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ABSTRACT

Aiming at deficiencies in non-degradable stents for benign common bile duct

obstruction, the magnesium (Mg)-based braided stents were developed with

one monofilament as a pilot research in this paper. We designed stents with the

different monofilament diameter, braided-pin number and surface treatment

systematically to study the mechanical and degradation behaviors. The results

suggest the fluorinated Mg stents and them with polycaprolactone (PCL) coat-

ing can achieve the compression force of 3.35–11.07 N and 11.09–24.08 N, and

even maintain 3.10–10.43 N for 3 days immersion and 3.11–9.37 N for 20 days

immersion respectively. PCL coating on monofilament can provide significantly

better compression force and corrosion resistance. By comparison with the stent

in clinic, these Mg stents are expected to meet the demand of the radial com-

pression force and implantation time. Furthermore, the degradation occurs at

the ends preferentially for all stents, but for stents without PCL coating, the

intersections of wire-mesh are also the area easily corroded. Additionally, the

result of the compression test indicates the radial compression force is improved

with the increase of monofilament diameter and pins number, but the recovery

capability decreases slightly.
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GRAPHIC ABSTRACT

Abbreviations

CBD Common bile duct

FDA Food and Drug Administration

PCL Polycaprolactone

Fc Radial compression force

Erecovery Elastic recovery ratio

Introduction

Common bile duct (CBD) obstruction is a common

disease occurring in hepatobiliary surgery, causing

the thorniest issue for patients and surgeons.

Implanting T tube drainage made of silicone rubber

has widely been used to support CBD after removing

the CBD stone, but it still has many complications

during treatment [1, 2]. With the development of

interventional therapy and materials science, various

biliary stents are prepared for biliary stricture to

prevent stenosis and support the reconstruction.

Common materials including nitinol alloy, stainless

steel and plastic, are used for biliary stents to guar-

antee enough supporting force with good bending

and compliance properties [3–5]. These stents have

good clinical efficacy but needed to be reserved in the

body or removed by secondary operation [3].

Recently, as the application of biodegradable mate-

rials in vascular stents and orthopedic implantation,

biodegradable biliary stents have emerged in bile

duct therapy. Almeida et al. [6] investigated the

reported data and found biodegradable versus mul-

tiple plastic stent implantation in benign biliary

strictures reported lower complication rates, except

for cholangitis and haemobilia.

To date, studies on biodegradable biliary stent

mainly focused on polymer materials such as poly-

lactic acid (PLA) [7, 8], poly(lactic-co-glycolic acid)

(PLGA) [1], polydioxanone (PDO) [9], authorized by

the FDA for clinical use. Gregory et al. [7] firstly

evaluated the feasibility of PLA biliary stent in a

porcine model, and the result showed the stent could

remain patent up to 6 months, but the occlusion and

migration remain concerns. Other disadvantages

including long degradation time and insufficient

strength also limit their application. Magnesium (Mg)

is one of the most common metals in nature and also

a constant element in the human body. In the past

decades, Mg and its alloys have attracted continu-

ously rising attention as biodegradable materials due

to their good mechanical properties and biocompat-

ibility [10]. The research of Mg alloys coronary stents

has been the most popular field in medicine. The Mg

coronary stents named Magmaris based on DREAMS

2 G from Biotronik Inc. obtained CE approval in June

2016 [11]. Different from vascular stents usually

prepared by laser engraving, the braided technique

has been applied for self-expandable metallic stents

clinically during the development process of the non-

vascular stent. It is still the most suitable technique,
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owing to the produced structures exhibiting good

mechanical strength, high shape recovery and flexi-

bility [12]. Nevertheless, due to the limitation of high-

performance Mg wire preparation, there have been

no papers studied biodegradable Mg biliary stent

fabricated by Mg monofilament. The feasibility of Mg

alloys in the bile duct has been reported by several

exploratory studies in recent years. Chen et al. [13]

implanted Mg–6Zn alloy tubes in rabbits and mice

for 7 days, and found the tube did not induce sig-

nificant apoptosis. Moreover, their further research

demonstrated these tubes were obviously degraded

after 1 week and remained only 9% after 3 weeks of

implantation [14]. Liu et al. [11] also evaluated the

response of AZ31 alloy tube as biliary stents in rab-

bits for 6 months, and the result from hyphology and

whole blood analysis confirmed the biosafety. These

findings displayed the prospect of application of Mg

alloys in biliary implantation, but they all used Mg

tubes which is far from the actual stent, especially

resulting in the incapable study on the changes of

mechanical properties of braided Mg biliary stent

during degradation which is an important data for

evaluating service performance.

