PP

C 18.62 16.11 14.90 11.15 12.90 24.95 18.35 15.98 14.96 11.51 12.67 23.76

M 35.04 16.11 13.76 19.53 19.54 26.94 36.52 15.98 12.73 19.19 19.11 24.89

A 26.66 24.17 17.32 11.22 24.84 17.51 23.73 20.75 31.70 10.84 20.37 33.79
PDP

C 18.47 15.47 14.70 11.44 13.46 23.43 18.31 18.70 14.59 11.11 13.51 23.61

M 36.84 27.37 13.48 20.51 19.60 24.94 35.39 26.77 13.01 19.19 20.41 25.85

A 26.84 22.85 12.90 11.50 22.61 17.46 23.59 21.49 24.29 12.01 21.05 31.21
PMP

C 18.58 15.87 15.13 10.82 12.82 20.57 18.46 15.80 14.59 11.43 12.37 22.23

M 33.87 15.73 21.63 19.10 19.45 34.06 33.98 15.80 20.06 18.14 20.20 32.36

A 31.43 18.36 26.53 14.27 21.01 27.90 27.72 20.44 31.63 11.97 20.37 37.53
PDMP

C 18.25 15.23 13.22 11.15 13.50 21.49 18.48 14.59 15.20 11.39 13.46 20.86

M 36.16 29.99 22.22 19.02 21.60 35.26 34.94 28.26 20.43 19.33 19.73 33.10

A 23.90 23.81 30.73 10.98 20.02 35.45 23.72 2231 1532 11.63 22.73 20.00

Note: C—cervical 1/3; M—middle 1/3; A—apical 1/3; P—palatal canal; DB—distobuccal canal; MB—mesiobuccal canal. The red values indicate the
maximum stress in the canals.
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KT A EYIR k. Ah, EREHBMT, RN EINE S iR . T EAAT T, 2 R
PO %45 7 PP, PDP I PDMP 41 L) &% DO Hedit tf PMP AU LK ITT-HLAERE B b S5 R UIN J EARE 5
BTN I TAEEIAL , HAREYIN g M T, DBRECELF4ERERT (PMP HIPDMP )
o AR BE K TV S AR T S A e A T I TR A BE S E AR DD I T B e T At 2
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A

—a— Cervical 1/3
—a— Middle 1/3

w = —=—Apical 1/3

./'
.\-

PMP PDMP
Mesiobuccal canal

B

—a— Cervical 1/3
—=— Middle 1/3
—=— Apical 1/3

I

L L

PMP PDMP
Mesiobuccal canal

(@&

—a— Cervical 1/3
—=—Middle 1/3
—=— Apical 1/3

PMP PDMP
Mesiobuccal canal

D
—a— Cervical 1/3
—=— Middle 1/3
—=— Apical 1/3

PMP PDMP

Mesiobuccal canal

Note: A. PO defect under vertical loading. B. PO defect under lateral loading. C. DO defect under vertical loading. D. DO defect under lateral loading.

6 ARMEEEESERENRARASEHNNEANEEBEEN (NPA)NELESE

Fig 6 Percentage of MES changes in each group compared to NP group on the internal surfaces of root canals after placing posts

F3 HHEFHEBENZEKREHEIE(MPa)
Tab 3 MES in the posts in each group (MPa)

Post

Palatal canal

Distobuccal canal

Mesiobuccal canal

http://xuebao.shsmu.edu.cn

Group

PP
PDP
PMP

PDMP
PDP
PDMP
PMP
PDMP

PO defect
Vertical loading
69.18
60.75
65.00
65.50
42.50
44.65
39.39
36.27

25.84
25.49
25.22
25.43
26.29
28.16
51.82
49.31

Lateral loading

Vertical loading

DO defect

Lateral loading

69.34 25.69
66.95 25.63
71.29 25.37
63.78 25.44
39.73 27.50
39.85 27.06
35.17 45.91
27.06 48.91
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x4 FHEME-REEKITTRE E&EXYINF{E(MPa)

Tab 4 Maximum shear stress on the post-cement interface (MPa)

PO defect DO defect
Post Group
Vertical loading Lateral loading Vertical loading Lateral loading

Palatal canal PP 11.75 7.30 12.93 7.41
PDP 11.77 7.27 11.91 7.33

PMP 11.39 7.49 11.26 7.33

PDMP 11.50 7.27 12.92 7.40

Distobuccal canal PDP 7.91 6.94 8.09 7.03
PDMP 7.91 6.78 7.85 6.89

Mesiobuccal canal PMP 7.40 12.38 7.48 12.84
PDMP 7.73 13.00 7.57 13.03

Note: A - D. PO defect under vertical loading. E - H. PO defect under lateral loading. I - L. DO defect under vertical loading. M - P. DO defect under lateral
loading. A/E/I/M. PP group. B/F/J/N. PDP group. C/J/K/O. PMP group. D/H/L/P. PDMP group. The red arrows indicate the locations of maximum stress; the
blue arrows indicate the locations of minimal stress.

7 2FERTE TAGME-RAEKITTRE LNVIE N5

Fig 7 Shear stress distributions on the post-cement interface under vertical and lateral loadings
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Tab 5 Maximum shear stress on the cement-canal interface in

each group (MPa)

PO defect DO defect
Group Vertical Lateral Vertical Lateral
loading loading loading loading
PP 9.96 6.72 10.35 6.67
PDP 10.14 7.06 10.28 7.00
PMP 10.35 11.45 10.26 11.37
PDMP 10.58 11.29 10.38 11.54
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