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Preface

Bioactive glasses and glass-ceramics are a versatile class of biocompatible materials that have an
astonishing impact in biomedicine. There is a long successful history in the synthesis, character-
ization, and utilization of these man-made materials. Generally, the expertise of researchers and
scientists working in materials science, tissue engineering, biology, and medicine are required for
producing the “best” glass and glass-ceramic formulations with optimized properties in favor of
tissue repair and regeneration.

The first and foremost application of such biomaterials is addressed to treat hard tissue damages
and injuries because of their inherent characteristics such as stiffness and bone-bonding ability.
Bioactive glasses were first invented by Professor Larry L. Hench at the University of Florida
more than half a century ago in 1969. The original bioactive glass, designed in a silicate system
with a composition of 45SiO2–24.5Na2O–24.5CaO–6P2O5 (wt%), was initially developed to meet
the need for bone replacement of injured soldiers returned from the Vietnam War. Since then,
a huge number of other compositions and bioactive glass-based products have been proposed
and introduced into the market for managing hard tissue diseases and disorders. PerioGlas® and
BonAlive® are two well-known synthetic bone grafts based on bioactive glasses with admirable
success in the clinic. Over the last couple of decades, other types of bioactive glasses, including
phosphate- and borate-based glasses, have been developed and applied for treating a wide range of
tissue damages, including soft tissue injuries. In this regard, RediHealTM, a borate-based bioactive
glass, is currently being used for managing wounds in animals and is awaiting for getting Food
and Drug Administration (FDA) approval for practicing in humans suffering from slow-healing
wounds (e.g. diabetic foot ulcers).

The main advantages of bioactive glasses are associated with their exceptional versatility in terms
of composition–property relationships, controlled crystallized that can dictate the physicochemi-
cal and mechanical characteristics, and inherent ability to attach to both hard and soft tissues.
Specifically, the ability to bond to living bone is related to the formation of a nano-crystalline
hydroxyapatite layer, similar to bio-apatites, on the surface of bioactive glasses after exposure to
body fluids. From a biological point of view, bioactive glasses cause no short- and long-term adverse
effects on human cells, tissues, and organs; therefore, they are generally identified as biocompatible
substances in biomedicine. Bioactive glasses are considered the osteoconductive and osteoinduc-
tive materials as they can provide a suitable substrate for adhesion and growth of bone-forming
cells as well as induce osteoprogenitor cells to differentiate toward osteogenic lineages. In addition,
bioactive glasses exhibit antibacterial, anti-inflammatory, and pro-angiogenic activities in vitro and
in vivo. On this matter, a broad range of therapeutic ions (e.g. silver [Ag+] and copper [Cu2+]) are
incorporated into the basic compositions of bioactive glasses to improve their biological perfor-
mances imparting extra-functionalities, like antibacterial and pro-angiogenic properties. Indeed,
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xviii Preface

the release of therapeutic ions from bioactive glasses allows their usage as drug delivery vehicles
for biomedical strategies. Recently published scientific reports emphasize the therapeutic capacity
of bioactive glasses in battling against different types of cancers, especially those associated with
hard tissues. On this point, mesoporous bioactive glasses possess an added value since their inher-
ently nano-textured structure also provides a suitable platform for the incorporation and controlled
delivery of a wide range of anti-cancer drugs to desired sites. With the advent of three-dimensional
(3D) printing or additive manufacturing, the fabrication of 3D constructs based on or containing
bioactive glasses and glass-ceramics offers a plethora of advantages, including improved mechani-
cal strength and biological performance.

The present book aims to provide an updated understanding of biocompatible glasses and
glass-ceramics based on current evidence in the literature and draw their future in the fields of
biomaterials and tissue engineering. Basic aspects of bioactive glasses and glass-ceramics along
with their fabrication routes and the latest processing strategies (e.g. additive manufacturing,
laser treatments) are well-discussed from a materials science point of view. Besides, the biological
effects of glasses and glass-ceramics have been considered on the living systems (in vitro and in
vivo) as well as the current market needs and clinical challenges. The pros and cons of mesoporous
bioactive glasses are argued in terms of drug delivery systems in relevant chapters. From a tissue
engineering point of view, the regenerative capacity of different types of bioactive glasses and
glass-ceramics has been reviewed in connection with hard (e.g. bone and teeth) and soft (e.g.
skin) tissue healing. Moreover, hopes raised by these synthetic biomaterials in the treatment of
malignancies have been well explored to shed light on their possible roles in the next-generation
therapies. We hope that the present book is beneficial for the potential readership working
in a broad community, who has a scientific background ranging from materials science and
bioengineering to medicine and tissue engineering.

Politecnico di Torino, Turin, Italy
Mashhad University of Medical Sciences, Mashhad, Iran

Francesco Baino
Saeid Kargozar

March 26, 2022
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