Recently, Mg–Zn–Ca series alloys have attracted

extensive attention as biodegradable materials [15].

Both Zn and Ca are essential elements in the human

body and are biocompatible within certain limits [16].

These alloying elements are also effective grain

refiners for magnesium and expected to improve the

strength and ductility [17, 18]. Therefore, ZX20 alloy

monofilament was used in this paper. A series of

biodegradable Mg biliary stents with the rhombic

mesh structure were fabricated with different

monofilament diameter, braid-pin number and sur-

face treatment. The effect of the structure of Mg stents

on the supporting capacity was evaluated by the

compression test. On the other hand, the high

degradation rate of Mg alloys in vivo and in vitro is

the main reason hindering their application in the

medical field. For biodegradable materials, the

mechanical properties of implants will be changed

during the degradation process, which eventually

influences the treatment effect. Therefore, the degra-

dation behavior and the changes of the compression

force in the process of degradation of various stents

were also investigated.

Materials and methods

Materials

ZX20 (wt%: Zn 2.281; Ca 0.311; Al 0.032; Si 0.0319; Mn

0.0255; Ni 0.0026; Fe 0.0021; Cu 0.005; Mg remaining)

wires (Fig. 1a), developed by our research group

[19–21] and produced by Suzhou Jingjun New

Materials Technology Co., Ltd. China, with a diam-

eter of 0.22 mm and 0.30 mm were used in this study.

Their representative tensile engineering stress–strain

curves depicted in Fig. 1b with the mechanical

property bar graph inserted. Among Mg alloys, both

wires show very good ultimate strength and elon-

gation with about 290 MPa and 16% for 0.22 mm

wire and 300 MPa and 22% for 0.30 mm wire.

To improve the corrosion resistance of Mg stents,

the fluoride treatment and polymer coating are also

used on the surface of wires. The number average

molecular weight of medical grade polycaprolactone

(PCL) was 8.0 9 104 g mol-1. The hydrofluoric acid

solution (40%) for fluorinated treatment, dichlor-

omethane for dissolving PCL, and other chemicals

such as cholesterol, sodium taurocholate from bovine

bile, soybean lecithin were purchased from Sino-

pharm Chemical Reagent Co., Ltd. China.

Methods

Preparation methods

In this study, we fabricated two types of biodegrad-

able Mg biliary stent through fluorinated treatment

and fluorinated treatment then coated with PCL film

for better protection of the Mg substrate. The prepa-

ration process of various braided Mg stents is illus-

trated in Fig. 2. The untreated stent was firstly

knitted with ZX20 monofilament using a self-made

cylinder of iron rod mold with a diameter of 8 mm,

effective working lengths of 40 mm. The schematic

diagram of structure was shown in Fig. 2a. After

finishing the braiding process, the stent was washed

in acetone by ultrasonic cleaner for 3–5 min and

rinsed with deionized water for 1 min. Afterwards, it

was immersed in an alkaline solution containing

NaOH of 18 g L-1, Na2CO3 of 46 g L-1 and Na3PO4

of 28 g L-1 for 2 min at 80 �C. Immediately after the

preprocessing procedure, the stent was immersed

into hydrofluoric acid solution (40%) at room tem-

perature for 48 h, and rinsed with deionized water,
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ethanol and dried in drying oven at 37 �C for 30 min

(Fig. 2b). For the stent with duplex coating, PCL was

weighed and dissolved in dichloromethane to obtain

5% (w/v) solution, the fluorinated treated stent was

dipped into the prepared solution for 2 min and then

withdrawn with a speed of 2 cm s-1 (Fig. 2c). After

dip coating and drying in air, the sample was

sprayed with 3% (w/v) PCL solution by pneumatic

paint gun for 5–10 s under the pressure of 800 kPa. It

is ensured that the thickness of PCL layer did not

exceed 30 lm. Specifications of each Mg biliary stents

were shown in Table 1.

Cover factor defined as the percentage of mandrel

surface covered by monofilaments is a good indicator

of braided structure uniformity, it was calculated as

follows.

Cover factor ¼ 1� 1� WN

4pR cos a

� �
ð1Þ

Figure 1 a The photograph of

ZX20 wires, and b stress–

strain curves of ZX20 wires

with a diameter of 0.22 mm

and 0.30 mm.

