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A DECADE OF EVOLUTION IN STENT DESIGN

Craig Bonsignore

Cordis Corporation, Nitinol Devices & Components
47533 Westinghouse Drive, Fremont, CA 94539

ABSTRACT
Stents have been commercially available for vascular and nonvascular applications for well over a
decade. In this time, hundreds of designs have evolved utilizing a vast array of materials and fabri-
cation techniques, assuming myriad forms and geometries and including various additions. These
categories of distinctions are presented as a pyramid of stent design options, highlighting key
advantages or compromises within each category. Most commercial stent designs have attempted to
differentiate themselves on the basis of stent geometry, so this diverse category receives particular
attention. These categories are used to present an organized taxonomy of past, present, and future
stent designs.
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INTRODUCTION

The intravascular stent first rose to prominence in 1994 with the launch of the Palmaz-Schatz Coro-
nary Stent. This new device transformed the practice of interventional cardiology, selling one mil-
lion units in less than two years and creating a $700 million annual market nearly overnight. Today,
the market for coronary stents alone has more than doubled to $1.5 billion, and is expected to
immediately double yet again to $3 billion with the advent of drug eluting stents. The rapid growth
of this market attracted hundreds of innovators, each seeking to match their perceived design
advantages with a clinical need. This fertile environment spawned hundreds of clever, simple, revo-
lutionary, and uninspired designs: “stent” appears in 5063 issued US Patents, 1225 times in the title.
A recent survey uncovered 157 commercial stent designs, and countless others have certainly escaped
the attention of this author and his able research team. The following pages will attempt to bring order
to this menagerie of designs and offer insight into the design choices made by stent developers. 
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1977: PRE-STENTING

The word “stent” is attributed to Charles R. Stent, a nineteenth century English dentist, and was
originally used to describe a mold for keeping a skin graft in place [2]. In a more modern context,
the word “stent” refers to an implantable device used to provide structural support to a circulatory
vessel or other luminal passage in human anatomy. Vascular stents evolved as an adjunct to balloon
angioplasty, which was pioneered by surgeon Andreas Gruentzig in 1977. Minimally invasive
angioplasty techniques became an important alternative to open heart surgery, but acute success and
long term durability of such procedures was limited. Restenosis, or reclogging of treated arteries,
was commonplace. This clinical problem was the impetus for developing stents and more exotic
devices like intravascular lasers and drill-like burrs designed to ablate or remove the offending
blockage. The first coronary stent implantation is credited to Jacques Puel and Ulrich Sigwart of
Toulouse, France, in 1986. 

The Palmaz stent would ultimately become the first to be proven successful in meeting the resteno-
sis challenge. Dr. Julio Palmaz began his design exploration using the readily available resources of
the day. His first stent prototype was created from copper wire and solder obtained from a local
Radio Shack (Figure 2A). Knowing this design had its limitations, and inspired by the metal mesh
used by a contractor doing plaster work in his house, Palmaz realized that similarly staggered slots
could be applied to stent design. This would allow for fabrication from a single tube without over-
lapping filaments or solder points. Dr. Palmaz did not know how to go about creating such a slotted
tube, so he did the only sensible thing: he consulted a rocket scientist in the rural woods of Califor-
nia. The retired German rocketeer suggested the second innovation, electrical discharge machining
(EDM). These two central distinctive innovations of the Palmaz design led to its clinical success.
Dr. Palmaz filed for a U.S. patent in November of 1985. After being rejected by every major medi-
cal device company in the field, he and his partners ultimately found an unlikely suitor for this con-
troversial new technology. Johnson & Johnson had no experience in interventional therapy, but
would ultimately become to first to commercialize this transformational new technology.

1994: RADIAL STRENGTH

In the early 1990s, there were a handful of stents in trials and commercially available. The primary
types: The Wallstent, fabricated from braided wire of a cobalt alloy called elgiloy; The Wiktor
stent, fabricated from tantalum wire formed into a helical ring structure; the Gianturco-Roubin
Flex-Stent, fabricated from stainless steel wire in a clamshell design; and finally the Palmaz and
Palmaz-Schatz stents, fabricated from slotted stainless steel tubes [2]. At this point, there were a
growing variety of design options from which to choose (see Table 1).

Like most other experimental therapies of the day, three of the above designs were not successful in
combating restenosis. But the Palmaz-Schatz stent proved to be different than the rest. In 1995, the
BENESTENT trial clearly demonstrated the benefits of stenting; at last, interventional cardiologists
had a tool that dramatically improved their success rates [3]. The slotted tube construction derived
from the plasterer’s mesh was the foundation for the stent’s superior strength and clinical efficacy.
As with most things unique and successful, the marketplace quickly responded with designs that
attempted to emulate the attributes of the Palmaz-Schatz stent, while improving upon some of the
shortcomings inherent in this first generation product.
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1995: FLEXIBILITY

By the mid 1990s, it was clear that stents were an essential (and profitable) new technology, and
substantial resources were invested in development of next generation devices. From a clinical per-
spective, the strength lesson was clear, but strength often came at the expense of flexibility. Stent
designers became focused on creating designs that would be more maneuverable in tortuous coro-
nary anatomy, but still strong enough to provide adequate scaffolding for diseased vessels. EDM
machining only worked well for straight slots, which made for a rather inflexible stent. It became
clear that new technologies would be required if stents were to be made more flexible. Laser
machining and photochemical etching answered the call, unlocking a virtually infinite world of
geometrical possibilities for slotted tube stent designs.

Dr. Kobi Richter adapted the photochemical (PC) etching technology used in the electronics indus-
try for stent manufacturing. His company, Medinol, went on to develop the NIR stent, which was
PC etched from sheets of stainless steel, then wrapped into a cylindrical form and welded into a
stent. The PC etching process allowed for the addition of flexible connector elements in the stent
geometry, and also offered compelling economies of scale in production.

Also at this time, laser-machining capabilities were advancing rapidly. Laser micromachining
quickly became the preferred fabrication technique for tube based stents, and remains so today.
Laser fabrication technology allowed for virtually limitless variations in geometry, and became
readily available to the stent development community through system integrators or vendors. Laser
micromachining capabilities spawned the diverse variety of stent designs that have been created
through the years.

While most of the stent designs in the second wave relied upon these new technologies for creating
flexible and strong geometries, there is at least one notable exception. Arterial Vascular Engineer-
ing (AVE) developed a coronary stent of the very simplest construction, wire rings (Figure 2H),
welded at some but not all junction points between adjacent bends. This perfectly simple construc-
tion proved to be quite successful. Its successors share the same construction and remain quite suc-
cessful today. This design was one of the first to employ an open cell structure (Figure 1B) to
achieve a successful balance of strength and flexibility.

