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A B S T R A C T

Recent years have seen tremendous advances in the field of hydrogel-based biomaterials. One of the most
prominent revolutions in this field has been the integration of elements or techniques that enable spatial
and temporal control over hydrogels’ properties and functions. Here, we critically review the emerging
progress of spatiotemporal control over biomaterial properties towards the development of functional
engineered tissue constructs. Specifically, we will highlight the main advances in the spatial control of
biomaterials, such as surface modification, microfabrication, photo-patterning, and bioprinting, as well
as advances in the temporal control of biomaterials, such as controlled release of molecules,
photocleaving of proteins, and controlled hydrogel degradation. We believe that the development
and integration of these techniques will drive the evolution of next-generation engineered tissues.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Recent advances in biomaterials have allowed for deeper
understanding of fundamentals of cell biology and fueled further
development of novel pharmacological ex vivo models by
recapitulating native physiological processes [1]. Moreover, bio-
materials play a fundamental role in tissue engineering, which is
aiming to fabricate living replacements to restore the functions of
affected tissues and organs. The last decades have underlined the
essential role of biomaterial design and engineering to improve the
function of engineered tissue constructs [2]. Here, we critically
review the emerging progresses of spatiotemporal control over
biomaterial properties towards advanced biomaterials that facili-
tate the development of functional tissue-engineered constructs.

Traditionally, research directions on biomaterials have centered
on the development of biomaterials with novel compositions and
properties [3]. In parallel, an intense effort has been made towards
the chemical modification of known biomaterials to endow them
with improved performance or specific new functions. Moreover,
conventional research has focused on the static behavior of
biomaterials, while recent findings suggest that spatial and
temporal control of biomaterials provides unique opportunities
to recapitulate the dynamic nature of the microenvironments in
native tissues, which play a key role in controlling cell behaviors
and functions.

In addition to advances in biomaterial chemistry, numerous
engineering techniques have also been developed to fabricate
biomaterial constructs with unique spatial modifications and

complex architectures [4]. We review the recent developments in
biofabrication techniques including, but are not limited to,
micromolding, photolithography, and spinning techniques for
the fabrication of spatially defined biomaterials. The use of
constructs fabricated with these technologies has revealed how
the geometrical and topological factors of scaffolds can influence
the proliferation, migration, and differentiation of cells in contact
with engineered scaffolds. Also, we introduce the recent rapid
developments in three-dimensional (3D) bioprinting techniques,
which have provided practical methods for fabricating biomate-
rials into relevant sizes, shapes, and compositions for regenerative
medicine [5].

We also review the recent achievements in temporal control
over biomaterials. While conventional approaches have focused on
controlled release of growth factors and drugs, recent studies have
been dedicated to transforming passive and static scaffolds into
responsive and dynamic matrices [6]. For example, cell-adhesive
peptides can be presented in synthetic matrices upon on-demand
photo-activation with precise spatial control, while biophysical
characteristics such as matrix elasticity or stiffness can also be
dynamically changed. Such new approaches are expected to play a
major role in recapitulating the unique dynamic features of native
extracellular matrix (ECM) to direct multistep biological processes,
such as stem cell differentiation and functional tissue regenera-
tion.

We conclude by providing a perspective on the future
challenges and opportunities in the development of biomaterials
for tissue engineering applications. Specifically, we discuss the
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