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Abstract 
As one of the clinical properties of coronary interventional guidewires, it is necessary to 
study the torsional control of coronary guidewires. In this paper, the structural analysis 
and design of coronary interventional guidewire were carried out, and the finite element 
model of torsion control performance of coronary guidewire was established by using 
SolidWorks and ABAQUS software to analyze the influences of the diameter of the plastic 
section of guidewire core, the length of the plastic section, the length of transition section, 
and the diameter of support section on the torsion control performance of the guidewire. 
Orthogonal experiments were carried out on the key guidewire core parameters, and the 
results of finite element analysis showed that: the diameter of the shaping section of the 
coronary guidewire was 0.12mm, the length of the shaping section was 25mm, the length 
of the transition section was 60mm, and the length of the support section was 0.28mm, 
which was the optimal parameter for the twist-control performance of the guidewire. 
The results of the study can provide a reference for the design and improvement of 
coronary guidewire. 
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1. Introduction 

With the aging of society, the risk factors brought by cardiovascular diseases have become more and 
more significant to the health of the population, and the incidence of cardiovascular diseases 
continues to increase[1,2]. Due to the rapid development of coronary intervention technology, PCI 
has become an important means of coronary revascularization. In particular, the branch vessels at the 
coronary bifurcation site are sometimes issued at a large angle, resulting in extremely angular 
coronary bifurcation lesions, and it is difficult for the guidewire to pass through the lesion when 
dealing with such lesions, so whether or not the guidewire can pass through the bifurcation lesion is 
the key to the success of the angular coronary bifurcation interventional therapy[3]. As an important 
instrument of minimally invasive medical treatment, guidewire is the "first officer" in interventional 
therapy, playing the role of entering the blood vessels or other lumens of the human body first and 
guiding the catheter and other instruments to enter the body or the curved part, which is an 
indispensable and irreplaceable important guiding role in minimally invasive surgery and 
endovascular therapy[4]. 

At present, China lacks the design and manufacturing capacity of guidewires, so foreign guidewire is 
mainly used in PCI intervention, and the high price of foreign brand guidewires brings about the 
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problem of the high cost of interventional therapy. Therefore, the development of domestic 
guidewires can effectively promote the competition and development of related medical 
manufacturing industries and reduce medical expenses. However, at present, most of the relevant 
literature refers to the clinical application of guidewires, and there is a gap in the research on the 
structural properties of guidewires. As one of the clinical properties of coronary interventional 
guidewires, the study of the torsion control of coronary guidewires is very necessary, and the 
performance of coronary guidewires has become an important direction of development and a 
research topic in China[5]. 

2. Structural Design and Finite Element Modeling of Coronary Guidewires 

2.1 Design of Guidewire Structure 

The guidewire can be divided into five parts in the overall structure: tip, sheath, core, push rod and 
coating[6]. This thesis focuses on the design of the tip, sheath and core, especially the design of the 
guidewire core, which has a direct impact on the torsion control performance of the guidewire. The 
specific design diagram of the guidewire is shown in Figure 1, and the main design dimensions of the 
guidewire core are shown in Table 1. 

 

 
Figure 1. Structure of the coronary guidewire 

 

Table 1. Main design dimensions of guidewire cores 

parameters numerical value 

Diameter of plastic section (mm) 0.1 

Length of plastic section (mm) 20 

Length of transition section (mm) 60 

Diameter of support section (mm) 0.2 

2.2 Geometric Model 

Based on the above design of the coronary guidewire, the geometric model of the guidewire is divided 
into three parts: the tip cap, the spring sheath, and the core. The three-dimensional geometric model 
of the coronary guidewire created using the geometry model in SolidWorks is shown in Figure 2. 

 

 
a) 3-D drawing of tip cap geometry  b) 3-D drawing of spring guard geometry 
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c) Three-dimensional drawing of the core geometry 

Figure 2. 3D model of guide wire tip cap, spring sheath and core 

2.3 Material Properties and Meshing 

NiTi alloy (55 wt.% Ni) was selected as the fabrication material for the guide wire in this project[7]. 
Its specific material property values are shown in Table 2[8]. Finite element analysis software has 
developed a special subroutine for NiTi alloy material assignment, just set the following parameters. 

