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Abstract
The article reviews some significant current trends in implantable textile materials. The complication of stent graft-induced new

entry (SINE) after thoracic endovascular aortic repair (TEVAR) may be caused by the spring-back force of both ends of the stent

grafts. Spring-back force, which is exerted by the curvature and ends of stent grafts on the greater wall of the aorta, suggests poor
flexibility. Research on stent graft flexibility via design optimization has been widely disregarded. Thus, this study investigates the

relationship between stent graft structure and flexibility by measuring bending and spring back forces. Stent spacing, apex angle

and strut configuration were considered for the structural parameters. The overall tendency of spring back and bending forces were
similar. The Z-stented graft obtained a lower force than the M stented graft with the same number of struts per hoop. Consequently,

optimal flexibility was obtained when the structural design was characterized by long stent spacing, big stent apex angle, and Z-type
strut configuration. The study is the first large-scale analysis of new generations of textile endoprostheses. A tendency foraging
consisting mainly of compression and abrasion of the fabric with time associated with abrasion of stitches was demonstrated. These

lesions might lead to surfaces of cumulated small holes, the consequences of which should be more deeply explored, mainly to
explain endotension. Various ageing related phenomena on commercial textile endoprostheses were identified and classified. Main
damaging mechanisms were related to compression and abrasion leading to tears and holes in the fabric and rupture of stitches.
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Introduction
With the advent of effective thoracic stent graft device applica-

tion, thoracic endovascular aortic repair (TEVAR) technology for
thoracic dissection and aneurysm treatment has witnessed fast

development [1]. In comparison with open surgery, short and

midterm clinical trials appear prospective [2]. But, all long-term
results have not been completely fulfilled [3,4]. Hence, more work

is required in order to decrease incidences of long-term complications.

One of the major developments in vascular surgery during re-

cent years is the endovascular therapy for thoracic aortic aneu-

rysms, thoraco abdominal aortic aneurysm and abdominal aortic
aneurysm [5,6]. The practicability of the procedure has been dem-

onstrated and across the world, this technique has now developed

in an increasing number. Though 50% of patients undergo endovascular procedures, the real impact on mortality and morbidity is
still uncertain [7,8].

Chanllenges in evaluation of the flexibility of endovascular
stent grafts
Despite the effectiveness of rigid thoracic stent grafts for de-

scending thoracic aorta, they are not entirely compatible with the

anatomy of the aortic arch [9]. The morphological complexity of
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aorta arch can result in incompatibility between thoracic aorta

from bending to straightening (i.e., spring-back force in this study)

[10]. Further, it is necessary that the short angulated necks of ab-

required to keep the stent at the bending angle of 20° at 20mm from

and stent grafts, and therefore, pose great problems of bird beakleading to possible occurrence of endoleak and stent graft collapse
dominal aortic aneurysms have agreat degree stent graft flexibility,

stent graft displacement, and kinking can cause limb occlusions

[11-13]. Hence, stent grafts need to have flexibility and should be
compatible with the host artery [14-18].

Stent graft-induced new entry (SINE) is a new tear formed by

the rigid stent graft itself when ends spring back to the preliminary

form after they are passively bent along the aorta arch [19,20].
It can either be proximal or distal. Dong et al. [19] posited that

spring-back force could potentially cause SINE, especially in the

proximal end. Proximal SINE was noticed when the oversizing rate

was only 3%, and this could decline radial force to the maximum
extent. Hence, radial force was disassociated with proximal SINE
and instead was considered as the main factor of distal SINE. In

is much more meaningful than the force to bend it (i.e., bending

force) [26]. Spring-back force was measured by recording the force
the bending point. However, as load cell foot was not placed vertical

to the sample, the force tested was not the real spring-back force.
Isayama et al. and Zouet al. used a similar method in the vertical

orientation to test the spring-back force of stents and stent grafts

[27,28]. However, only the forces under limited curving angles were
tested.

