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Foreword

This publication, Stainless Steels for Medical and Surgical Applications, contains papers presented
at the symposium of the same name, held in Pittsburgh, Pennsylvania, on May 6 and 7, 2002. The
symposium was sponsored by ASTM Committee FO4 on Medical and Surgical Materials and
Devices. Gary L. Winters of Cedar Creek, Texas, and Michael J. Nutt of Spinal Innovations, in
Bartlett, Tennessee, presided as symposium chairmen and are editors of the resulting publication.

The editors would like to express their appreciation for the help provided by Markus Windler from
Sulzer Orthopaedics, Winterthur, Switzerland, in promoting initially the need for such a symposium
and in encouraging participation by several European research groups.

We, of course, want to thank all the authors who contributed to the research presented at the sym-
posium and, in particular, we would like to thank the presenters, some of whom made the effort and
sacrifice to travel to the United States from Brazil, France, Germany, Sweden, Switzerland, and the
United Kingdom in order to attend the symposium.

We would also like to express our thanks to the ASTM staff that helped make the symposium and
publication possible: most notably Dorothy Fitzpatrick for her help with the symposium planning and
Maria Langiewicz for the handling of manuscript submission and review. We are also indebted to all
the reviewers who volunteered their time and expertise for their careful consideration and critique of
the manuscripts.

Gary L. Winters
Cedar Creek, Texas, USA

Michael J. Nutt
Spinal Innovations,
Bartlett, Tennessee, USA



Contents

OVERVIEW

ALLOY DESIGN, MECHANICAL PROPERTIES

Characterization of Sandvik Bioline High-N—A Comparison of Standard Grades
F1314 and F1586—CHRISTINA HARALDSSON AND STEPHEN COWEN

X 15 T.N:™ A New Martensitic Stainless Steel for Surgical Instruments—
NICOLAS PEROT, JEAN-YVES MORAUX, JEAN-PAUL DICHTEL, AND BRUNO BOUCHER

Development of a Platinum-Enhanced Radiopaque Stainless Steel (PERSS®)—
CHARLES H. CRAIG, HERBERT R. RADISCH, JR., THOMAS A. TROZERA, PAUL C. TURNER,
R. DALE GOVIER, EDWARD J. VESELY, JR., NEV A. GOKCEN, CLIFFORD M. FRIEND,
AND MICHAEL R. EDWARDS

Mechanical and Corrosion Properties of Forged Hip Stems Made of High-Nitrogen
Stainless Steel—MARKUS WINDLER AND RAINER STEGER

Metallurgical and Mechanical Evaluation of 316L Stainless Steel Orthopaedic Cable—

JOHN A. DISEGI AND LYLE D. ZARDIACKAS

PROCESSING, QUALITY ASSURANCE CONCERNS, AND MRI TESTING

Processing Platinum Enhanced Radiopaque Stainless Steel PERSS®) for Use as
Balloon-Expandable Coronary Stents—J. ZACHARY DENNIS, CHARLES H. CRAIG,
HERBERT R. RADISCH, JR., EDWARD J. PANNEK, JR., PAUL C. TURNER, ALBERT G. HICKS,

MATTHEW JENUSAITIS, NEV A. GOKCEN, CLIFFORD M. FRIEND, AND MICHAEL R. EDWARDS

Quality Aspects of High-Nitrogen Stainless Steel for Surgical Implants—
MARKUS WINDLER, RAINER STEGER, AND GARY L. WINTERS

MRI Safety and Compatibility of Implants and Medical Devices—TERRY 0. WOODS

ix

13

28

39

50

61

72

82



CORROSION

Fatigue of Small Bone Fragment Fixation Plates Made from Low-Nickel Steel—
LUKAS ESCHBACH, GIANNI BIGOLIN, WERNER HIRSIGER, AND BEAT GASSER

Comparison of Anodic Polarization and Galvanic Corrosion of a Low-Nickel Stainless
Steel to 316LS and 22Cr-13Ni-5Mn Stainless Steels—LYLE D. ZARDIACKAS,
SCOTT WILLIAMSON, MICHAEL ROACH, AND JAY-ANTHONY BOGAN

Fatigue Behavior and In-Vitro Biocompatibility of the Ni-Free Austenitic
High-Nitrogen Steel X13CrMnMoN18-14-3—ILI1A TIKHOVSKI, HOLGER BRAUER,
MARTINA MOLDERS, MARTIN WIEMANN, DIETER BINGMANN, AND ALFONS FISCHER

Influence of Macrophage Cells on 316L Stainless Steel Corrosion—SUZANNE H. PARKER,
HSIN-YI LIN, LYLE D. ZARDIACKAS, AND JOEL D. BUMGARDNER

Comparison of Notch Sensitivity and Stress Corrosion Cracking of a Low-Nickel
Stainless Steel to 316LS and 22Cr-13Ni-5Mn Stainless Steels—
LYLE D. ZARDIACKAS, MICHAEL ROACH, SCOTT WILLIAMSON, AND JAY-ANTHONY BOGAN

Comparative Electrochemical Studies of F 1586-95 and F 138-92 Stainless Steels in
Sodium Chloride, pH = 4.0 Medium—RUTH F. V. VILLAMIL,
ARNALDO H. P. DE ANDRADE, CELSO A. BARBOSA, ALEXANDRE SOKOLOWSKI,
AND SILVIA M. L. AGOSTINHO