 

Table 2. Hyperelastic parameters of NiTi alloys 

Parameter/Unit numerical value 

densities /g﹒cm-3 6.45 

martensitic modulus of elasticity /MPa 21360. 73 

Poisson's ratio 0.33 

phase transition onset stress /MPa 591. 78 

phase transition termination stress /MPa 616. 47 

Inverse phase transition onset stress /MPa 397. 48 

Inverse phase transition termination stress /MPa 237. 88 

 

The 3D model of the guidewire needs to be divided into three parts: tip cap, spring sheath, and core 
for independent meshing. To ensure the mesh quality, the cell types of the tip cap, spring sheath, and 
core are all selected as eight-node solid reduced integration cells C3D8R[9]. 

2.4 Contacts, Loads, and Boundary Conditions 

Three contact pairs were established in the guidewire model, namely, vessel-tip cap, vessel-spring 
sheath, and vessel-core (with the main surface in front), and a penalty function contact algorithm was 
used for tangential behavior with a friction coefficient of 0.1, and for normal behavior with hard 
friction. The boundary constraints were fixed constraints on both sides of the vessel and displacement 
constraints were applied to the caudal end of the guidewire core, according to the analytical 
requirements for the model, a displacement load of 20 mm in the direction of U1 was applied to the 
caudal end of the guidewire, and a rotational load of 6.28 rad was applied with UR1. 

3. Finite Element Simulation Results Analysis 

3.1 Quantitative Characterization of Coronary Guidewire Torsion Control Performance 

The ratio of the angle of rotation of the tail end to the head end is used as a measure of the torsional 
control performance of the guidewire. This defines the torsion angle transfer coefficient k with the 
following relationship (1). 
 

𝑘 =
ఈభ

ఈబ
                                    (1) 
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Where α1 and α0 are the rotation angles of the tail end and the head end of the guidewire in the same 
torsion cycle (α1=360°), the size of the k-value reflects the advantages and disadvantages of the 
guidewire torsion control performance. k-value is larger, the worse the performance of torsion control, 
and the k-value is smaller and closer to 1, the better the performance of torsion control. 

3.2 Influence of Coronary Guidewire Core Parameters on Torsion Control Performance 

The influence of the diameter of the shaping segment on the twist control performance of the 
guidewire was analyzed by using the finite element model with the diameter of the shaping segment 
as a variable and other parameters unchanged. The figure 3 shows the relationship between the 
rotation angle of the tail end of the guidewire and the rotation angle of the head end of the guidewire 
when the diameter of the guidewire shaping section is 0.04mm, 0.06mm, 0.08mm, 0.1mm, 0.12mm, 
respectively. When the diameter of the shaping section is 0.04mm, the rotation angle of the head end 
of the guidewire is first reverse deflected and then isotropically deflected, but its late head end twist 
angle grows slowly, and its torsion control performance is poor, when the diameter of the shaping 
section is 0.06 ~ 0.10mm, the head end rotation angle appears to swing back and forth in the early 
stage, and when the diameter of the shaping section is 0.12mm, the intermediate rotation angle 
appears to be rebound phenomenon, but the late stage of the larger distortion occurs, and the head 
end rotation angle gradually increases. 

 

 
Figure 3. Relationship between the rotation angle of the tail end of the guidewire and the rotation 

angle of the head end 

 

The relationship between the diameter of the shaped segment and the torsion angle transfer coefficient 
is shown in Figure 4. As the diameter of the shaping segment gradually increases, the torsion angle 
transfer coefficient gradually decreases, and the simulation shows that the torsion control 
performance of the coronary guidewire increases with the increase of the diameter of the shaping 
segment. However, there is a certain range of the size of the diameter of the shaped segment, and 
when the diameter of the shaped segment increases to a certain extent, the flexibility of the guidewire 
cannot be guaranteed. 
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Figure 4. Relationship between shaped segment diameter and torsion angle transfer coefficient 

