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Abstract: Objective To investigate the relationship between lesion size of solitary bone cyst ( SBC) and
pathological fracture of calcaneus, so as to provide references for the treatment of SBC. Methods The three-
dimensional (3D) finite element model of foot and ankle was established based on CT images. Four models with
gradient spherical bone defects were constructed in the focal area to simulate different SBC lesion sizes, and the
biomechanical characteristics of calcaneus in different gait phases were analyzed. Results With the
increasement of SBC size, the kinematics of calcaneus did not change significantly, but the peak stress of
calcaneus increased gradually. When the SBC size exceeded 75% of the calcaneal width, the stress in calcaneal
sulcus and cortical bone below SBC increased by 1. 48 times and 7. 74 times, respectively. Conclusions The risk
of pathological fracture increases when the SBC diameter exceeds 75% of the calcaneal width, and early surgical
intervention should be recommended. The calcaneal sulcus and the cortex bone below SBC are stress
concentration regions and can be used as important areas to evaluate pathological fractures.
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Fig.1 Geometric model of the foot ankle

( Geomagic 2~ Al , 52 ) AT i 1 G DA SO = £
AL, 14 # NUBRS [T, A W] B 8% 4] SR FH 40
KT IESE, f# FH SolidWorks 2021 ( Dassault Systemes
VNl s % ) M, A HyperMesh 2021 ( Altair YN
A, S ) A PR T AL AR AR SR AT A R 53 DA R R
I A7 RS A AT

FRE SBC Z WL TR s =M X BN AHL
MERIE B2 = MAIREs T 2 BB A BT/
HORNRLIE AR G H R R A A &) 38 W, 1 B, 25
ARRALIE Fsgma it it . R Al REHERf ALl SBC
TR, i1 5 30 234 SR 0 LSt e | 6 Bl 37 BROE i b
B BEHL SBC ikt 22 & DX A S bR 1 30 AL BR B i
FE (25.02 mm) B 25% 50% .75% LA K3 AL 100%
A7 BRAL SBC AR (L 2) . BREARSHIHN 6,12,
18.24 mm, 24 5 BE K B (72.21 mm) 19 8.31% .
16. 62% . 24.93% . 33.24% , & B4 5 A 113. 04,
904.32.3 052.08.7 234.56 mm’, £ (5 B B S AR
(52 971. 53 mm*) 1 0. 21% .1. 71% 5. 76% .13. 66%

D DD

(a) 25%SBCHERL (b) 50%SBCAERY (¢) 75%SBCHLR

(d) 100%SBCHER (e) FRE AR

2 SBC t=#!
Fig.2 Solitary bone cyst (SBC) model (a) 25% SBC model,
(b) 50% SBC model, (c¢) 75% SBC model, (d) 100%

SBC model, (e) Coronal plane of calcaneus
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Fig.3 Gait phases and setting of model boundary condition

(a) Heel-strike phase, (b) Midstance phase, (c) Push-off phase
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Tab.2 Calcaneal displacement
A B JE LA/ mm PN AM RS/ mm
H]Lj;ﬂ IEH 25% 50% 75% 100% IEH 25% 50% 75% 100%
g B SBC SBC SBC SBC BB SBC SBC SBC SBC
A ST 4 1.573 1. 575 1.578 1.579 1. 603 0. 598 0.597 0. 602 0. 605 0. 601
FHi 2.713 2.720 2.717 2.721 2.728 0.362 0. 368 0. 365 0.371 0.373
SR 2.124 2. 126 2.120 2.128 2.201 0. 827 0. 828 0. 825 0. 830 0. 835
i3] 3.200 3.202 3.210 3.208 3.223 0. 547 0. 545 0. 541 0.549 0.561
R }1/MPa
25%SBC 24.00
22.00
20.00
18.00
16.00
14.00
50%SBC 12.00
10.00
8.00
6.00
4.00
75%SBC (2)-00
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Fig.4 Distributions of calcaneal stress at different gait phases (a) Static standing, (b) Heel-strike

phase, (c¢) Midstance phase, (d) Push-off phase
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Fig.5 Peak stress in different regions of each model (a) Overall calcaneus, (b) Calcaneal sulcus, (c) Below the solitary bone cyst
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