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Finite element analysis of the influence of anchorage number and location on Bankart repair strength of shoulder
joint ZHOU En-chang™ ,YIN Hao ,TANG Ping,ZHANG Yu-yan ,and LI Bang-guo. *Department of Orthopaedics ,the Second
People s Hospital of Liaocheng, Linging 252601 ,Shandong,China
ABSTRACT Objective: To study the influence of the number and position of anchor nails on the Bankart repair by the finite
element analysis. Methods: The 3D CT data of shoulder joints including normal adult volunteers were imported into Mimics
10.0 and Geomagic 2012 software to reconstruct the related tissues,and then meshed in Hypermesh 13.0 software to give mate-
rial attributes. The position and number of MPC constraints were adjusted in Abaqus 6.14 to establish finite element model of
shoulder joint under 6 working conditions including A model (normal control model ) , B model (Bankart damage control mod-
el),C model (1 anchor),D model (2 anchors) ,E model (3 anchors) ,F model (4 anchors). The humerus external rotation and
forward load were added to simulate the fear test of the shoulder joint forward instability. Results: (1)Normally,the inferior
glenohumeral ligament complex accompanied by the external rotation of the humerus head has a wrinkle and a significant stress
concentration around its anterior and posterior bundle terminations. (2 )The stress of the anterior bundle and posterior bundle of
the inferior glenohumeral ligament were increased by 52.33% and 45.67% respectively after Bankart’s injury.(3)In each model
of anchor repair, the stress concentration was obvious at the anchor site,and the stress of anterior and posterior bundle liga-
ments could be reduced; there were no obvious differences between C,D models and B model (P>0.05) ,and there were signif-
icant differences between E ,F models and B model (P<0.05). Conclusion : One or two anchors can reduce the stress of the an-
terior and posterior bundles of the inferior glenohumeral ligament in the repair of Bankart’s injury, but when the angle of rota-
tion is large , the stress concentration in the anchor position increases significantly,leading to the increases of the risk of failure.
The application of three or four anchors can enhance the constraints on the inferior glenohumeral ligament and reduce the stress
of the anchor itself through the “load sharing”effect between anchors,so as to ensure the stability of the shoulder joint and pro-
vide a mechanical environment for the early rehabilitation of patients.
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Fig.1 Left shoulder joint abduction 90 degree model
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Fig.3 Mises stress distribution of the lower glenohumeral ligament complex in A(3a),B(3b),C(3¢),D(3d),E(3e),F(3f)models
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Tab.1 Stress distribution around anchorage in the anterior and posterior fixate sites of the lower glenohumeral ligament with

different models of external rotation angle (x+s ,MPa,n=10)

- 9 JBh 6 RiBh L E
30° 60° 90° 30° 60° 90°

A BT 1.96+0.63 8.33x1.13 17.37+2.21 1.69+0.67 7.72+1.87 16.31+1.53
B 7Y 2.48+0.44" 10.2£2.222 23.46+3.45% 2.99+1.34* 12.38+2.03* 23.76+1.57*
C LTy 2.24+0.39" 10.83+1.51" 20.79+2.36" 2.03+1.27% 11.32+0.82" 21.95+3.15"
D #5i75) 2.11+0.56" 10.69+1.37" 19.87+1.51" 1.94+1.21"° 10.54+1.36"" 20.52+4.36"*
E Bim 1.91£0.51"° 8.41x+1.42" 17.16£2.47"° 1.67+0.34"° 9.14+1.41"7 16.63+1.48"¢
F i 1.93+0.64"° 8.31+1.52" 16.61+1.08"™ 1.48+0.42" 8.92+1.83" 15.41+3.17™

WA BRI LB, 1=2.14, P=0.46 %=2.37 ,P=0.027 ;“1=4.72 ,P=0.000 ;*1=2.74, P=0.013;1=5.34, P=0.000;4=5.82, P=0.000., 5 B B 1t 4% "=
1.29,P=0.213;%=0.74, P=0.467;"1=2.02, P=0.058 ;"1=1.644,P=0.117;"1=1.53,P=0.143;"1=1.62,P=0.121;"1=1.64, P=0.117;"1=0.59,, P=0.559 ; /=
1.84,P=0.082;"%=1.86,P=0.077;""=5.82, P=0.000;"%=1.93, P=0.068 ;""1=2.67,P=0.015 ;"¢ =2.14, P=0.045 ;"1=4.69 , P=0.000; "¢ =3.02 , P=0.007 ;
My =4.14, P=0.000;"%=12.23,P=0.000;"*=2.23, P=0.037;"%1=2.22, P=0.039 ;*1=5.91, P=0.000;"%=3.40, P=0.003 ; "*1=4.003 , P=0.000 ;4 =7.46 , P=
0.000

Note : Compared to A model ,*=2.14, P=0.46 ;%=2.37,,P=0.027 ;“1=4.72 , P=0.000;*=2.74, P=0.013 ;“¢=5.34 , P=0.000 ; “¢=5.82 , P=0.000. Compared to
B model ,"t=1.29, P=0.213;%=0.74,, P=0.467;"1=2.02 , P=0.058 ;"#=1.644,P=0.117;"1=1.53,P=0.143;"%4=1.62,P=0.121;"1=1.64 ,P=0.117;"1=0.59 ,
P=0.559;"1=1.84,P=0.082;"%=1.86,P=0.077;"1=5.82, P=0.000;"% =193, P=0.068 ;" =2.67,, P=0.015 ;" =2.14, P=0.045 ;"% =4.69 , P=0.000 ;" =
3.02,P=0.007;"1=4.14, P=0.000;""=12.23, P=0.000; "*=2.23 , P=0.037;"*1=2.22 , P=0.039 ; *4=5.91, P=0.000; %=3.40 , P=0.003 ; "#1=4.003 , P=0.000 ;
247 .46 , P=0.000
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