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a b s t r a c t

Metals, ceramics, polymers, and composites have been employed in joint arthroplasty with
ever increasing success since the 1960s. New materials to repair or replace human skeletal
joints (e.g. hip, knee, shoulder, ankle, fingers) are being introduced as materials scientists
and engineers develop better understanding of the limitations of current joint replacement
technologies. Advances in the processing and properties of all classes of materials are pro-
viding superior solutions for human health. However, as the average age of patients for
joint replacement surgery decreases and the average lifespans of men and women
increases worldwide, the demands upon the joint materials are growing. This article
focuses solely on advances in metals, highlighting the current and emerging technologies
in metals processing, metal surface treatment, and integration of metals into hybrid mate-
rials systems. The needed improvements in key properties such as wear, corrosion, and
fatigue resistance are discussed in terms of the enhanced microstructures that can be
achieved through advanced surface and bulk metal treatments. Finally, far reaching hori-
zons in metals science that may further increase the effectiveness of total joint replace-
ment solutions are outlined.
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1. Introduction

High performance materials have been one of the central enablers of joint replacement technology. While ceramics, poly-
mers, and metals have all been used in prosthetic joints, the focus of this work is on the longest enduring and most widely
used joint replacement material class: metals and their alloys. This paper examines the status of metals and alloys in current
joint replacement systems, as well as identifies the horizons of alloy technology that may appear in new orthopedic device
offerings in the coming years. These systems include orthotic and prosthetic appliances most commonly used to augment or
replace the function of the ankle, knee, hip, spine, shoulder, elbow, and fingers.

One of the most prominent demands that joint arthroplasty imposes on joint materials is the need for them to survive
relative motion via sliding and highly localized loads. Thus, wear and surface properties of joint replacement alloys are of
utmost importance. In Section 2, the history of joint replacement is reviewed, including the dependence of the evolution
of joint design on advancements in metals technology. The mechanical, physical, and biological properties that are most
important in joint replacement applications of metals and alloys are highlighted in Section 3. In Section 4, the major families
of alloys and the key characteristics of their microstructures that make them useful in current joint replacement systems are
systematically summarized. Section 5 focuses on current surface treatment and modification technologies, while Sections 6
and 7 then address emerging advances in alloy and manufacturing and finishing technologies that can enhance the perfor-
mance and increase the longevity of joint replacements. Combining insights from Sections 6 and 7, Section 8 then identifies
likely horizons for materials technology that may, in the long term, result in a completely new generation of joint replace-
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