Figure 2 Illustration the preparation process of braided Mg biliary

stents, a the braiding process of the bare stent with a rhombus

structure, b the method of fluorinated treatment and the EDS

analysis on the surface, c the preparation of PCL coating on the

fluorinated stent and the morphology of wire-mesh intersection

and its surface.
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where W is the monofilament width (mm), N is the

number of bobbins which is the double number of

pins, R is the mandrel radius (mm), a is the braiding

angle (rad).

Immersion test

In human bile, water constitutes approximately 85%

of the volume of bile [22]. The major organic solutes

in bile are bilirubin, bile salt, lecithin, and cholesterol,

and the quaternary system of bile salt (or sodium

taurocholate) -lecithin–cholesterol–water has long

been used to study the in vitro formation of choles-

terol gallstones [23]. In addition, inorganic ions such

as Cl-, Na? also participate to maintain osmotic

pressure balance. Therefore, the simulated bile was

prepared based on the Small’s model system to be

used for the immersion test to evaluate the changes of

the compression force during degradation [24]. The

simulated bile consisted of 30.47 mM sodium tauro-

cholate, 16.62 mM lecithin and 2.77 mM cholesterol

in 154 mM NaCl solution containing 50 mM

Tris(hydroxymethyl)aminomethane. The pH of the

solution was adjusted to 7.65. All immersion con-

tainers were kept at 37.5 ± 0.5 �C in the water bath.

The ratio of the solution volume to the specimen area

was 20 mL cm-2 according to ASTM G31-72 stan-

dard. Immersion solution was refreshed every

10 days. Samples were removed from the solution at

a certain time, gently rinsed with distilled water and

dried in air for observation. The corrosion products

were removed with boiling chromic acid solution

containing 10% CrO3.

Measurement of radial compression

The radial parallel plate compression test was com-

monly conducted to evaluate the compression char-

acteristics of stents, and it was also adopted in this

study on biliary stents at different degradation time

by a CMT4503 electronic universal testing machine.

The illustration of radial compression test for stents

was shown in Fig. S1 of the Supplementary. Speci-

mens were pressed to deformation within 50% of the

initial internal diameter of the biliary stent with the

top platen loaded speed of 20 mm min-1 at room

temperature. When the displacement of load platen

reached 50% of the initial biliary stent diameter, the

top compression platen was stopped, and the force

value at the moment was defined as the radial com-

pression force (Fc). After staying for 5 s, the com-

pression platen was back to the original position with

a speed of 20 mm min-1. In the process of testing, the

compression initial height was defined as the position

when compression platen just contacted the biliary

stent, and the stent was placed at the center of the

bottom plate. The elastic recovery (Erecovery) facility of

stent was evaluated by measuring the change rate of

internal diameter according to the following

equations.

Erecovery ¼
D2 �D1

D0 �D1
ð2Þ

where D0 was the initial internal diameter of the stent

before compression test, D1 was the internal diameter

of stent compressed to stop, D2 was the internal

diameter recovered after compression.

Morphology characterization

The macroscopic morphology of stents was observed

by ZOOM 645S camera stereoscopic microscopy.

Details of stents were examined by Sirion200 Field

Emission Scanning Electron Microscope (FE-SEM,

FEI, USA). The chemical composition in the micro

area was detected by Aztec x-Max 80 energy disper-

sive spectroscopy (EDS, Oxford, UK).

Table 1 Specifications of

braided Mg biliary stents Surface treatment Samples code Diameter of wire (mm) Braiding number (pins)

Fluorination F2-6 0.22 6

F2-8 0.22 8

F3-6 0.30 6

Fluorination ? PCL coating FP2-6 0.22 6

FP2-8 0.22 8

FP3-6 0.30 6
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Statistical analysis

Experimental data were presented as mean ± stan-

dard deviation of three measurements. Statistical

analysis was performed with SPSS 17.0 software

(SPSS Inc., Chicago, USA). One-way analysis of

variance (ANOVA) followed by the least significance

difference (LSD) post-hoc test was used to statistical

analysis among groups. A p value\ 0.05 was con-

sidered a statistically significant difference.