Qualitative and quantitative in vitro experimental studies were

also conducted. Singh and Wang related the bending behavior of
segmented and plain knit stents by bent configuration observation

immediately and bending moment with the free-bending end of the

stents at 90° from the stent axis [12]. Percentage change in the di-

ameter at 90°, which correspond to the flexibility of weft-knitted
and braided stents was measured by Freitas et al [25]. It was sug-

general, spring-back force is the force exerted by stent grafts acting

gested by Hirdes et al that measuring the force exerted by the stent

measure is used to measure the flexibility of stent graft. Various

force) [26]. Spring-back force was measured by recording the force

on the greater curve when placed in a tortuous arterial anatomy,
such as aorta arch and popliteal artery. Till now, no single term
assessment indexes, like percentage change in diameter, bending
force, and spring-back force have been discussed [21,22]. Bending

force is the force to bend a stent graft, whereas spring-back force is
the force to recover a straight stent graft after bending. Finite ele-

ment analysis (FEA) or in vitro experimental studies can be used
for flexibility evaluation [23].

Flexibility of some seven commercial aortic grafts and luminal

reduction rate was assessed using FEA by Demanget et al [13].

from bending to straightening (i.e., spring-back force in this study)
is much more meaningful than the force to bend it (i.e., bending

required to keep the stent at the bending angle of 20° at 20mm
from the bending point. However, as load cell foot was not placed

vertical to the sample, the force tested was not the real spring-

back force. Isayama et al. and Zou et al. used a similar method in

the vertical orientation to test the spring-back force of stents and
stent grafts [27,28]. However, only the forces under limited curving
angles were tested.

However, evaluating flexibility as a design parameter of stent

Most of the FEA studies have focused on stents alone and limit-

grafts was not discussed in detail. It is found that the structures of

graft, which is a combination of a rigid stent and a soft textile tu-

flexible stent grafts [32]. Hence, a feasibility study on the relation-

ed number of studies were conducted on the mechanics of stent

grafts.The reasons may be attributed to the complexity of the stent

bular graft [24]. Too many assumptions were proffered to simplify
numerical work during the study, but they tend to decrease the result accuracy.

Qualitative and quantitative in vitro experimental studies were

also conducted. Singh and Wang related the bending behavior of
segmented and plain knit stents by bent configuration observation

immediately and bending moment with the free-bending end of the

stents at 90° from the stent axis [12]. Percentage change in the di-

ameter at 90°, which correspond to the flexibility of weft-knitted
and braided stents was measured by Freitas et al [25]. It was sug-

gested by Hirdes et al that measuring the force exerted by the stent

stent grafts and their effects on flexibility have not yet been tested
via animal trials. Many perplexities are encountered in designing

ship between the structural parameters and flexibility of stent grafts

is necessitated. Findings of the above studies may particularly help
to improve Z-stented devices, which is currently a common design
of several commercial products. In another study, bending force

and spring-backforce were tested by employing a newly designed
device under a continuous curving angle. The force tester foot was
placed vertical to the surface of the sample. The two forces (bendingand spring-back) served as indicators of stent graft flexibility.
Both forces were estimated and compared using stent grafts with

different structural characteristics. As a result, the optimal design
factor that may affect the flexibility of stent grafts was established.
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Proximal SINE as a form of TEVAR complication has engrossed

radation and mainly corrosion, was a factor of long-term stability of

were used to characterise the flexibility of endovascular stent

textile properties, such as saturation index, may contribute to the

a wide attention. SINE formation can be attributed to stent graft

inflexibility. In this study, bending force and spring-back force
grafts. The relationship between structural design factors and flex-

ibility was also established. New generation stent grafts can be
designed based on the above results. According to findings, long
stent spacing, large apex angle, and Z-stented strut configuration
are potential structural designs of stent grafts. The results can help

engineers to design and improve stent graft structures and guide

clinicians on the best types of stent grafts. The best stent grafts
are those with excellent comprehensive performance, particularly,
high levels of flexibility.

