
Review

Metallic implant drug/device combinations for controlled drug release in
orthopaedic applications

Jessica A. Lyndon a, Ben J. Boyd b, Nick Birbilis a,⁎
a Department of Materials Engineering, Monash University, Wellington Road, Clayton, Victoria 3800, Australia
b Drug Delivery, Disposition and Dynamics, Monash institute of Pharmaceutical Sciences, Monash University Parkville Campus, 381 Royal Pde, Parkville, Victoria 3052, Australia

a b s t r a c ta r t i c l e i n f o

Article history:
Received 28 October 2013
Accepted 27 January 2014
Available online 8 February 2014

Keywords:
Drug delivery
Metallic implant
Orthopaedic
Bioresorbable
Biocorrosion

The study of metallic drug/device combinations for controlled drug release in orthopaedic applications has
gained significant momentum in the past decade, particularly for the prevention and reduction of implant asso-
ciated infection. Such combinations are commonly based upon a permanent metallic implant (such as stainless
steel or titanium) and are then coated with a drug-eluting polymer or ceramic system. Drug elution is also pos-
sible from the implant itself by utilising metallic foams, porous architectures and bioresorbable metals. This re-
view will explore the current research into metallic implant drug/device combinations via a critical review of
the relevant literature.
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1. Introduction

Metal-based drug eluting systems have received little attention in
the literature in comparison to polymer-based systems; however they
do offer some unique advantages over polymer-based systems in local
drug delivery. This review is focused on current drug delivery systems
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that involve a combination of metallic implants and local drug delivery,
primarily for orthopaedic applications. A combination product is de-
fined by the US Food and Drug Administration (FDA) as a product com-
prised of two or more regulated components i.e.: drug/device, biologic/
device, drug/biologic or drug/device/biologic that are physically,
chemically or otherwise combined and produced as a single entity
[1]. The FDA has categorised combination products into 9 types, in-
cluding: prefilled drug or biologic delivery device/system, device
coated/impregnated/otherwise combined with drug or biologic,
drug/biologic combination or other type of combination product.
Examples of approved combination devices include transdermal
patches for the treatment of early Parkinson's disease and ADHD in
children, antibiotic bone cement and collagen with lidocaine for aes-
thetic use.

There are two standout applications for drug/device combination
products containing metallic devices: cardiovascular stents that elute
drugs to prevent restenosis and implants that deliver drugs to prevent
infection associated with orthopaedic and dental implants. Other appli-
cations of drug delivery associated withmetallic implants involve alter-
native delivery of drugs, for example the delivery of chemotherapeutics
to the brain from titania nanotube arrays on the surface of titanium im-
plants [2], delivery of eye drops frompolymer coating on titaniumwires
to the eye [3] and folic acid protected silver nanoparticles for cancer
therapy [4]. Drug delivery using metals is most commonly in the form
of embedding drugs into coatings applied to the metallic implant that
is either polymeric or ceramic in nature. Other methods involve incor-
poration of the drug itself to the implant surface via covalent bonding
[5–7], self-assembled monolayers (SAMs) [8], as well as embedding sil-
ver nanoparticles into the surface of titanium [9,10]. Metals themselves
can be used for delivering pharmaceutics via porous magnesium foam
or utilisation of the antimicrobial nature of somemetals including silver.
However to the best of our knowledge there has been no current re-
search into the possibility of resorbable metallic implants that can pro-
vide a route to drug delivery through the degradation of themetal itself.
This concept provides advantages as the implant can provide mechani-
cal support, deliver controlled (local) drug delivery, serve the functional
implant role, degrade and be resorbed in vivo. An added benefit of re-
sorbable implants is that more than one mode of drug release may be
employed. For example the resorbable implant can contain antibiotics
to stem infection long term, while a degradable coating can provide
short-term delivery of anti-inflammatory drugs. Thus, there are an
array of options and opportunities for the use of metallic based systems
for drug delivery, and this review provides a current state of the art in
this field.

1.1. Implant biomaterials

Materials implanted into the body are exposed to a relatively harsh
and dynamic environment that can also be corrosive to metals. Beyond
crystallography: the study of disorder, nanocrystallinity and crystallo-
graphically challenged materials with pair distribution functions [11].

Table 1
Important constituents and physical characteristics of extracellular fluid [14].

Constituent Normal value Normal range Approximate short-term
nonlethal limit

Oxygen (mm Hg) 40 35–45 10–100
Carbon dioxide (mm Hg) 40 35–45 5–80
Sodium ion (mmol/L) 142 138–146 115–175
Potassium ion (mmol/L) 4.2 3.8–5.0 1.5–9.0
Calcium ion (mmol/L) 1.2 1.0–1.4 0.5–2.0
Chloride ion (mmol/L) 108 103–112 70–130
Bicarbonate ion (mmol/L) 28 24–32 8–45
Glucose (mg/dl) 85 75–95 20–1500
Body temperature (°C) 37 37 18.3–43.3
Acid-base (pH) 7.4 7.3–7.4 6.9–8.0
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