Results

Characterization of stents

Braided Mg biliary stents fabricated with 8 pins and

monofilament diameter of 0.22 mm after removing

the iron rod model is shown in Fig. 2a. The original

tubular structure is maintained stably without col-

lapsing and constriction, and the local deformation of

Mg wire is seen at intersecting positions. Figure 2b

depicts characters of the stent after fluorinated

treatment, and its surface after fluorinated treatment

is smooth and contains much fluorine element, indi-

cating the formation of the conversion coating. By

comparison to the area of the wire-mesh intersection,

there is a significant aggregation of PCL after dip

coating and spraying with a PCL solution. Despite

the presence of small and thin polymer net due to the

solution rapidly cooling after injection, the mechani-

cal properties of the stent are not enough to be

affected by them. Like previous studies, a porous

PCL film is also prepared on the surface (Fig. 2c).

Compression performance of stents

Figure 3a shows the cover factor of stents with dif-

ferent structures, in comparison to pins number, the

monofilament diameter has a stronger influence on it.

The compression curves of stents were plotted as

depicted in Fig. 3b. It is apparent that an obvious

compression platform of fluorinated stents exists

when the compression ratio of D0 is about 30%,

indicating the stents have reached their supporting

limitations, whereas no platforms are observed on

stents coated by PCL. The stents coated with PCL

have higher compression force than that of their

corresponding fluorinated stents. Furthermore, the

radial compression force and recovery radio of stents

diameter obtained from the compression curve are

summarized in Fig. 3c, d. In terms of stents without

PCL coating, Fc of the stent with 6 pins and wire

diameter of 0.22 mm is about 3.35 N. As the pin

number increase to 8, Fc increases slightly to about

6.88 N. Simultaneously, increasing the diameter of

wire has a similar trend and Fc of F3-6 is about 3.3

times that of the F2-6, which is more significant and

effective. However, as the Fc increases, the decrease

of Erecovery is also observed in Fig. 3d. The reduction

of the recovery rate by increasing the diameter of the

wire is more obvious than that by the increasing of

pins number. Besides, a similar phenomenon is

observed on the coated stents.

Degradation behaviors

Hydrogen evolution tests

To further evaluate the corrosion resistance of sam-

ples for a long term, evolved hydrogen volumes were

measured as a function of immersion time until

7 days and 20 days for stents without and with PCL

coating respectively, as depicted in Fig. 4. At the

initial stage of immersion, a small amount of bubbles

is collected from the surface of fluorinated Mg stents

and no bubbles are observed on the surface of the

sample with PCL coating, suggesting there is an

effective corrosion protection of both two surface

treatment methods. Nevertheless, the hydrogen vol-

ume of fluorinated samples begins to increase rapidly

at an immersion of 4 days. As a comparison, the

hydrogen volume of stents with PCL coating begins

to slightly rise after 6 days of immersion and finally

becomes rapidly higher after 13–15 days of

immersion.

Degradation morphologies

The obtained macroscopic feature of fluorinated Mg

stents with and without PCL coating after immersion

in simulated bile is shown in Fig. 5. For the fluori-

nated stent, the overall structure of Mg stents remains

almost intact after 3 days’ immersion while they are

seriously corroded after immersion for 6 days. The

structure of the F3-6 stent is even disintegrated as a

binding force between wires disappearing. In the case

of stents with PCL coating, the skeleton of the stents

is not broken after 8 days’ immersion. As the soaking

time increases, it is can be seen that some areas have
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been damaged. In addition, Fig. 6 depicts the SEM

images of representative corroded position. As

shown in Fig. 6a, d, there are obvious cracking sites

subjected to the stress corrosion. As the braid-pin

number and diameter of wire increase, the broken

positions begin to be distributed randomly due to

more stress in the supporting structure of stents.

Typical morphologies of corrosion fracture under

stresses on both sides are seen in Fig. 6b, c, e. Besides,

the obvious corrosion at the wire-mesh intersection is

also observed in Fig. 6f, which might be due to

inadequate fluorination at the contact area. For the

stent with PCL coating, little small corrosion pits are

observed after 8 days, indicating the solution has

penetrated the PCL coating and begins to corrode

fluorinated conversion film. Furthermore, dense cor-

rosion pits are observed after 15 days as shown in

Fig. S2 of Supplementary files, suggesting the

expansion of corrosion pits and the increase of

damage positions. And then, the corrosion becomes

more severe with increasing immersion time espe-

cially on the latter days of immersion, in accordance

with the results of the hydrogen evolution experi-

ment. There are many significant breakages of stents

and more obvious damages at both ends.