Table 1 Stent Design Options

Wallstent Wiktor GR Flex-Stent Palmaz/Palmaz-
Schatz

Material elgiloy tantalum stainless steel stainless steel

Form wire wire wire tube

Fabrication braid bend bend EDM

Geometry braid helical rings clamshell slotted tube

Figure 2B N/A 2E (2nd generation) 2C
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1997: GEOMETRY

In October of 1997, Guidant received FDA approval for its MultiLink stent and became the first
competitor to challenge J&J’s 90% share of the U.S. market. Within 45 days, the MultiLink stent
commanded 70% of the market. The Boston Scientific NIR stent and AVE MicroStent II followed
in 1998, and these three new designs combined to render J&J’s new Crown stent an insignificant
player. It is worthwhile to consider the unique aspects of geometry that contributed to their fates. 

First, a primer on stent construction: most stent designs have two fundamental constituents—
expandable ring elements and connecting elements (Figure 1). Expandable rings are typically com-
prised of some number of struts arranged in a zigzag pattern with inflection points (tips or elbows)
located at the end of each strut. Connecting elements (bridges), connect adjacent rings together, and
may be described as flex or nonflex connectors, based on their shape. Connecting elements may
also be described by the points at which they join with the ring elements. The terms, “peak-to-
peak,” “peak-to-valley,” and “midstrut” can be used to describe these connection points. Stent
designs may be classified as being open or closed cell, based on the arrangement of the connecting
elements. A design may only be considered closed cell if each internal inflection point is connected
peak-to-peak with a corresponding inflection point on the adjacent expandable ring. In this config-
uration, the closed area formed by two pairs of struts and two bridges is considered a cell. Any
other configuration will feature some internal inflection points that are unconstrained, and the open
cell would span one or more of these of these inflection points. Closed and open cell structures and
a variety of bridge connection strategies are highlighted in Figures 1A–F [4].

The original Palmaz-Schatz stent and its successor, the “Crown” design are both examples of
closed cell, nonflex connector, peak-to-peak designs which define the most inflexible of any possi-
ble stent configuration. The Crown stent, an innovation of Dean Kamen’s DEKA Group, introduced
a sinusoidal wave strut configuration that looked interesting, but did little to improve flexibility and
was not very well received. The NIR stent was also a closed cell, peak-to-peak stent, but this design
first introduced the flex connector. This V-shaped element did improve flexibility, and the stent
became quite successful. The MultiLink stent introduced peak-to-valley connectors and open cell
design. The peak-to-valley connections and open cell structure of this stent made it quite flexible;
its successors continue to lead the market five years after its introduction.

1997: NITINOL STENTS

The above mentioned devices were all coronary stents, fabricated from 316L Stainless Steel. While
the coronary market is the largest in terms of dollars, the peripheral vascular and nonvascular sys-
tems present a far greater variety of potential stent applications. For these applications, the clinical

Figure 1 Typical stent constructions: (A) closed cell, peak-peak, flex connector, (B) open cell, non-
flex connector, peak-peak, (C) open cell, nonflex connector, peak-peak, (D) open cell, flex connec-
tor, peak-peak, (E) open cell, nonflex connector, peak-valley, and (F) open cell, nonflex connector, 
midstrut. 

A B C FED
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requirements are quite diverse, but often necessitate stents of larger diameters that can recover from
dynamic motions or outside forces. The carotid arteries of the neck, and superficial femoral arteries
of the legs are both examples of vascular beds where plastically deformable stainless steel stents
could become crushed and compromise blood flow. These indications demanded self-expanding,
crush recoverable stents, and thus a different material. The Wallstent is a braided mesh type stent
constructed from filaments of a cobalt based alloy [5]. It had been available since the early 1990s
and developed a loyal following in spite of drawbacks including substantial length differences
between its expanded and constrained states that made accurate placement difficult. It was clear
that the unique superelastic properties of nickel-titanium (Nitinol) would be a benefit for many
peripheral vascular indications, but the only Nitinol stents available were wire based, and were not
particularly successful. In the mid 1990s, as laser cut stainless steel tube coronary stent became the
standard, it became apparent that the same technology could be applied to Nitinol tubing. 

Bard released the Memotherm in 1997 (Figures 2J), and Cordis released the SMART stent in 1998
(Figures 2I); both are examples of open cell, peak-to-peak constructions. The SMART stent
became the dominant design in the endovascular marketplace, and remains the leader today. The
success of the SMART stent design was largely due to its very fine mesh structure that offered
exceptional contouring, flexibility, and apposition characteristics. 

It is estimated that Nitinol stents now comprise 60% of the endovascular stent market. Nitinol stents
also dominate nonvascular markets including urologic, upper and lower gastrointestinal, and tra-
chea-bronchial applications.

DESIGN CHARACTERISTICS

Flexibility

Flexibility is often cited as the most important characteristic of any stent design. Flexibility usually
implies deliverability, or the capacity for the unexpanded stent to navigate tortuous anatomy en
route to its destination. Flexibility is also often associated with contourability, or the capacity for an
expanded stent to assume the natural curve of a vessel without unnatural straightening. Both of
these characteristics are fairly easy to observe, measure, and understand for physicians and stent
designers alike. Some of the design characteristics impacting flexibility are as follows:

Cell Structure: Open cell structures are often substantially more flexible than closed cell struc-
tures, but require some compromises. First, when the unexpanded stent is placed in a tight bend,
unconnected inflection points can lift up and present an irregular edge to the surrounding lumen—
this is often described as fish scaling (Figures 2K). Second, when the expanded stent structure is
placed in a bend, the unconnected inflection points can spread apart from each other, thus compro-
mising scaffolding (Figures 2L).

Flex Connectors: Flex connectors add flexibility, but do so at the expense of scaffolding. The addi-
tion of flex connectors between expandable rings increases cell size, thus compromising scaffold-
ing. More flexible flex connectors require increased spacing between expandable rings, and
consequently decreased strength of the full structure. 

Dimensions: Stent dimensions also play an important role in flexibility. Flexibility is inversely
related to stent diameter, wall thickness, and the width of flex connectors.
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Strength

Strength is arguably the single most important characteristic of stent design, and is perhaps the least
understood. The FDA guidance document [6] defines radial strength as, “change in stent diameter
as a function of circumferential pressure … noting the point at which deformation is no longer
reversible.” Stent designers have interpreted this in many ways: the external hydraulic pressure
required to collapse a stented tube; the force required to crush a stent between flat plates; or the ten-
sion in a collar used to reduce the diameter of an expanded stent. Physicians, however, most com-
monly interpret the strength of a stent as the amount of recoil the vessel experiences after the stent
is expanded. This creates another point of confusion, because the FDA guidance document (and
stent designers) define stent recoil as the amount of elastic recoil experienced by a stent in the
absence of any external loading. Superelastic self-expanding stents create further confusion in this
area, as the concepts of nonrecoverable deformation and elastic recoil are meaningless. It is pro-
posed that stiffness is a more appropriate and universal measure of the strength of a stent. In the
stiffness interpretation, an expanded stent is constrained by a contracting collar and the tension in
the collar is measured as a function of stent diameter. This tension can then be normalized by the
length of the stent, and plotted against diameter. The slope of the resulting line relates to the stiff-
ness of the structure, and corresponds with the physician’s observation of stent “recoil” when
loaded by a diseased vessel. The choice of materials and dimensions are the main factors that influ-
ence stent strength.

