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A review of recent advances in instrumental methods and techniques for structural and physicochemical character-
ization of biomaterials and bone tissue is presented in this paper. In recent years, biomaterials attracted great atten-
tion primarily because of the wide range of biomedical applications. This paper focuses on the practical aspects of
instrumental methods and techniques that were most often applied (X-ray methods, vibrational spectroscopy (IR
and Raman), magnetic-resonance spectroscopy (NMR and ESR), mass spectrometry (MS), atomic absorption spec-
trometry (AAS) and inductively coupled plasma-atomic emission spectrometry (ICP-AES), thermogravimetry (TG),
differential thermal analysis (DTA) and differential scanning calorimetry (DSC), scanning electron microscopy
(SEM), transmission electron microscopy (TEM)) in the structural investigation and physicochemical characteriza-
tion of biomaterials and bone tissue. The application of some other physicochemical methods was also discussed.
Hands-on information is provided about these valuable research tools, emphasizing practical aspects such as typical
measurement conditions, their limitations and advantages, interpretation of results and practical applications.
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1. Introduction

Biomaterials include a broad class of materials that are used in med-
icine and dentistry such as:metallic biomaterials, ceramic and glass bio-
materials, non-degradable synthetic polymers, biodegradable polymers,
bio-derivative polymers as well as passive and bioactive coatings [1,2].
The biocompatibility, mechanical properties, absence of toxicity of bio-
materials or their degradation products are the most important charac-
teristics for biomaterials applications. Biomaterial characterization is
based on the combination of theoretical and experimental methods
and successive experimental testing, which indirectly leads to the
spread of relevant scientific knowledge through the establishment of
universally accepted model phenomena in particular materials, which
then enables their practical applications. Existing experimental instru-
mental techniques for characterization of biomaterials could be divided
into methods for characterization of spatial structure, measurement of
surface characteristics, and determination of the composition and struc-
ture of biomaterials, phase transformations and molecular weight

distribution [3]. Structural characterization of biomaterials is of great
importance in preparation of scaffolds that are widely used in tissue en-
gineering [1–3]. To date, the field of tissue engineering has the great
success, especially in the area of bone tissue, where tissue-engineered
constructs have been used successfully in patients. The research is fo-
cused on the development of materials with, for example, bio-instruc-
tive and stimuli-responsive properties [4]. In this paper, instrumental
methods and techniques that can be used for characterization of differ-
ent biomaterials and bone tissue are summarized (Fig. 1).

Over past years, significant progress has been made in the develop-
ment of biodegradable polymeric materials. The biomedical applications
of thesematerials, demands specific physical, chemical, biological, biome-
chanical and degradation properties [5].

A comprehensive systematic review which includes a large number
of methods that can be applied for the characterization of biomaterials
and bone tissue widely used in biomedical applications could be very
valuable for gaining better insight into the advantages and shortcom-
ings of particular techniques and usefulness of the obtained results.

Fig. 1. Various techniques for biomaterials characterization.
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