3.3 Effect of Different Core Shaping Segment Lengths on Torsional Control Properties 

The finite element model was used to analyze the effect of the length of the shaping segment on the 
twist control performance of the guidewire with the length of the shaping segment as a variable and 
other parameters unchanged. The figure 5 shows the relationship between the rotation angle of the 
tail end of the guidewire and the rotation angle of the head end of the guidewire when the length of 
the guidewire shaping section is 10mm, 15mm, 20mm, 25mm, and 30mm, respectively. When the 
length of the shaping section is 10mm, the rotation angle of the head end of the guidewire has been 
swinging back and forth gradually rising, the torsion angle transfer efficiency is low, and its torsion 
control performance is poor, the length of the shaping section is 15mm, the rotation angle of the head 
end is increasing steadily, and the late rapid increase in the shaping section is 20mm, the rotation 
angle of the first swinging back and forth, the middle of the rotation angle appears to be a phenomenon 
of rebound and gradually increasing, the length of the shaping section is 25mm, the rotation angle of 
the head end first increases gradually to the growth of the head end. When the length of the shaping 
section is 25mm, the rotation angle of the head end first increases gradually and then grows steadily 
and then grows rapidly, and its torsion control performance is better. When the length of the shaped 
section is 30mm, the rotation angle of the head first gradually increases and tends to be flat, and then 
gradually decreases and rebound phenomenon occurs in the later stage. 

 

 
Figure 5. Relationship between the rotation angle of the tail end of the guidewire and the rotation 

angle of the head end 
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The relationship between the length of the shaped segment and the torsional angle transfer coefficient 
is shown in Fig. 6. As can be seen from Figure 6, the torsion angle transfer coefficient does not show 
a monotonic trend, as the diameter of the shaped segment gradually increases from 10 mm to 25 mm, 
the torsion angle transfer coefficient gradually decreases, and then between 25 mm and 30 mm, the 
torsion angle transfer coefficient begins to increase, and this simulation shows that the coronary 
conductor has the best performance of torsion control at a shaped segment length of 25 mm. 

 

 
Figure 6. Relationship between the length of the shaping section and the torsional angle transfer 

coefficient 

3.4 Effect of Different Core Transition Lengths on Torsional Control Performance 

 
Figure 7. Relationship between the rotation angle of the tail end of the guidewire and the rotation 

angle of the head end 

 

Taking the length of the transition section as a variable and other parameters unchanged, the finite 
element model was used to analyze the effect of the length of the transition section on the twist control 
performance of the guidewire. The figure 7 shows the relationship between the rotation angle of the 
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tail end and the head end of the guidewire when the length of the guidewire shaping section is 50mm, 
55mm, 60mm, 65mm and 70mm respectively. Transition section length of 50mm, the guidewire head 
end rotation angle gradually and slowly increases and tends to flatten, the transition section length of 
55mm, the head end rotation angle grows faster than the transition section of 50mm, the transition 
section length of 60mm, the rotation angle of the pre-swing back and forth, the middle of the rotation 
angle of the rebound phenomenon and gradually increase, the transition section length of 65mm, the 
head end rotation angle increased smoothly, the transition section length of 70mm, the head end 
rotation angle of the transition section length of 70mm, the head end rotation angle of the transition 
section length of 70mm, the head end rotation angle of the transition section length of 70mm. When 
the length of the transition section is 70mm, the head-end rotation angle increases and then decreases. 

The relationship between the length of the transition section and the torsional angle transfer 
coefficient is shown in Figure 8. As can be seen in Figure 8, the torsional angle transfer coefficient 
does not show a monotonic trend, as the transition segment diameter gradually increases from 50 mm 
to 60 mm, the torsional angle transfer coefficient gradually decreases, and then the torsional angle 
transfer coefficient begins to increase between 60 mm and 70 mm, and this simulation shows the best 
torsional control performance of the coronary conductor in the shaping segment length of 60 mm. 

 

 
Figure 8. Transition section length vs. torsional angle transfer coefficient 

3.5 Effect of Different Core Support Section Diameters on Torsional Control Performance 

With the diameter of the support section as a variable and other parameters unchanged, the finite 
element model was used to analyze the effect of the diameter of the support section on the twist 
control performance of the guidewire. The figure 9 shows the relationship between the rotation angle 
of the tail end of the guidewire and the rotation angle of the head end of the guidewire when the 
diameter of the support section is 0.16mm, 0.20mm, 0.24mm, 0.28mm, 0.32mm respectively. When 
the diameter of the support section is 0.16mm, the rotation angle of the head end of the guidewire 
first grows slightly and then decreases and gradually rises slowly, and when the diameter of the 
support section is 0.20-0.28mm, the rotation angle of the head end keeps swinging back and forth and 
gradually grows rapidly, but the fastest growth rate is found when the diameter of the support section 
is 0.24mm, and the torsional performance is the best. 
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Figure 9. Relationship between the rotation angle of the tail end of the guidewire and the rotation 

angle of the head end 

 