Material: The choice of material, its elastic modulus, and its stress-strain curve are key drivers of
stent strength. Plastically deformed balloon expandable stents offer rigidity that cannot be matched
by self-expanding Nitinol stents, for example. However, superelastic Nitinol provides a constant
and gentle outward force over time, and can recover from crushing or other large deformations.
Bioabsorbable polymer stents are compelling in theory, but have found limited success to date
because of the fundamentally limited strength of these polymeric materials.

Dimensions: Once the material has been chosen, the strength of the design is dictated by the
dimensions of the struts comprising the expandable ring segments of the stent. In most general
terms, each strut has a length L, a width W, and a thickness T. These factors do not contribute
equally to the strength of the stent. Strut width has the most substantial impact by far, followed by
length, and finally wall thickness.

Scaffolding

Scaffolding is the third key design characteristic of stent design, and it is inexorably linked with
strength and flexibility. Improving flexibility demands the ability for expandable ring segments to
pull apart from each other on the outer radius of a bend and push together on the inner radius.
Allowing this freedom requires disconnecting some inflection points, or connecting them with
spring-like flex connectors. Both actions compromise scaffolding to some degree. Alternatively,
scaffolding can be improved by decreasing the length of struts and placing more of them around the
circumference. This creates more expandable ring segments along the length of the stent, and there-
fore decreases the amount of separation required between any two expandable rings to assume a
given bend radius. This improves scaffolding and flexibility, but decreases strength.

A SURVEY OF STENT DESIGNS

The stent marketplace evolved in a Darwinian model, as innovators and opportunists bred the
geometries of weak with the strong, peaks with valleys, and open with closed cells. A recent survey
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Figure 2 A variety of stent designs: (A) An early prototype of Dr. Julio Palmaz, (B) Braided Wall-
stent, (C) Palmaz-Schatz Coronary Stent, (D) Cypher drug-eluting stent, (E) Gianturco-Roubin 
Flex-Stent II, (F) Radiopaque markers, (G) Combination of flex and non-flex connectors, (H) 
Welded ring AVE stent, (I) Nitinol SMART stent, (J) Nitinol Memotherm stent, (K) Dynalink peak-
valley construction, (L) Open cell design with poor bend scaffolding, (M) Intracoil coil stent, (N) 
Nitinol wire stent-graf, and (O) Midstrut connection.

Figure 3 A survey of stent designs. Layers of the pyramid summarize the major design options 
faced by stent designers. Bracketed numbers depict the numbers of stent designs which fall in each 
of the described categories. These numbers are also graphically represented by dots on each 
branch. (::::. = [9])
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has revealed at least 157 stent designs that have been commercialized or are in development. Virtu-
ally every combination of peak, valley, and midstrut connection has been commercialized in the
pursuit of the ultimate design. Hybrid designs even pack multiple design strategies within a single
stent. These designs can be divided into balloon-expanding (BX) and self-expanding (SX) catego-
ries, then further classified by clinical indication. These categories are depicted graphically in
Figures 3 and described in greater detail below.

Clinical Use: Coronary stent applications are overwhelmingly dominated by balloon expanding
stents, while a majority of peripheral vascular and nonvascular designs are self-expanding. 

Material: 316L stainless steel has been the material of choice for plastically deformed BX stents
since the success of the Palmaz-Schatz stent in 1994, but there is a trend away from this material.
Cobalt-based alloys are becoming increasingly popular for next generation BX stent designs,
because they offer higher strength with less material. Nitinol dominates the SX stent designs, and
its unique properties assure that it will to remain the material of choice for these applications for
some time.

Form: Seamless tubing has been the most popular choice of material form since the success of the
first slotted tube stents because of its profile advantages and continuous structure. This is true of
both SX and BX designs, though in both cases several wire-based designs have proven viable and
successful.

Fabrication: Laser micromachining dominates the current practice of stent manufacture of tube-
based stents, though photochemical etching has been proven viable on tubes as well. The most
intriguing development on the horizon is nanomanufacturing, which uses high vacuum sputtering
techniques to build metallic vascular implants atom-by-atom in an additive fashion. 

Geometry: Stent geometries have been very thoroughly explored in the past decade. Briefly
describing each category:

Construction: The sequential ring type of construction has proven most functional and
popular for both plastically deforming and self-expanding stents. They offer the best com-
bination of strength, flexibility, and small diameter for most vascular applications. Coil
designs are quite popular for nonvascular applications—such as prostate and urethral
stenting—because these designs are typically fully retrievable weeks or months after
implantation. These coil type designs were never particularly successful in vascular appli-
cations because they are much larger in their constrained state than ring type designs.

Cell: Despite the early success of closed cell geometries, open cell structures have proven
successful and now dominate the BX stent designs 3 to 1. SX stents use open cell con-
structions almost exclusively. It is interesting to consider why this is the case. When
designing with Nitinol tube, maximizing strength while minimizing diameter is often of
paramount importance. Consequently, the designer must use as much material as possible
in the expanding rings, leaving little if any room for effective flex connectors between the
expanding rings. Since flex connectors are often not practical, Nitinol tube designs most
often derive their flexibility from open cell construction and not from flex connectors. 

Bridges–Connector Type: The survey shows a nearly even split between balloon expand-
able with flex and with nonflex connectors; several featured a combination of both
(Figures 3G). Flex connectors have been constructed in the shape of almost every letter of
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the alphabet: “S”, “N”, “V”, and so on. In self-expanding designs, flex connectors are vir-
tually nonexistent for reasons noted above.

Connector Location: Peak-to-peak connection is the original and most common form of
bridge connection, though alternatives are not uncommon. Different connection strategies
can serve to improve flexibility and influence the foreshortening characteristics of a stent.
Generally, peak-to-peak bridge connection will tend to draw adjacent expanding rings
apart from each other as strut angles increase during expansion. This often results in fore-
shortening, or a reduction in length as the stent is expanded. Some designs feature flex
connectors that are designed to stretch during expansion to reduce the tendency of the
stent to shorten. Theoretically, valley-to-valley connection causes the opposite effect: adja-
cent rings will tend to push apart from each other, causing the stent to lengthen during
expansion. Peak-to-valley connection counters these effects, and effectively eliminates the
tendency for the stent to shrink or grow in length as it is expanded. It should be noted that
the choice of bridge connection strategy could greatly impact the strength of a stent. A
stent’s strength is derived in large measure from the width of its constituent struts. The
width of the struts is a function of the circumference of the tube and the utilization of the
material around that circumference. Peak-to-valley, valley-to-valley, and midstrut connec-
tions require some circumferential material to be sacrificed from the struts—forcing a
compromise in strength or profile. With peak-to-peak connections, however, no circumfer-
ential material is sacrificed. In Nitinol design, it is usually imperative to maximize the
strength of the design, which explains the near exclusive use of this connection strategy in
self-expanding stents in the survey.

