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Article history: Remarkable advancements in material technologies have accelerated the use of many new materials and
Received 14 August 2017 their hybrids and composites in diverse applications. Among such available options, polymer nanocom-
Received in revised form posites are recognized to have the potential to bring future revolution, especially because of their flexible

12 November 2017
Accepted 20 March 2018
Available online 23 March 2018

functionalities and related advantages (e.g., good strength, large surface area to volume ratio, large flame
retardancy, high elastic modulus, enhanced density, and thermo-mechanical/optoelectronic/magnetic
properties). These nanocomposites have been successfully incorporated into diverse fields of applications
such as drug delivery, tissue engineering, gene therapy, food preservation, biosensing, and bioimaging.
Thus, the primary focus of this review is placed to give an integrated overview of polymer nanocomposites
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Biomedical application

along with their synthesis routes, surface treatment strategies, and applications in the healthcare sector

B@°§e“519g (e.g., drug delivery, 3D bio-implant, bioimaging, food processing, and other miscellaneous biomedical
Bioimaging applications). Our discussion also highlights future directions for this emerging field of research.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

At present, nanotechnology is flourishing in all disciplines
of science and engineering. Nanomaterials and nanocomposites
have been introduced in diverse applications, including medicine,
food packaging, tissue engineering, cosmetics, textiles, agricul-
ture, optoelectronic devices, automotive industries, and aerospace
engineering. Nanocomposites are popular at both the academic
and industrial levels due to their unusual properties, unique
design capacity, eco-friendly nature, easy fabrication, and cost-
effectiveness. The incorporation of nanoparticles into a matrix of
particular materials (either polymer, metal, or ceramics) further
upgrades their novel properties such as excellent mechanical sta-
bility (in terms of strength, toughness, flexibility, Young’s modulus,
dimension stability, etc.), good optical features, flame retardancy,
low water/gas permeability, and high electro-thermal conductivity.

Basically, nanocomposites are multiphase solid materials,
embedding one material with reinforcing phases (involving diverse
forms such as particles, sheets, and/or fibers) into other mate-
rials [1]. The properties of the nanocomposites are prominently
dependent on the toughness of the matrix and the potency of the
reinforcement [2]. Among the different nanocomposites, polymer
nanocomposites have attracted significant interest of numerous

researchers in the healthcare sector because of their significant
potential to advance engineering applications. The properties of
polymer nanocomposites are derived from the type of nanoma-
terials that are dispersed into the polymer matrix including the
concentration, size, shape, and interaction of nanomaterials with
the polymer matrix [3-5]. The polymer nanocomposites have thus
been utilized in diverse applications such as waste water treat-
ment [6,7], tissue engineering [8], electrochemical sensors [9,10],
drug delivery [11,12], food processing [13], transparent thin films
[14,15], and biomedical applications [16,17].

With the recent development in nanotechnology, the potent
role of nanomaterials has been explored widely in various fields
such as electrochemical sensing applications for the detection of
a variety of analytes including heavy metal ions [18-21]. In this
respect, the polymer nanocomposites-modified electrodes offered
unprecedentedly low detection limits (or high sensitivity) as well as
good selectivity for diverse analytes (e.g., cadmium, lead, arsenic,
and mercury) [22,23]. Along with such sensing applications, the
nanocomposites are also found to be very promising for the
effective removal of various pollutant species. Because of many out-
standing features (such as large surface area, free adsorption sites,
good interfacial reactivity of nanofillers, and outstanding phys-
ical/mechanical properties), their enhanced capabilities are also
recognized for effective removal of heavy metals and metalloids,
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