3 New generation endoprosthesis
The objective of the method has been to prevent the risk of rup-

ture by excluding the aneurysmal wall from the systemic arterial

pressure. The preliminary study of endovascular aneurysm repair

has shown that incomplete seal of the aneurysm is to be taken as a
failure of the method,as, in particular cases, it can result in further

expansion of the aneurysm having rupture risk. “Endoleak” is the

term used to name the this incomplete seal of the aneurysm [33].
The graft-related endoleaks characterized by blood flow into the

the EPs [38]. Finally, it was demonstrated that an optimal choice of

a woven textile was mandatory for the construction of an EP as the
macroscopic lesions observed on the explanted EPs [39].

First-generation EPs have now been replaced by new genera-

tion EPs that overcome early graft-related complications [40,41].

However, to date, there are no records available regarding the aging curve of these new implants. Hence, in another study, the mechanisms of degradation of polyethylene terephthalate (PET) textile

structure in new-generation EPs explanted from humans was identified and classification of these mechanisms was established.

A preliminary classification of EP degradation mechanisms

have been proposed that permits objective assessment of the aging

of textile-covered EPs. Aging phenomena related to compression
and abrasion resulting in tears, holes and rupture of stitches has

been observed [42]. The proposed classification may be modified if
further researches on aging increases along with increasing num-

ber of explanted devices. Further studies must be performed to

better understand factors enhancing delayed textile lesions and EP
degradation. This would help to improve material durability and
long-term stability.

aneurysmal sac from within or around the graft have been differen-

tiated and termed as type I and III, from nongraftrelated endoleaks

Conclusion

which have been termed as type II [34,35]. Type IV, oozing through
the fabric, and type V, call edendotension, were more questionable

compatibility between thoracic aorta and stent grafts. Research on

stent graft flexibility via design optimization has been widely over-

characterized by blood flow coming from patent collateral arteries,
concepts.

Devices having various concepts, types of connection, materi-

als for the stents, and the fabrics, have been developed. But, clini-

cal trials on first generation of endoprostheses (EPs) have proved

unsatisfactory, with a high rate of graft-related failures [36]. These
first observations demonstrated the important role played by the
stability of the device on the outcome of the technique.

In early 1990s, the European Collaborative Retrieval Program

(ECRP) was initiated in order to analyze the degenerative phe-

nomena occurring on explanted aortic EPs. Researches carried
out on the first generation of EPs demonstrated that continuous
movements of a grafted aorta and blood pressure enforce perma-

nent stress on the stent frame and the polyester fabrics resulting in
frame dislocation of body middle rings in first-generation endovas-

cular stent tubegrafts [37]. It was also found that Nitinol stent deg-

Problems like endoleaks and SINE cause stent collapse due to in-

looked. Few studies investigated the relationship between stent

graft structure and flexibility by measuring bending and springback forces. Stent spacing (5, 10, and 15 mm), apex angle (30° and

45°), and strut configuration (Z- and M-stented) were considered
for the structural parameters. optimal flexibility was obtained

when the structural design was characterized by long stent spacing,
big stent apex angle, and Z-type strut configuration. Finite element

analysis (FEA) and in vitro experimental studies were used for flexibility evaluation. First-generation EPs have been replaced by new

generation EPs that overcome early graft-related complications because of continuous trials.

Sixty-four percent of the samples demonstrated at least one de-

fect caused by compression damage potentially related to the inser-

tion of the EP within the delivery system, which promoted holes

and tears. Ninety-five percent of all EPs demonstrated at least one
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type of abrasion on the stitches. The degradation of the stitches
and the number of ruptures increased with duration of implantation. Stent degradation was uncommon and consisted of corrosion

and rupture. Cumulated holed surface area increased with time and

was measured up to 13.5 mm2 [42]. Various aging-related phenomena on commercial textile EPs were identified and classified. Main

damaging mechanisms were related to compression and abrasion
leading to tears and holes in the fabric and rupture of stitches.

Bibliography
1.
2.

3.

4.
5.
6.
7.
8.

9.

P Cao., et al. “Different types of thoracic endografts”. Journal of
Cardiovascular Surgery 50.4 (,2009): 483-492.

D Bockler., et al. “Thoracic endovascular aortic repair of aortic
arch pathologies with the conformable thoracic aortic graft:
early and 2 year results from a European multicentre registry”. European Journal of Vascular and Endovascular Surgery
51.6 (2016): 791-800.