Additions: This is the final frontier of stent design differentiation. Grafts or related covers
may transform a simple stent into a device that performs some specialized function:
exclude an aneurysm, repair a damaged vessel, or protect a lumen from tumor ingrowth.
Such covered stents are more common among self-expanding stent designs. A variety of
different types of coatings may be applied to stents. Usually, these claim to improve bio-
compatibility in some way, often purporting to decrease thrombogenecity or protect the
body from metal ion release. Common coatings include diamond-like-carbon (DLC) and
silicon carbide. These coatings are found on a handful of BX and SX stents. It is quite
clear, however, that pharmaceutical coatings will play a profound role in the future evolu-
tion of stent designs. Heparin was the first commercially successful drug coated onto a
stent. Similar to aspirin, heparin is generally administered systemically to reduce the risk
of thrombus formation when the stent is first placed. A heparin coated stent effectively
provides a biological non-stick surface, protecting the stent from attracting or collecting
clot. The most recent developments in stent pharmaceutical combinations are antiresteno-
sis drugs such as Sirolimus or Paxlitaxel that are combined with a polymer on the stent
surface and designed to elute from the implant during the healing process. These drugs
have been proven to dramatically reduce restenosis (reclogging of the vessel), and promise
to make stenting an even more effective therapy in the treatment of coronary and periph-
eral vascular disease.

CONCLUSION

The history of stent design has demonstrated that each new device innovation is preceded by an
enabling technology. Stenting itself was enabled by balloon angioplasty; EDM slotted tube technol-
ogy brought us the first successful stent; laser micromachining enabled more flexible and easy to
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use stents. Advances in the application of Nitinol opened the peripheral vascular world to the bene-
fits of stenting. Incredible new pharmaceutical technologies now are being combined with implant-
able stents as we enter yet another dimension in successful minimally invasive interventional
therapy. The next decade is certain to bring more sophisticated drugs in combination with more
sophisticated devices, and likely new and transformational technologies as well.

REFERENCES

1. D. Stoeckel et al., Min Invas Ther & Allied Technologies 11 (4) (2002), p. 137–147.

2. R. Balcon et al., European Heart Journal 18 (1997), p. 1536–1547.

3. P.W. Serruys et al., N Engl J Med 331 (1994), p. 489–495.

4. D.R. McClean, Reviews in Cardiovascular Medicine 3 (Suppl 5) (2002), p. 516–522.

5. C.J. Pepine et al., Journal of the Americal College of Cardiology 28 No 3 (1996), p. 782–794.

6. Guidance for the Submission of Research and Marketing Applications for Interventional 
Cardiology Devices: PTCA Catheters, Artherectomy Catheters, Lasers, Intravascular Stents 
(US Food and Drug Administration, Centers for Devices and Radiological Health, May 1995).

7. Handbook of Coronary Stents 4th ed., eds. P.W Serruys and B.J. Rensing (Martin Dunitz Ltd, 2002).


	Cover
	Copyright Information
	Table of Contents
	Foreword and Acknowledgments
	Preface
	ALLOYS AND PHASE TRANSFORMATIONS
	The Development of Radiopaque Nitinol
	Characteristics of High Purity Nitinol
	The Effect of Alloy Formulation on the Transformation Temperature Range of NiTi Shape Memory Alloys
	Design of Nanodispersion Strengthened TiNi-Base Shape Memory Alloys
	Structural and Diffusional Effects of Hydrogen in TiNi
	Shape Memory Properties of Nickel Rich Ni-Ti Alloys
	Design and Performance of a Non-contact Af Tester
	Differential Scanning Calorimetry as a Tool for Investigating Structural Changes During Repeated Phase Transformations in NiTi Alloys
	Chemical and Microstructural Explanations for Multiple Step Martensitic Transformations in Ni-Rich NiTi Shape Metal Alloys
	Characteristics of Porous TiNi Biomaterial as a Medical Device: Compression Testing for Biomechanical Compatibility
	Pseudoelastic Beta Ti-Mo-V-Nb-Al Alloys
	Superelastic Behavior in Nickel-Free Ti-Nb-Sn Alloys
	Determination of the Martensite-Austenite Transformation Temperatures in Ni-Mn-Ga Alloys

	PROCESSING METHODS
	Engineering Characteristics of Drawn Filled Nitinol Tube
	Process Optimization Towards High Grade Wire and Tubing Surfaces
	The Effect of Cyclic Aging on the Transformation Temperatures of Ni-rich NiTi Alloys
	Status and Trends of Nitinol Micromachining Techniques
	Metal Injection Molding for NiTi Alloys
	Thermal Spraying of NiTi Alloys
	Thermal Spray Forming of NiTi Shape Memory Alloys
	Properties of Hot Isostatic Pressed NiTi Components
	Characterization of the Superelastic Effect in Cu-Al-Ni Shape Memory Alloys Processed by Powder Metallurgy
	Thermomechanical Properties in Cu-Al-Ni Shape Memory Alloys Processed by Powder Metallurgy
	Ultra-Low-Density Open-Cell NiTi Foams
	Soldered Joints for Shape Memory Components
	Laser Welding Nitinol to Stainless Steel
	CO2 Laser Welding of NiTi/Ni-Based Alloys
	Laser Cutting Nitinol Tubes

	MECHANICAL PROPERTIES
	Biaxial Testing at Different Temperatures of Cruciform Ti-Ni Samples
	The Effects of Notches and Grain Size on Transformations in Nitinol
	On the Mechanical Behavior of Nitinol Under Multiaxial Loading Conditions and in situ Synchrotron X-ray
	On the Interrelation of Microstructure, Localization of Transformational Strain, and Strain Rate in Pseudo-elastic Fatigue of NiTi
	Fatigue Behavior of Superelastic NiTi Alloys Subjected to Torsional Loading
	Fatigue Testing of Diamond-Shaped Specimens
	Mean Strain Effects and Microstructural Observations During in vitro Fatigue Testing of NiTi
	Fatigue Performance of Nitinol Tubing with Af of 25˚C
	Fracture Characterization in Nitinol
	Mechanical Characterization of Shape Memory Alloys using Diffraction and Instrumented Indentation
	Texture in Tubes and Plates of Nitinol
	Behavior of TiNi Alloy Under Neutron Irradiation

