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Treatment of lateral ankle joint ligament sprain by shaking and poking manipulation based on finite element method
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ABSTRACT Objective To conduct a preliminary study on joint injuries of anterior and calcaneal fibular ligaments of the
lateral ankle joint,and to analyze mechanism of action of shaking and poking in treating ankle joint and biomechanical proper-
ties of ankle during the recovery of joint injuries. Methods CT scan was performed on a male volunteer with right ankle sprain.
Mimics 10.0,Solidworks 2016, Hypermesh 12.0 and Abaqus 6.13 software were used to establish 3D nonlinear finite element
analysis model of foot and ankle ,and the validity of model was verified. Combined with clinical study, the finite element simu-
lation analysis was carried out on the toe flexion,dorsiflexion, varus and valgus of ankle joint under different treatment periods
by adjusting elastic modulus of ligament to simulate ligament injury. Results With the treatment of shake and prick and recov-
ery of ligament injury, the maximum stress and area with large stress on tibial pitch and fibular joint surface gradually increased
under the four working conditions,and the stress value of the maximum stress ligament gradually increased,and the stress of
the anterior and calcaneal fibular ligament dispersed and transferred ,and the axial force gradually decreased. Conclusion The
finite element method was used to simulate the mechanical condition of the shaking and stamping technique, and the changes of
the forces of the ligament and articular surface before and after treatment of anterior and calcaneal ligament combined injury of
ankle talus were intuitively observed. The treatment effect was quantified ,and could provid objective and scientific basis for
clinical promotion and application of this technique.
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Fig.1 Finite element model of foot and ankle with ligament rod elemet 1a. Lateral view of the foot ~1b. Rear view of the foot ~1c. Medial plantar view
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Fig.2 Setting of contact pair of foot and ankle finite element model
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Fig.3 Stress distribution on tibial talus articular surface ~ 3a. Before treatment ~ 3b. During treatment

S, Mises S, Mises
(Avg: 75%) (Avg: 75%)

+1.9356+01 +1.935¢+01
417746401
+15613e+01
+1.453e+01
+1:292¢+01
+1131e4+01
497026400
+8.094e +00 MaxXi +

+3.667e-02
Max: +7.961e+00
Elem: PART-1-1,320290

Node: 51292 @

B4 MEREOCTTIE Y A daciBYTHT 4b iRyT T de REE

Fig.4 Stress distribution on joint surface of talus  4a. Before treatment
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Tab.1 Maximum stress on the joint surface of the fibular
talus and tibial talus at different treatment periods
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Tab.5 Stress of anterior talofibular ligament at different treatment periods under different working conditions
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