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Analysis of Mechanical Properties of Shape-Memory Alloy Staple
Internal Fixation in Triple Arthrodesis Surgery

FU Rongchang, ZHANG Huaiyue, LI Han
( College of Intelligent Manufacturing Modern Industry, Xinjiang University, Urumgqi 830017, China)

Abstract; Objective To study the biomechanical differences between hollow compression screws and shape-
memory alloy staples in triple arthrodesis internal fixation and to provide references for the clinical application of
shape-memory alloy staples. Methods Two-dimensional (2D) computed tomography (CT) foot data from a
patient with severe horseshoe foot stiffness were selected, and a triple arthrodesis model was established using
Mimics and Geomagic software. A geometric triple arthrodesis internal fixation model was established using
SolidWorks 2021 software. Four fixation schemes (A, B, C, and D) were established according to the type and
combination of fixed screws ( hollow compression screws and shape-memory alloy riding nails ). The
biomechanical characteristics of models with different internal fixation schemes under neutral physiological loading
were simulated and analyzed using ABAQUS software. Results The maximum end-face displacements of the
fused surfaces of the talocalcaneal talonavicular and calcaneocuboid joints in the internal fixation model of scheme
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D were greater than those in schemes A, B, and C. The differences between the medial and lateral

displacements of the fused surfaces of the talonavicular and calcaneocuboid joints in the internal fixation model of

scheme D were 13. 10% and 13. 60% , respectively. The fused surface displacements were closer to the parallel

displacements than those in the other three fixation schemes. The von Mises stresses were greater than those of

schemes A, B, and C. Conclusions

The application of scheme D (internal fixation at fusion surfaces of the

talonavicular and calcaneocuboid joints with staples and at fusion surfaces of the talocalcaneal joints with

compression hollow screws) provides stability at fusion surfaces of the internal fixation after triple arthrodesis

surgery with near-parallel micromovement, which produces appropriate fusion stresses to make contact at the

fusion end closer, promote the growth of bone scabs, and achieve better fusion results.

Key words: triple arthrodesis; internal fixation; compression hollow screw; shape-memory alloy staple
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Fig.1 Pre- and post-orthopedic model of rigid horseshoe foot

triple arthrodesis (‘a) Preorthopaedic osteotomy,

(b) Osteotomy, (c) Postorthopaedic osteotomy

x1 TRABEEAR

Tab.1 Different internal fixation schemes

FE R BE AT PREESETY

A 20 4 mm MJEZS 2 B 4 mm fNJEZS O
LIRET IRET

B e 2 %;ﬁﬁ%jﬁa'rzﬁéé 2 50 d4mm Ji K 2SO
2 0BT BSEET IBET

(o S 2 4 mm BIEZS 2 WHARICIZ A 4 H
DIRET 45T

D 2P RICIZ A4 2 BIRRICIZ A 4 %
Yrs%kT AT

i sy d 2y
Adad

B2 ARMEERFER

Fig.2 Models of different internal fixation schemes
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