	SURFACE CHEMISTRY, CORROSION, AND BIOCOMPATIBILITY
	Oxidation of Nitinol
	Corrosion Resistance of Oxidized Nitinol
	The Corrosion of Nitinol by Exposure to Decontamination Solutions
	The Role of Alkaline Cleaning Solutions and Cl-Containing Lubricants on Pitting Corrosion in NiTi Alloys
	Effect of Strain on the Corrosion Resistance of Nitinol and Stainless Steel in Simulated Physiological Environment
	The Effect of Surface Particulates on the Corrosion Resistance of Nitinol Wire
	Porous NiTi Alloy Produced by SHS Process: Surface Characteristics and Corrosion Behavior
	Corrosion Behavior of a Beta Ti-Mo-Nb-Al-V Alloy

	DESIGN THEORY AND FINITE ELEMENT ANALYSIS
	Reducing the Design Cycle of Nitinol Devices
	Designing with Nitinol for the Commoner
	Finite Element Analysis on Nitinol Medical Applications
	Finite Element Analysis and Experimental Evaluation of Superelastic Nitinol Stent
	Influence of Stress Concentration on the Thermomechanical Behavior of NiTi Shape Memory Alloys
	Numerical Simulation of Shape Memory Alloys at Finite Strains
	Numerical Simulation of Structures in Shape Memory Alloy
	Finite Element Analysis of Plastic Behavior in Nitinol
	Numerical Simulation of Texture Effect on a Biomedical Nitinol Stent

	MEDICAL APPLICATIONS
	A Decade of Evolution in Stent Design
	A SMA-Based Scoliosis Correction System- First Designs and Clinical Experience
	New Concept for an Artificial Intervertebral Disc (AID) as a Total Replacement of a Herniated Lumbar Disc
	Novel Interbody Fusion Implant Made from Shape Memory Alloy for Minimal-Access Surgery of the Spine
	A Closed Loop Implantable Artificial Pancreas Using Thin Film Nitinol MEMS Pumps
	Shape Memory Polymers as Stimuli-Sensitive Implant Materials for Medical Applications

	NON-MEDICAL APPLICATIONS
	Folded Geometry, Multi-Functional NiTi Actuators
	Characterization of SMA Wire in Bias Spring Actuation
	Time Response of Shape Memory Alloy Wires and Application in a Drive System
	Silicon Oxide Diaphragm Valves and Pumps with TiNi Thin Film Actuation
	Development of a Hybrid Shape Memory Fabric for Application in the Textile Industry
	Superelastic Damping Characteristics of Ti-50.8at.% Ni Wires Under Low Frequency Mechanical Shock in Structural Engineering
	Application of Shape Memory Alloys to Develop a Massive Actuator for Rock Splitting

	THIN FILMS AND SURFACE MODIFICATIONS
	Nitinol Thin-Film Three-Dimensional Devices: Fabrication and Applications
	New Design Opportunities in the Medical Device Industry Using NiTi Thin Film Technology
	Exploiting Shape Memory and Superelasticity in Engineered Surfaces
	Smart Thin Film TiNi Based Membranes (110) for Optical Applications
	Sputter-Deposition Technique, Transformation Intervals and Mechanical Properties of Ti-Ni-Hf and Ti-Ni- Pd High Temperature Shape Memory Alloys Thin Films
	Superelastic Thin Films by Multilayer- Like Co-Sputtering Technique
	Inhomogeneous Microstructures Observed in Crystallized NiTi Films
	Texture Formation in MBE-Grown NiTiCu Thin Films

	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	V
	W
	X
	Y
	Z

	Subject Index
	A
	ABAQUS software 493
	absolute temperature 364
	acid etching 33
	acrylates 567
	activation energy 364
	actuators 677-678
	Advanced Photon Source 333
	AES (Auger electron spectroscopy) 358
	age heat treatment (AHT) 278
	aging 311
	air bladders 579
	alkaline cleaning agents 385-392
	aluminum 418
	American Diabetes Association 555
	amorphization 353
	amorphous films 701-710
	angioplasty 520
	animated eyes 578
	ANSYS software 429
	antiproliferative agent 652
	antirestenosis drugs 527
	antithrombotic agents 652
	arc melting 220
	Archimedes method 145
	argon gas 640
	argon ion gun 418
	Argonne National Laboratory 333
	Arrhenius equation 39, 364
	artificial intervertebral disc (AID) 539-548
	artificial pancreas 555-561
	atomic force microscope (AFM) 663
	Auger electron spectroscopy (AES) 358
	Auricchio algorithm 426
	austenite finish temperature 322, 443-449
	austenite shear modulus 287
	austenite start temperature 322
	austenitic transformations 103-107, 196, 286, 676
	axial deformation 114-115

	B
	backscattered electron imaging (BEI) 47, 358
	balloon-expanding (BX) stents 526
	bar-to-tube drawing 120
	baskets 425
	BEI (backscattered electron imaging) 47, 358
	bend free recovery (BFR) 9, 44-46
	Berkovich indenters 335, 663-667
	Bessel functions 39
	beta radiation 652
	beta titanium 81-89
	beta-titanium alloys 417-423
	bias spring actuators 583-592
	biaxial testing 251-256
	biocompatibility 385
	biomaterials 73-79, 417-423
	biomechanical testing 73-79, 533-534
	biomechanics 549-553
	biomedical devices 341
	bleach 377-378
	block copolymers 563-570
	blood clots 648
	bone mineral density (BMD) 551
	Boston Scientific Corp. 639
	Bragg peak 270
	Brantigan interbody fusion cage 534
	breakdown potential 418
	Bridgman crystal growth method 102-103
	Buehler, William 1
	butylacrylates 567

	C
	caprolactone 565
	carbon 7, 45, 175
	carbon dioxide laser 229-237
	carotid arteries 652
	casting 173
	cathodic cleaning 33
	Cauchy stress 478
	Cauchy-Green tensors 476
	CCD (charge-coupled device) camera 53-56, 333
	Centorr 5SA arc furnace 220
	chemical energy 491, 511
	chemical enthalpy 64
	chlorine-containing lubricants 385-392
	chlorine-free lubricants 120
	chromium 641, 645
	chronic outward force (COF) 455-457
	CIDEX solution 381
	circular spline 600-601
	Clausius-Clapeyron’s equation 60-62, 93, 597
	Clausius-Duhem inequality 479-481, 510
	cleaning agents 385-392
	coatings 160-161
	Coffin-Manson behavior 296
	cold gas dynamic spraying (CGS) 164
	comfort seating 579
	compact tension (CT) specimen 260
	composite stress hysteresis 113
	composite wire 109-118
	compositional analysis 103
	compression damage 324-328
	compression testing 73-79
	cone 645
	control electronics 560-561
	controllers 583-592
	convective heat-transfer coefficient 597
	co-polyetheresterurethanes 565
	coronary arteries 652
	corpectomy 533
	corrosion 417-423
	co-sputtering, multilayer-like 693-700
	cost 437
	CP-1 674-680
	Crown stent 522
	cruciform samples 248-249
	crush resistance 458-459
	crush test 458
	cryogenic system 350
	crystallization 701-710
	crystallographic alignment 341
	CTI-Cryogenics high-vacuum pump 684
	Cu-Al-Ni alloys 192
	cube corners 335
	current 590
	Cu-Zn-Al alloys 192
	cyclic aging 129-133
	cyclic deformation 293-300
	cyclic polarization 417-423
	cylinder 645
	cylindrical sputtering 640
	cytotoxicity 91