Y Guan., et al. “Compliance study of endovascular stent grafts
incorporated with polyester and polyurethane graft materials
in both stented and unstented zones”. Materials 9.8 (2016):
658.
J Lin., et al. “An in vitro twist fatigue test of fabric stent-grafts
supported by Z-stents vs. ringed stents”. Materials 9.2 (2016):
113.

Volodos’ NL., et al. “A self-fixing synthetic blood vessel endoprostheses”. Vestnik khirurgii imeni 137 (1986): 123e5.

Parodi J., et al. “Transfemoral intraluminal graftimplantation
for abdominal aortic aneurysm”. Annals of Vascular Surgery 5
(1991): 491e9.
Lederle FA., et al. “Outcomes following endovascularvs open
repair of abdominal aortic aneurysm: a randomized trial”.
JAMA 302 (2009): 1535e42.

Becquemin JP., et al. “A randomized controlled trial of endovascular aneurysm repair versus open surgery for abdominal
aorticaneurysms in low- to moderate-risk patients”. Journal of
Vascular Surgery 53 (2003): 1167-1173.

M Malina., et al. “Late aortic arch perforation by graft-anchoring stent: complication of endovascular thoracic aneurysm exclusion”. Journal of Endovascular Surgery 5.3 (1998): 274-277.

86

10. M Boufi., et al. “Morphological analysis of healthy aortic arch”.
European Journal of Vascular and Endovascular Surgery 53.5
(2017): 663-670.

11. TA Chuter. “+e choice of stent-graft for endovascular repair of
abdominal aortic aneurysm”. Journal of Cardiovascular Surgery
44.4 (2003): 519-525.

12. C Singh and X Wang. “A biomechanically optimized knitted
stent using a bio-inspired design approach”. Textile Research
Journal 86.4 (2016): 380-392.
13. N Demanget., et al. “Finite element analysis of the mechanical
performances of 8 marketed aorticstent-grafts”. Journal of Endovascular Therapy 20.4 (2013): 523-535.

14. JM Weidman., et al. “Engineering goals for future thoracic endografts-how can we make them more effective?”. Progress in
Cardiovascular Diseases 56.1 (2013): 92-102.

15. FR Arko., et al. “Increased flexibility of AneuRx stent-graft
reduces need for secondary intervention following endo vascular aneurysm repair”. Journal of Endovascular therapy 8.6
(2001): 583-591.

16. K Lee., et al. “Endo graft conformability and aortoiliac tortuosity in endo vascular abdominal aortic aneurysm repair”. Journal of Endovascular Therapy 21.5 (2014): 728-734.

17. CA Nienaber., et al. “Thoracic aortic stent graft devices: problems, failure modes, and applicability”. Seminars in Vascular
Surgery 20.2 (2007): 81-89.

18. L Canaud., et al. “Impact of stent-graft development on outcome of endovascular repair of acute traumatic transection
of the thoracic aorta”. Journal of Endovascular Therapy 18.4
(2011): 485-490.

19. Z Dong., et al. “Stent graft-induced new entry after endovascular repair for Stanford type B aortic dissection”. Journal of
Vascular Surgery 52.6 (2010): 1450-1457.
20. ZH Dong., et al. “Retrograde type Aaortic dissection after endovascular stent graft placement for treatment of type B dissection”. Circulation 119.5 (2009): 735-741.

Citation: N Gokarneshan and S Kavitha. “A Review of Current Trends in Implantable Textile Materials”. Acta Scientific Medical Sciences 3.6 (2019): 83-87.

A Review of Current Trends in Implantable Textile Materials

21. AHM Bashar., et al. “Mechanical properties of various Z-stent
designs: an endovascular stent-grafting perspective”. Artificial
Organs 27.8 (2003): 714-721.

22. DB Kim., et al. “A comparative reliability and performance
study of different stent designs in terms of mechanical properties: foreshortening, recoil, radial force, and flexibility”. Artificial Organs 37.4 (2013): 368-379.
23. GP Kumar., et al. “Simulated bench testing to evaluate the mechanical performance of new carotid stents”. Artificial Organs
41.3 (2017): 267-272.