Evolution of the compression performance

Figure 7 shows the Fc and Erecovery changes of these

Mg stents versus immersion time. It can be found that

Fc of all fluorinated Mg stents decreases only a little

even after 3 days’ immersion because the main

structure of stents remains intact (Fig. 7a). For the

Figure 3 a The cover factor

and b representative

compression curves of various

Mg stents, c data statistics with

compression force at 50% of

D0 and d the diameter

recovery ratio after

compression test (*p\ 0.05;

**p\ 0.01).

Figure 4 The dependence of hydrogen evolution on immersion

time in simulated bile at 37 �C for different experimental samples.
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braid-pin number of 6, Erecovery remains basically the

same as that of primary samples, but the Erecovery of

FP2-8 decreases significantly and is about 59.55%

(Fig. 7b). These changes may be attributed to the

broken position at intersections of wire-mesh and the

fracture of a localized corrosion pit under compres-

sion stress. On the other hand, for the stent with PCL

coating, it is obvious that the Fc decreases gradually

versus immersion time as shown in Fig. 7c. The rapid

decrease occurs after 15 days’ immersion, which is

consistent with changes in hydrogen evolution tests.

Discussion

Advantages of braided Mg stents for biliary
reconstruction

Different biliary stents associated with the alteration

of materials and structures have been reported in the

literature for obtaining optimal stent design [25]. The

radial compression force is of importance for main-

taining the structure of the biliary tract. Figure 8

shows the radial compression force in unit length of

the several braided fibrous stents including nitinol

and diverse polymers stents [12, 26, 27]. It is noted

that the compression force of commercial MTN-DA

biliary stent (produced by Micro-Tech Co., Ltd.

China) fully coved with PCL is about 0.14 N mm-1,

and that of nitinol stents braided by machine with a

diameter of 0.15 is 0.02–0.72 N mm-1. The stents

fabricated with polyamide and polyester demon-

strate good compression properties, but they are hard

to degrade in the body. Additionally, PDO is another

biodegradable material with promising applications

in recent years. The stents braided with PDO

monofilament then fully covered with PCL also have

enough radial compression force, but overmuch PCL

takes too long to degrade completely. The strength of

Mg alloys has long been controversial especially in

the process of degradation. However, comparing to

these reported studies, it could be noticed that the

studied Mg stent has a relatively high compression

force though the diameter of wire is smaller than

polymers, which is beneficial to the endothelializa-

tion of the stent to improve the success rate of

Figure 5 The photographs of

a experimental fluorinated Mg

stents after 3 and 6 days’

immersion, and b fluorinated

Mg stents with PCL coating

after 8 and 20 days’

immersion.
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implantation [28]. Moreover, the fluorinated Mg

stents and them with PCL coating can maintain

0.08–0.26 N mm-1 for 3 days immersion and

0.08–0.23 N mm-1 for 20 days immersion respec-

tively. On the other hand, for the benign CBD con-

struction, an ideal biliary stent should disappear

automatically after healing. Previous studies of

biodegradable Mg alloys have reported they did not

perform well because of their rapid degradation,

especially in the position with mechanical action and

fluid environment for long time healing [10]. Never-

theless, in the field of bile duct surgery, the support

time required after CBD surgery is approximately 7

to 10 days, and the non-degradable stent generally

needed removed 1 week later [14]. Moreover, the

complicated CBD circumstances may contribute to a

lower degradation rate in the body [29]. The surface

of the stent is often covered with sediment and bile

duct endothelial cells, acting as a barrier to retard

further corrosion [30]. Therefore, these Mg stents are

Figure 6 The representative morphologies of fluorinated Mg

stents immersed for 3 days after removal of corrosion products,

low magnification: a F2-6, b F2-8, c F3-6; high magnification:

d F2-6, e F2-8, f F3-6, and morphologies of wires from fluorinated

stents with PCL coating immersed for 8 days: g FP2-6, h FP2-8,

i FP3-6; and 20 days: j FP2-6, k FP2-8, l FP3-6, after removal of

the PCL and corrosion products.
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expected to meet the radial force and supporting

time.