	D
	damping 285-291, 621-625
	debinding 144
	decontamination solutions 375-383
	deformations 259, 293-300, 331-338
	degenerative disc disease 535-536
	degradation time 565
	density 146
	deposition chambers 678-680
	deposition rates 714
	depth sensing indentation 332
	design 438
	deuterium 34
	dexamethasone 557-559
	diabetes 555
	di-acid chlorides 565
	diamond-like-carbon (DLC) coating 527
	die drawing 385-392
	differential scanning calorimetry (DSC) 15-21, 59-66, 102, 145, 157, 175, 332
	differential thermal analysis (DTA) 212
	diffraction gratings 260
	diffusion rates 39
	diffusivity 39
	Digital Instruments Inc. 663
	diglycolide 565
	diisocyanates 565
	dilactide 565
	dimpled rupture 323
	diode-pumped solid state lasers (dpSSL) 136
	diols 565
	dioxanone 565
	discontinuous yielding 278
	displacement rate 622
	displacement transducers 53-56
	dissipated energy 288
	dissipation rate 510
	dissolution rates 385
	drawing 342-346
	Drucker-Prager shape 503-504
	drug delivery 557-559
	drug delivery stents 658
	DSC (differential scanning calorimetry) 15-21, 59-66, 102, 145, 157, 175, 332
	DTA (differential thermal analysis) 212
	ductility 34, 645
	dynamic loads 211

	E
	EDXS (energy dispersive x-ray spectroscopy) 223, 358, 685, 714
	elastic elongation 598
	elastic energy 491
	elastic modulus 336
	elastic strain energy 288
	elasticity tensor 482
	elasticity, transformational 661-671
	elastomers 563-570
	electrical resistance 598
	electron back-scatter diffraction (EBSD) 192
	electropolishing 33, 385, 639
	elemental powder 173-181
	embolic protection devices 657
	embrittlement 34
	EnduraTec ELF/3200 desktop tester 458
	EnduraTEC testing system 465
	energy balance 596-597
	energy dispersive x-ray spectroscopy (EDXS) 223, 358, 685, 714
	eNitinol 658
	entropy 479
	environmental hydrogen concentration 39
	epoxy 260
	ESCALAB-3 MKII system 411
	etching 439, 639
	Euclidean point space 476
	Eulerian finite deformation theory 475
	Eulerian strain 477
	Eulerian stress 478
	Eulerian tensors 476
	exothermic reactions 410
	EXTRACTIVE-SMA project 629
	extruded tubing 120
	eyeglass frames 53
	eyeglasses 425

	F
	fabrics 613-616
	fatigue 438
	FDA (Food and Drug Administration) 425
	FEA (finite element analysis) 484-487
	femtosecond laser 137
	Fe-to-Ti welding 219-226
	fibrosis 557
	finite deformations 478-479
	finite element method 509-517
	finite element model 428, 468
	first-order optimization 428
	flex connectors 523
	flexibility tests 544
	flex-spline 600-601
	flexural deformation 115-116
	flexural load performance 116
	foams 201-206
	focused ion beam (FIB) 358
	folded-geometry actuators 574-577
	Food and Drug Administration (FDA) 425
	fractures 259
	free energy function 482-484
	free recovery method 53
	friction 65
	frictional energy 64
	fringe patterns 260-261
	full-field strain measurements 264
	fusion welding 219

	G
	gallium 101
	gas atomization 145, 192
	gas law constant 364
	gas tungsten arc welding (GTAW) 225
	Gianturco-Roubin Flex-Stent 520
	Gibbs free energy 261, 455, 491
	glass rods 643
	glass-transition temperature 564
	glucose sensors 556-557
	glutaraldehyde solution 381
	gold 2, 652
	goniometer 342
	Grado Zero Espace 614
	grafts 658
	grain size 92, 104, 259-265
	gratings 260
	grease-type metalworking lubricants 120
	green bodies 144
	gripper 495
	Gruentzig, Andreas 520
	GTAW (gas tungsten arc welding) 225
	Guidant Corp. 2
	guidewires 53, 109-118

	H
	habit plane 509
	halide salts 390
	Hank’s solution 394, 418
	hardness testing 332
	Harmonic Drive® gears 600-601
	Harms mesh 551-553
	heart valves 657
	heat transfer coefficient 597
	heat treatment 342-346, 439
	heat-affected zone (HAZ) 135, 137, 231-233
	Helmholtz free energy 480, 510, 511
	Hencky strain 479, 484
	heparin 652
	herniated lumbar disc 539-548
	herringbone martensite 307
	Heusler phase 24, 28
	high transformation temperature 158
	hot isostatic pressing (HIP) 144, 157, 173-181, 193
	human body temperature 322
	hydrogen 33-41, 45
	hydrogen embrittlement 34, 328
	hydrogen peroxide 379
	hydrolyzability 565
	hysteresis 59-66

	I
	ignition temperature 410
	implantable glucose monitor 556-557
	implants 341, 563-570
	impurity content 148, 177
	indentation hardness testing 332
	indenters 335-336
	ingot cast coating 161
	ingot rolled coating 161
	Institute for Biomechanics 544
	INSTRON 5500R machine 231
	instrumented indentation 332, 335-336
	insulin pumps 557-559
	interbody fusion device 549-553
	interferometer 260
	intervertebral disc 539-541
	irradiation 349-356
	isothermal shape memory. See superelasticity
	isotropic strain energy 511

	J
	JAMP-30 Auger system 418
	joints 209-216
	Joule effect 465

	K
	Kapton 674-680
	Keyence vision system 53-56
	kinematics 476
	Kirchhoff stress 478, 480
	Kirkendall effect 358
	Kroll process 391