24. N Demanget., et al. “Severe bending of two aortic stent-grafts:
an experimental and numerical mechanical analysis”. Annals
of Biomedical Engineering 40.12 (2012): 2674-2686.

25. AFDP Freitas., et al. “Development of weft-knitted and braided
polypropylene stents for arterial implant”. Journal of the Textile Institute 101.12 (2010): 1027-1034.

26. MMC Hirdes., et al. “In vitro evaluation of the radial and axial
force of self-expanding esophageal stents”. Endoscopy 45.12
(2013): 997-1005.

27. H Isayama., et al. “Measurement of radial and axial forces of
biliary self-expandable metallic stents”. Gastrointestinal Endoscopy 70.1 (2009): 37-44.

28. Q Zou., et al. “Mechanical characteristics of novel polyester/
NiTi wires braided composite stent for the medical application”. Results in Physics 6 (2016): 440-446.
29. N Demanget., et al. “Computational comparison of the bending behavior of aortic stent-grafts”. Journal of Mechanical Behavior of Biomedical Materials 5.1 (2012): 272-282.

30. R Chiesa., et al. “The Bolton Treovance abdominal stent-graft:
European clinical trial design”. Journal of Cardiovascular Surgery 53.5 (2012): 595-604.

31. I Akin., et al. “Implication of thoracic aortic stent-graft conformability on clinical outcomes”. Acta Chirurgica Belgica
109.1 (2009): 20-26.
32. Ying G., et al. “Comparative Study of the Effect of Structural
Parameters on the Flexibility of Endovascular Stent Grafts”.
Advances in Materials Science and Engineering (2018).

87

33. White GH., et al. “Endoleak - a proposed new terminology to
describe incomplete aneurysm exclusion by an endoluminal graft (letter)”. Journal of Endovascular Surgery 3 (1996):
124e5.
34. White GH., et al. “Endoleak asa complication of endoluminal
grafting of abdominal aorticaneurysms: classification, incidence, diagnosis, and management”. Journal of Endovascular
Surgery 4 (1997): 152e68.
35. White GH., et al. “Type III andtype IV endoleak: toward a complete definition of blood flow in the sac after endoluminal AAA
repair”. Journal of Endovascular Surgery 5 (1998): 305e9.

36. Leurs LJ., et al. “Long-term results of endovascular abdominal
aortic aneurysm treatment with the first generation of commercially available stent grafts”. Arch Surgery 142 (2007):
33e41.

37. Riepe G., et al. “Frame dislocation of body middle rings in endovascular stent tube grafts”. European Journal of Vascular and
Endovascular Surgery 17 (1999): 28e34.
38. Heintz C., et al. “Corroded nitinol wires in explanted aortic endografts: an important mechanism of failure?” Journal of Endovascular Therapy 8 (2001): 248e53.

39. Chakfé N., et al. “The influence of the textile structure on aortic
endoprostheses degradation. Evaluation of explanted grafts”.
European Journal of Vascular and Endovascular Surgery 27
(2004): 33e41.

40. Stokmans RA., et al. “Early results from the ENGAGE registry:
real world performance of the Endurant Stent Graft for endovascular AAA repair in 1262 patients”. European Journal of
Vascular and Endovascular Surgery 44 (2012): 369-75.
41. Bachoo P., et al. “Early outcome of endo vascular aneurysm
repair in challenging aortic neck morphology based on experience from the GREAT C3 registry”. Journal of Cardiovascular
Surgery (Torino) 54 (2013): 573-80.

42. A Bussmann., et al. “Textile Aging Characterization on New
Generations of Explanted Commercial Endoprostheses: A
Preliminary Study”. European Society for Vascular Surgery 54
(2017): 378-386.

Volume 3 Issue 6 June 2019
© All rights are reserved by N Gokarneshan and S
Kavitha.

Citation: N Gokarneshan and S Kavitha. “A Review of Current Trends in Implantable Textile Materials”. Acta Scientific Medical Sciences 3.6 (2019): 83-87.