Influence of diameter, pins number and PCL
coating on compression performance

In general, the properties of braided stents are highly

dependent on structural factors such as the diameter

of monofilament, bobbins number and coating. Based

on the iron mold we designed, the stent with 8 pins

provides a total of 128 wire-mesh intersections, which

is more than 72 intersections of 6 pins stents. There-

fore, for the same diameter of monofilament, with the

increase of brain-pin number, the structural unit of

the stent becomes smaller, leading the limitations of

mesh deformation and increases the force bearing

points. Similarly, as the same braid-pin number of

stents, the growth of monofilament diameter increa-

ses the resistance of bending and buckling under the

compression. Furthermore, it is noted that the

increase of the wire diameter is more significant and

effective to improve the compression force than the

increase of pins number, which is due to the increase

of diameter not only increases the cover factor but

also increases the thickness of stents. In terms of

stents with PCL coating, the aggregation of PCL at

intersections of wire-mesh as shown in Fig. 2c limits

Figure 7 Fc and Erecovery

changes of several Mg stents

versus immersion time for

stent without PCL coating (a,

b), and for stents with PCL

coating (c, d) (*p\ 0.05;

**p\ 0.01).

Figure 8 The comparison of the radial compression force in unit

length of several braided fibrous stents.
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the relative slip and bending deformation of inter-

lacing points [31]. With the increase of the compres-

sion force, the recovery capacity of all stents

decreases slightly, which is attributed to the plastic

deformation of mesh-wire. Although the stent

diameter could not recover completely back to the

original value, the diameter recovery is more than

80% of initial internal diameter except the FP3-6 stent,

which is comparable with the value obtained with

previously reported polyamide and polypropylene

stents [12].

Degradation behaviors of stents

Based on the evolution of morphologies and com-

pression properties of stents during degradation,

there are somewhat differences from that of wires in

static immersion. Firstly, there is a large deformation

at both ends of the stent because of the winding of

wire in the knitting process, causing an amount of

residual stress. Secondly, the wire between three

interlacing points making up the braided structure is

subjected to a force similar to the three-point bend-

ing, as shown in Fig. 2a. And thirdly, for stents

without PCL coating, the local corrosion at intersec-

tions is not negligible. Yan et al. [32] evaluated the

extruded AZ31B plate with fluorinated treatment in

SBF, and demonstrated that no deposition could be

found on the surface of the sample until to the 7 days.

Therefore, under the influence of the above factors,

fluorinated Mg stents can remain almost complete

structure for 3 days’ immersion, while the radial

compression force has a little decline. As the corro-

sion progressing, the chemical transformation layer is

gradually destroyed and the stent is disintegrated as

the binding force between wires disappearing.

Regarding stents with PCL coating, besides the

structural factors, the role of PCL film hindering the

interaction of the substrate with the solution is also

the main factor for the degradation of stents. Cai et al.

[20] evaluated the effect of surface modification on

interfacial bonding by single wire pull-out experi-

ments and found a higher bonding force leads to

higher bending strength in wires/PLA composites. It

is also reported the bonding force between PCL and

MgF2 is better than that between PCL and Mg sub-

strate [33]. Thus, the degradation of stents with PCL

coating is divided into two stages. First, the aqueous

solution penetrates the PCL coating into the interface

and begins to react with MgF2 coating and substrate,

resulting in the decrease of interface adhesion and

appearance of slight pitting, which is consistence

with the increase of the hydrogen evolution result

and the decline of properties in the first 15 days. And

then, when the generation rate of hydrogen is more

than the volume loss of substrate, the PCL coating

will be broken under the internal stress, causing the

increase of degradation rate [34, 35]. The radial

compression force is obviously decreased from 15 to

20 days.

Overall, we conducted a primary exploration on

Mg biliary stent braided with a monofilament, and

presented the stents with good compression force

and corrosion resistance. These biodegradable Mg

stents might provide better options for healing

benign CBD obstruction, and the corresponding work

would be proceeded in further.

Conclusion

In this study, biodegradable Mg-based stents with

and without PCL coating are successfully prepared

by one magnesium monofilament for benign CBD

obstruction. By comparing the compression force

between other stents reported in literature, these

stents can meet the clinical requirements of radial

compression force, especially during the degradation

process. Additionally, the compression force increa-

ses with the increase of monofilament diameter and

braided-pin number, but the recovery capability

decreased slightly. Based on the evolution of stents

macroscopic morphologies versus immersion time,

the degradation occurred at the ends stents prefer-

entially for all stents, but for stents without PCL

coating, the intersections of wire-mesh were also the

area easily corroded. This work could provide a sci-

entific basis for the fabrication of this kind of Mg

stent to gain appropriate degradation time and

support.
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