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Three - dimensional finite element analysis of Kirschner wire fixation configuration for supracondylar fracture of
humerus fracture in children L/U Xiang-fei ,Alliew Kamara,LIU Chuang ,WANG En-bo , JI Xiang-lu,LIU Tian-jing ,and LI
Qi-lin. Shengjing Hospital of China Medical University ,Shenyang 110000, Liaoning , China

ABSTRACT Objective: To establish a new mechanical model of distal humerus in children with epiphysial cartilage , stimu-
late supracondylar humerus fracture and perform three dimensional finite elements,and study effect of pins numbers, pin tract,
outlet height and pin configurations on stability of fixation. Methods : Three dimensional computed tomography (CT) data of 6-
year-old boy with distal humerus was downloaded from picture archiving and communications systems software (PACS),the
data of picture was imported into Simpleware and SolidWorks 2016 software to establish distal humerus fracture in children
contained ossific nucleus of the capitellum (ONC) and distal cartilage. Normal extense supracondylar humerus fracture model
was established to stimulate configurations of crossed and lateral pinning fixation,30 N was added on the direction of flexion-
extension and varus-valgus,while 50 N was added on the direction of internal and external turning. Stability was analyzed by
displacement degree of distal fracture. Results: Among 2-pin configurations,2-crossed pins were more stable against rotation
forces which could resist rotation stress over 2 585 Nmm/° ,while low position through ONC of 2-divergent lateral pins were
more stable,which could resist stress of 45 N/mm and 190 N/mm during the test of resistant strains and varus-valgus stress.
The third pins was added into the more stable lateral 2-pins,the stability in all directions were increased obviously,and 3-
crossed pins is the most stable,stress of flexion-extension, varus-valgus and internal-external turning were 198 N/mm,395
N/mm and 6 251 Nmm/°. Conclusion: Two-divergent lateral pins could provide enough stability for supracondylar humerus
fracture in children. In two-crossed pins, the upper border of MDJ could provide the best stability. Three-crossed pins could of-
fer the best stability against both translation and rotation forces.

KEYWORDS Humeral fractures; Child; Fracture fixation; Finite element analysis
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Fig.1 Reconstruction of distal humerus model 1a. Sagittal view of three-dimensional CT of elbow joint 1b. Sagittal view of distal humerus showed 2D

reconstructed of epiphysial cartilage 1c¢. 3D reconstructed view of distal humerus with epiphysial cartilage distal humerus with epiphysial cartilage.

ossific nucleus of capitellum and distal humerus were showed with red , yellow and blue
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Fig.2 Fixed configuration of pin during stimulation test 2a. Outlet height

of crossed pin 1,crossed pin 2,crossed pin 3, crossed pin 4 and crossed pin
5,were respectively stands for the lower borders of -3, -2, -1, +1 and +2
zones. Yellow zone showed metaphyseal-diaphyseal junction;low-blue line
showed inter-epicondylar line  2b. Two-crossed pins  2¢. Two-lateral pin-
ning  2d. Three-crossed pins  2e. Three-lateral pins with middle pin lying

within the lateral column 2f. Three-lateral pins with middle pin traversing

olecranon foss
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Fig.3 Two-lateral pin configurations 3a. Position of pin was fixed in only the coronal plane H:higher lateral pin; L:lower lateral pin. The position of

pin L was varied with respect to the ONC in the sagittal plane  3b. Position of low-pin was located on the middle third of the ONC  3c. Position of low-pin

was located on posterior third of ONC  3d. Position of low-pin was located on the posterior to ONC zone ONC:ossific nucleus of the capitellum
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Tab.1 Material properties,number of elements and nodes
of the finite element models

A4 BT BT BED=S Young’s & JAM L
el A HH %7 (MPa) )
B C3D6 94592 68822 11670 0.28
LN C3D4 255931 56916 70 0.2
Bkt C3D4 36328 7 864 70 0.2
e C3D4 169888 36627 15 0.45
2 Mkl C3DSR 4384 6072 200 000 0.33
3 Mokt C3D8R 5952 8250 200 000 0.33
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Tab.2 Comparison of stability of 2—pin configurations in compressive load and rotation tests

iz /1 EEF SR 38 LEF 2 3EE LEE oot 173 gafertho s 173 g5 Ir
5 1 Fy 20 5 Fy 78 4 Fy iy 3 a7 2 7 1 F SO B Ha Y FY SO B e Y H S MO T 4 7
Jitt il (N/mm) 18.313 18.416 13.390 6.625 14.486 45.561 11.921 9.922
{1 E (N/mm) 17.741 17.756 12.680 6.269 13.651 45.155 11.360 9.370
A (N/mm) 117.714 117.444 78.197 31.191 25.606 190.601 80.487 39.122
A # (N/mm) 118.077 117.840 78.976 31.537 25.960 190.079 80.186 39.406
MiE (Nmm/°)  2298.623  2475.691 1423.572 173.803 224.411 1 144.406 405.957 274.382
SMJE(Nmm/°)  2299.002 2 585.165 1 380.466 172.334 239.203 1260.758 415.056 270.382
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Tab.3 Comparison between 3—pin configuration and the best 2—pin configuration in compressive load and rotation tests

I F) 3 MeEE LB 55 3 MUBHTTENG B AMURE [ 58 3 MREE 27 A TS W 19 3 2 MeBe SLEE Ao 173
7 I Hy 3 R S R Fa 71 4 19 2 A S0 1 Hg 75
Ji i (N/mm) 197.768 55.068 65.541 18.416 45.561
i 2 (N/mm) 198.364 54.603 65.095 17.756 45.155
S8 (N/mm) 395.467 263.287 209.167 117.444 190.601
P4 8 (N/mm ) 394.001 262.458 209.355 117.840 190.079
P E (Nmm/°) 6251.147 1258.933 1 418.002 2475.691 1 144.406
S1jiE (Nmm/©) 6198.679 1 500.842 2030.987 2585.165 1260.758
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