Corrosion Behavior of Platinum-Enhanced Radiopaque Stainless Steel (PERSS®) for
Dilation-Balloon Expandable Coronary Stents—BERNARD S. COVINO, JR.,
CHARLES H. CRAIG, STEPHEN D. CRAMER, SOPHIE J. BULLARD,

MARGARET ZIOMEK-MOROZ, PAUL D. JABLONSKI, PAUL C. TURNER,
HERBERT R. RADISCH, JR., NEV A. GOKCEN, CLIFFORD M. FRIEND,
AND MICHAEL R. EDWARDS

Comparison of Corrosion Fatigue of BioDur® 108 to 316L S.S.
and 22Cr-13Ni-5Mn S.S.—LYLE D. ZARDIACKAS, MICHAEL ROACH,
SCOTT WILLIAMSON, AND JAY-ANTHONY BOGAN

WEAR AND CORROSION-RELATED WEAR

Investigation into Wear-Induced Corrosion of Orthopaedic Implant Materials—
MARKUS WINDLER, JULIE E. MACDOUGALL, AND ROLF SCHENK

Results of In-Vitro Studies about the Mechanism of Wear in the Stem-Cement
Interface of THR—DIETER WIRZ, BRUNO ZURFLUH, BEAT GOPFERT, FENG LI,
WILLI FRICK, AND ERWIN W. MORSCHER

Fretting and Anedic Current of the Taper Interface of Stainless Steel Hip
Stems/Cobalt-Chromium Femoral Heads—MENGKE ZHU AND MARKUS WINDLER

93

107

119

137

154

168

176

194

211

222

235



CLINICAL EXPERIENCE

The Cemented MS-30 Stem in Total Hip Replacement, Matte versus Polished Surface:
Minimum of Five Years of Clinical and Radiographic Results of a Prospective
Study—BERNHARD BERLI, REINHARD ELKE, ERWIN W, MORSCHER

Corrosion Products Generated from Mechanically Assisted Crevice Corrosion of
Stainless Steel Orthopaedic Implants—ROBERT M. URBAN, JOSHUA J. JACOBS,
JEREMY L. GILBERT, ANASTASIA K. SKIPOR, NADIM J. HALLAB, KATALIN MIKECZ,
TIBOR T. GLANT, J. LAWRENCE MARSH, AND JORGE O. GALANTE

Author Index

Subject Index

249

262

273

275



Overview

The Symposium on Stainless Steels for Medical and Surgical Applications undertook to bring to-
gether, at one time, current research and development, recent clinical experience, and the substantial
history of stainless steels in medical applications. This was done with the expressed purpose of bring-
ing the attendees and participants of the symposium up to date on the current status of the latest tech-
nologies and to provide the most current information. Ultimately, this new information may stimu-
late further research and technical developments in the application of stainless steels for implantable
medical devices and surgical instruments.

This Special Technical Publication (STP) furthers the aims of the symposium by documenting the
entirety of the body of research that was presented in 20-minute synopses during the symposium. This
information, which has not been previously published, is to be made available not only to the atten-
dees and participants of the symposium, but also to the general public. In this manner, the informa-
tion in the symposium can be distributed more widely and be more helpful in furthering research and
technical developments in the application of stainless steels for implantable medical devices and sur-
gical instruments.

This publication will be helpful to individuals engaged in the development of stainless steels for
implant applications, or instrument applications in particular. It will also be of interest to other indi-
viduals, who are developing, making, or using implantable medical devices and/or surgical instru-
ments in general. This publication may make both of these groups aware of alloys, testing, or appli-
cations that they had not previously considered.

This new information can stimulate new research or technical innovations. This information can
also be used by individuals to contact researchers or producers with similar interests. Finally, this in-
formation may become part of the justifications for device approval by regulatory bodies, and for cre-
ation of material specifications by standards writing bodies, which can benefit producers, users, and
regulatory bodies.

This publication addresses some of the issues in the medical uses of stainless steels, such as cor-
rosion, wear, biological response, radiopacity, and the high cost of medical products. New alloys are
discussed as solutions to some of these issues by offering more biocompatible, higher quality, ra-
diopaque, or low cost alternatives for orthopaedic implants and stents. Several corrosion papers ad-
dress this key concern for all medical devices. Some of these papers offer creative options for this
field. Finally, there are other papers that deal with such timely issues as injuries due to the interaction
of implants and MRI examinations.

This symposium covered a wide range of topics on stainless steels, with most of the presentations
dealing with narrow segments of a specific topic. Therefore, a single theme of the presentations may
be that work on stainless steels for medical uses continues and that stainless steels may be part of the
answers for some of the issues facing the surgical community today, such as biological response, cor-
rosion resistance, mechanical performance, quality, and cost.

Certainly, iron-base alloy systems offer excellent opportunities as implant and instrumentation al-
loys in the medical field to satisfy special needs such as radiopacity, wear resistance, superior me-
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chanical properties, or freedom from allergic responses. As such, work should continue on increas-
ing the corrosion resistance and mechanical properties of stainless steels, as well as the product forms
and applications, while decreasing cost and any negative biological responses.

Gary L. Winters
Cedar Creek, Texas

Michael J. Nutt
Spinal Innovations
Bartlett, Tennessee
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