The relationship between the diameter of the support section and the torsional angle transfer 
coefficient is shown in Figure 10. From Fig. 10 it can be seen that the torsional angle transfer 
coefficient decreases gradually when the diameter of the support segment increases from 0.16 mm to 
0.28 mm, and increases gradually between 0.28 mm and 0.32 mm, and the simulation shows that the 
coronary conduit has the best torsional control performance when the diameter of the support segment 
is 0.28 mm. 

 

 
Figure 10. Relationship between shaped segment diameter and torsion angle transfer coefficient 

4. Orthogonal Experimental Design 

4.1 Levels of Selected Factors 

In order to further optimize the guidewire core parameters, the main factors affecting the torsion 
control performance of the guidewire were selected for the orthogonal experimental design: A length 
of the shaping section; B length of the shaping section; C length of the transition section; and D 
diameter of the support section, and each factor was set to four levels, and the simulation analysis 
was carried out by using the L16(45) orthogonal table, and the results are shown in Table 3. 
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Table 3. Orthogonal experiment simulation scheme and results 

Number A/(mm) B/(mm) C/(mm) D/(mm) k 

1 0.06 15 50 0.16 3.63  

2 0.06 20 55 0.20 3.48  

3 0.06 25 60 0.24 2.35  

4 0.06 30 65 0.28 1.66  

5 0.08 15 55 0.24 2.30  

6 0.08 20 50 0.28 1.53  

7 0.08 25 65 0.16 4.07  

8 0.08 30 60 0.20 2.98  

9 0.1 15 60 0.28 1.26  

10 0.1 20 65 0.24 2.33  

11 0.1 25 50 0.20 2.12  

12 0.1 30 55 0.16 2.22  

13 0.12 15 65 0.20 2.19  

14 0.12 20 60 0.16 2.43  

15 0.12 25 55 0.28 1.24  

16 0.12 30 50 0.24 1.65  

4.2 Range Analysis 

Table 4. Analysis of extreme difference results of orthogonal test 

Parameter A B C D 

k1 2.778 2.320 2.232 2.936 

k2 2.722 2.641 2.160 2.692 

k3 2.005 2.445 2.230 2.357 

k4 1.879 1.978 2.762 1.399 

R 0.899 0.662 0.602 1.536 

Impact ranking 2 3 4 1 

 

According to Minitab, the results of the polar analysis of this orthogonal test were obtained, as shown 
in the table 4. The significance of the influence of the factors D (diameter of the support section) > A 
(diameter of the shaping section) > B (length of the shaping section) > C (length of the transition 
section), the optimal parameter combination is A4B4C2D4. The optimal parameter combination is 
when the diameter of the shaping section is 0.14mm, the length of the shaping section is taken as 
30mm, the length of the transition section is taken as 55mm, and the length of the support section is 
taken as 0.28mm. 

4.3 Simulation Analysis of Optimization Scheme 

The simulation analysis of the torsional control performance of the guidewire was carried out again 
using the optimal core parameters, and the torsional transfer coefficient k obtained was 1.12. This 
result, compared with the simulation results of the rest of the orthogonal tests, yielded the smallest 
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torsional transfer coefficient k, which proves the validity of the orthogonal tests and is of great 
significance as a guideline for the torsional control performance of the guidewire. 

5. Conclusion 

The torsion control performance of the coronary guidewire was simulated by abaqus, and the effects 
of different core structure parameters on the torsion control performance were analyzed. The main 
conclusions are as follows:  

(1) The core parameters of the coronary guidewire were analyzed by a single factor analysis, and a 
range of better structural parameters suitable for the torsion control performance of the guidewire was 
determined. 

(2) Based on one-factor analysis, the effects of different simulation parameters on the torsional 
transfer coefficient k were investigated by orthogonal test, and the results were analyzed by polar 
analysis, and the optimal core for the torsional control performance of the guidewire were obtained: 
the diameter of the molding section was 0.12mm, the length of the molding section was 30mm, the 
length of the transition section was 55mm, and the length of the support section was 0.28mm.  
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