	L
	LabVIEW software 465, 641
	LabView® control software 60
	Lagrangian strain 477, 510, 511
	Lamé constants 484
	lamellar microstructures 707-709
	laser beam welding 230
	laser cutting 239-244
	laser machining 135-140
	laser micromachining 521
	laser micrometers 53
	laser welding 219-226, 229-237, 641
	lattice misfit 24-31
	Leybold Trivac roughing pump 684
	liquid polyimide 643
	load cells 252
	load displacement 263
	loading plateau strength 111-112
	loading plateau stress 111
	loads 211
	localized transformations 670
	logarithmic strain 477
	low pressure plasma spraying (LPSS) 153-161
	low pressure thermal spraying (LPTS) 153-161
	low transformation temperature 159
	low-pressure wire arc-spraying (LPWAS) 164-169
	lubricants 120-121
	Lüders bands 274
	lumbar region 532

	M
	machine vision systems 53-56
	machining 439
	macrodimethacrylates 567
	macrodiols 567
	magnetic shape memory alloys 101
	magnetron 640, 644, 685-686
	manganese 101
	martensites 43-52
	martensitic transformations 464
	Materials by Design approach 24
	MATLAB 334
	MATLAB/SIMULINK® model 598-600
	Matthiessen’s rule 353
	MBE (molecular beam epitaxy) 714
	mean strain 298-300
	mechanical fatigue 438
	mechanical properties 150, 311
	mechanical shock cycling 624-625
	medical devices 425
	Medinol 521
	MELAS (Multilineaire Elastic Material Laws) 468
	melting temperature 564
	Memotherm stent 523
	MEMS (micro-electro-mechanical systems) photolithography 702
	MEMS (micro-electro-mechanical-systems) photolitography 640, 646
	Messphysik Materials Testing 249
	Messphysik video extensometer 465
	metal injection molding (MIM) 143-151
	micro indents 664-666
	microblasting 385
	microcatheters 648
	microcracking 307-308
	micro-emulsions 121
	microfocus X-ray diffraction 664
	micromachining 135-140, 605
	micro-plasma welding 225
	micropumps 605-612
	MicroStent II 522
	microstructures 701-710
	microvalves 605-612
	microvoid coalescence 323
	MIM (metal injection molding) 143-151
	Mini Bionix test system 312
	minimal access surgery 549-553
	Moiré interferometry 260, 265
	molecular beam epitaxy (MBE) 714
	monocrystals 475
	monomers 565
	Moscow Steel and Alloy Institute 248
	Moss Miami constructs 534
	motion of body 476
	MTS 858 Mini Bionix test system 312
	MTS-810 Universal testing machine 465
	multiaxial loading 267-275
	multi-layer sputtering 645-647, 693-700
	Multilineaire Elastic Material Laws (MELAS) 468
	MultiLink stent 522
	multiple-layer planar sputtering 640
	Mylar loop 456

	N
	nanodispersion 23-31
	nanoindentation 332, 661-671
	nanomuscles 574
	nanotechnology 651-660
	Nanoval (Germany) 145
	Nd:YAG laser 135, 221, 641
	NDP (neutron powder diffractometer) 332
	needle/wire locators 444-446
	neointimal hyperplasia 652
	netpoints 564, 567
	neutral zone (NZ) 544
	neutron diffraction 332
	neutron fluence 352
	neutron irradiation 349-356
	neutron powder diffractometer (NPD) 332
	neutron-flux density 353
	Newton-Raphson method 494
	nickel 7, 44
	nickel titanium. See Nitinol
	Ni-Mn-Ga alloys 101-107
	NIR stent 522
	NiTi alloys
	NiTi foams 201-206
	NiTi/Inconel welding 236-237
	NiTi/Monel 400 welding 234-235
	Ni-Ti-Al alloys 23-31
	NiTiCu alloys 714-721
	NiTiFe button melts 335
	Nitinol 1-5
	Nitinol devices
	Nitinol Devices and Components, Inc 342
	Nitinol plates 342-346
	Nitinol tubes 342-346
	Nitinol wires
	Nitinol-DFT®-Platinum composite wires 109-118
	nitrogen 45, 175
	non-contact testing system 53-56
	non-metallic inclusions 7
	notches 259-265
	nucleation sites 277, 280
	numerical simulation 475-487, 489-499, 509-517

	O
	occluders 658
	oil-based metalworking lubricants 120
	open circuit potential (OCP) 381, 394
	open-cell NiTi foams 201-206
	optical profilometer 663
	optimization 427
	order-recovery activation energy 353
	orthopaedics 549-553
	orthorhombic martensite structure 101
	outsourcing 440
	overload stress 323
	oxidation 357-365, 367-373
	oxidized silicon wafer 640
	oxygen 7, 45, 175

	P
	paclitaxel 527, 652
	palladium 2-3
	Palmaz, Julio 520
	Palmaz-Schatz stent 520
	pantograph 251
	parametric model 426, 427
	PE 4450 production sputtering system 684
	pedicle screws 532
	percutaneous heart valves 657
	Perkin Elmer 4450 sputtering system 644-645
	phase composition 175-176
	phase equilibrium 34
	phase shifting 261
	phase transformation 352
	phase transition temperature 352
	phase-shifted Moiré interferometry 265
	phosgene 565
	phosphoric acid 379
	photolithography 678
	photomask plates 646
	photoresists 644, 646
	photosets 566
	piezoelectric transducer 715
	pin displacement 263
	Piola-Kirchhoff stress 510
	pitting corrosion 385-392
	PLAIN STRIP spinal implant design 549-553
	plasma spraying 153
	plastic deformation 289
	plasticity 455, 501-505
	plateau stress 316
	platinum 2-5
	Poisson ratio 251, 254, 336, 715
	Poisson strain 274
	polar decomposition 476
	polarization 367-373, 393-398
	pole figures 344-345
	polishing 439
	polycaprodioxanone 565
	polycaprolactone 566
	polycrystals 475
	polydimethacrylate 567
	polydioxanone 565
	polyesters 565
	polyimide coating 643
	polyimides 673-681
	polylactic-co-glycolic acid (PLGA) 557
	polymer networks 563-570
	polytetrafluoroethylene 652
	polyurethane foams 201-206
	pore analysis 167
	porosity 167
	porous NiTi alloys 409-414
	Porvair Fuel Cell Technology Corp. 202
	potential energy 491
	potentiodynamic polarization 385
	potentiostat 394
	powder metallurgy 143, 183-188, 192-193, 410
	power circuits 560-561
	prealloyed powder 173-181
	precipitation 67-71
	Pro/Mechanica 249
	product design 438
	profilometer 663, 684
	programming 564-565
	prototyping 435
	pseudoelasticity 196, 693-700
	Puel, Jacques 520

	Q
	quality control 439-440
	quarrying 629
	quenching 92-95

	R
	radial resistive force (RRF) 455-457
	radiopacity 1-5
	radiopaque wire 109-118
	range of motion (ROM) 544
	rate constant 364
	recovery stress 465-472
	recovery stress generation tests 465
	reference temperature 482
	renal arteries 652
	repassivation potential 394-397, 418
	representative volume element (RVE) 490-492
	resistance welding 641
	resistivity 353-355
	restenosis 520
	reverse transformation 94
	Richter, Kobi 521
	rock splitting system 629-637
	Rodrigues formula 513
	rolling 342-346, 640
	rotary actuators 578
	rotary drive system 600-602
	rotation tensor 476, 513-514
	R-phase 69-70, 149
	RVE (representative volument element) 490-492

	S
	salt pot 439
	sample orientation distribution (SOD) 345-346
	saturated calomel electrode (SCE) 394
	SAWs (surface acoustic waves) 715
	scanning electron microscope (SEM) 358, 641
	scanning tunneling microscopy (STM) 718
	scoliosis correction system 529-537
	secondary electron imaging (SEI) 358
	Seiko DSC 220C calorimeter 231
	self-expanding stents 53, 526
	self-ironing shirt 614
	self-propagating high-temperature synthesis (SHS) 73-79, 409-414
	SEM (scanning electron microscope) 358, 641
	semisynthetic lubricants 121
	shape control actuation 677-680
	shape memory alloys 713
	Shape Memory Applications, Inc. 662
	shape memory effect 43-52
	shape memory fabric 613-616
	shape memory polymers 563-570
	shape memory wires 583-592, 595-603
	sharp indenters 335
	sheath stress hysteresis 113
	SHS (self-propagating high-temperature synthesis) 409-414
	Sievert’s law 34
	Sigwart, Ulrich 520
	silicon carbide 527
	silicon microneedles 555
	silicon oxide 605-612, 640
	silicon-on-insulator (SOI) wafers 606
	silk-screen lithography 678
	simulation 475-487
	SIMULINK® model 598-600
	single element test 504
	sintering 146
	sirolimus 527, 652
	sliding plane actuators 577-578
	smart fabrics 613-616
	smart materials 191
	SMART Therapeutics 639
	SMART® stents 312, 523
	smears 388
	soap-based lubricants 121
	sodium hypochlorite 377-378
	SODs (sample orientation distributions) 345-346
	soldering 209-216
	solid-state lasers 136-137
	solubility 34
	soluble oils 121
	solution heat treatment (SHT) 278
	solvent stability 565
	Special Metals Co. 464
	Special Metals Corp. 3, 156, 165, 202
	specific damping capacity 286-291
	spherical indenters 335, 669
	spin tensors 477
	spinal implants 549-553
	spinal surgery 549-553
	splitter heating system 630
	spondylolistheses 535-536
	Sporox solution 379
	spring-biased rotary actuator 578
	sputter deposition 673-681, 683-690
	sputtering 639
	stainless steel 437
	Stanford Synchrothron Radiation Laboratory (SSRL) 267
	static loads 211
	Steel Research Group 24
	Stellite 21 coating 161
	stent grafts 657
	Stent, Charles R. 520
	stents 426-427
	stents (continued)
	STEPPED STRIP spinal implant design 549-553
	stepping drive 602
	stiffness 545
	STM (scanning tunneling microscopy) 718
	stone extractors 425
	Stoney’s formula 715
	strain 393-398
	strain fatigue 303-309
	strain-cycle analysis 296-298
	stress concentration 463-472
	stress hysteresis 112-114, 589
	stress induced martensite (SIM) 110
	stress-strain curves 150, 313, 468, 592
	stress-temperature cycles 715-716
	stretch tensors 476
	stringers 7
	sub-problem approximation method 427
	sub-surface reservoirs 385, 390
	superelasticity 43-52, 693-700
	surface acoustic waves (SAWs) 715
	surface analysis 411-412, 418
	surface particulates 399-407
	surface passivity 385
	surgical grafts 658
	synchrotron X-ray diffraction 267-275, 333-334

	T
	tantalum 2
	TEM (transmission electron microscopy) 715
	temperature 591
	tensile loading 269-274
	tensile tests 167, 180-181
	tensile ytesting 223
	tensorial force of orientation 492
	tensors 476
	ternary alloys 2-5
	tetragonal martensite structure 101
	textiles 613-616
	texture analysis 513-515
	textures 341-346
	thermal chambers 252
	thermal cycling 59-65
	thermal expansion 598
	thermal recovery ratio 664
	thermal shape 437
	thermal spraying 153-161, 163, 168
	thermal transition temperature 564-565
	thermocouples 465
	thermodynamics 261, 455, 479
	thermomechanical behavior 195, 463-472
	thermomechanical coupling 481-482
	thermomechanical treatment (TMT) 169, 278
	thermoplastic elastomers 565-566
	thin films 673-681
	three-dimensional thin film 639-649
	Ti-Al-V alloys 293
	Ti-Mo-V-Nb-Al alloys 81-89, 417-423
	Ti-Nb-Sn alloys 91-97
	TiNi alloys 73-79
	TiNiH stoichiometric phase 34
	TiNiHF alloy 683-690
	TiNiPd alloy 683-690
	titanium 385
	titanium dioxide 357
	titanium sponge 7, 44
	torque transducers 286
	torsional loading 269-274, 285-291
	total strain 490
	transformation
	transformation temperatures 101-107
	transformational elasticity 661-671
	transition temperature 564-565
	transmission electron microscopy (TEM) 715
	tribology 661-671
	tube-to-tube drawing 120
	tube-to-tube pilgering 120
	tumbling 385

	U
	ultimate tensile strength 112
	UMAT (User-defined Material Subroutine) 501-505
	uniaxial loading 274
	uniaxial testing 249-251
	unloading plateau strength 112
	Upilex 674-680

	V
	vacuum arc remelting 3, 8, 15-21
	vacuum fusion test method 35
	vacuum induction melting 3, 15-21, 230
	vacuum plasma spraying 164-165
	vacuum pumps 154
	vacuum skull melting 8
	Van Arkel-deBoer process 8
	vanadium 418
	vascular stents 520
	vasculature, loss of 557
	vein grafts 652
	velocity gradient 476-477
	venous valves 658
	vertebrae 529-530, 540
	vertebral column 540-542
	Vickers indenters 335, 663-669
	video extensometer 249, 465
	voltage 590
	von Mises strain 254
	von Mises stress 252-256, 262

	W
	Wallstent 523
	water atomization 192
	water-miscible fluids 120
	wavelength dispersive X-ray spectrometer (WDS) 685
	weld metallography 223-224
	welding 640, 641
	Wiktor stent 520
	wire arc spraying 155-156, 164-169
	work-conjugacy relation 477-478
	work-recovery ratio 666

	X
	X-ray diffraction 35-37, 333-334
	X-ray photoemission spectroscopy (XPS) 411, 717
	X-ray pole figure goniometer 342

	Y
	Young’s modulus 332, 715, 719

	Z
	zero-order method 427
	Zwick tensile test machine 167





