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Commentary
The medtech sales have been improved since 2015, with around 5%
annual increase in the medical devices and technology globally. There
are expectations for such growth, which was $370 billion in 2015 to
reach $530 billion in 2022 [1]. Different medical devices are designed
for the treatment of different organs (e.g., lung, neurons, skin, heart
and bones), drug delivery, diagnostics and in the designing of surgical
devices. However, there is still a long journey for creating the materials
which can achieve the optimal properties for [1] the repairing of each
organ, [2] providing the optimum condition for the delivery of
different therapeutic molecules, whether this is locally or systemically,
[3] giving the most accurate results for diagnosis as well as [4]
providing the ideal properties for using in minimally invasive
surgeries.
There are different classifications of the bioactive materials: organic
and inorganic, amorphous and crystalline, macromolecules and
materials with simple structures, and natural and synthetic materials.
These include polymers, plastics materials, metals, ceramics and
glasses. Taking the latter two classes as examples; although they have
proven efficiency for using as bone implants, coatings, fillers and in
dentistry [2-4], their usage in soft tissue repair has started as well, but
still in the primary stages of development [5,6].

Choosing the Right Material for Medical Device
Designing
For the designing of a medical device, each composing material
should have certain characteristics, which should be in a harmony with
the final properties of the medical device as well the target application.
The manufacturing companies take into consideration the following
criteria as bases for choosing each material towards their targeted
applications [7]:
•
•

•

The first criterion is the availability of the material in sufficient
quantities for the mass production of the device to meet the market
needs.
The second one is the flexibility of the material towards a targeted
design, where the material can be needed in different forms (e.g.,
filaments, fibers, nanoparticles, etc.). For instance, the flexibility
can be achieved using certain types of polymers, which can be
processed as fibers, nano fibers, hydrogels, etc. towards certain
application [8,9]. The usage of bioactive ceramics or glasses can be
the best choice for others, especially in bone applications, which
require implantation of rigid structures [10-12]. Moreover,
bioactive glass-based fibers can be also designed for bone grafting
[13,14], and drug delivery [15].
The third criterion is the material cost. This includes the costs of
production, transportation, and amounts required for each device.
However, on deciding the best material from this point of view, a
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•

•

•

general look at the true lifecycle costs is essential. For instance, the
melting-quenching technique for bioactive glass synthesis requires
higher temperatures and energy than the sol-gel method; however,
the costs of chemicals used in the latter method are to somewhat
higher [16].
The fourth criterion depends on the matching between the
material properties and the required specifications of the designed
device. For instance, certain polymers with certain properties are
suitable for wound healing applications, and soft tissue repair;
while the usage of metals is efficient for bone healing. However,
through the recent improvements in the bio ceramics/glasses
design and modification, they have found different applications. In
fact, this is the most important factor which the biomaterials
researchers concentrate on. However, the other criteria should be
taken into account as well, especially for the further shifting to the
industrial production stage to guarantee the productivity of the
final medical devices.
The fifth criterion is the choosing of the trusted/certified materials
for the medical applications. Although the stage of research for
finding and optimizing the properties of the material is essential
for the development of medical devices industry, this criterion may
be of importance for shortening the period required for the device
approval.
The sixth criterion is the biocompatibility of the finally designed
device, as well as its components. It can be considered one of the
most important factors for selecting the material, where the
formation of any harmful products following the usage of the
device will lead to its failure [17]. Moreover, according to the type
of the device and its application, the sterilization method, as well as
the storage conditions, which can guarantee its optimum
biocompatibility, can be decided [18,19]. The biocompatibilities of
the different composing materials before and after processing are
assessed under certain protocols. Although the degradation
products of some biomaterials (e.g., synthetic polymers and
metals) in the body may induce some immune reactions and
device rejection may happen in severe cases, four main options can
solve these problems. The first one is the combination of the
polymer with a compatible material, so the severity of such
reactions can be reduced, especially if the outcome using this
polymer is desirable [20,21]. The second option involves the
further purification of the polymer before using in the device
manufacturing [22,23]. The third option is to replace it by another
compatible polymer, or other inorganic material which can provide
similar mechanical properties and outcomes. The last option is the
coating of the material (e.g., metal) with a biocompatible material
(e.g., bioactive ceramic/glass), so the compatibility can be
improved [24,25]. Moreover, the compatibility of the device is
tested, but this stage may take a long time for validation of the
sterilization efficacy and confirmation of compatibility.
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The seventh criterion is accordingly the used sterilization
technique, where every type of medical devices requires a certain
effective sterilization method, which can preserve the structure and
properties of the constituting materials as well. For instance, the
plastic medical devices may crack and loss their properties
following continuous autoclaving; while the metal devices don't.
However, the weight of the latter devices may increase and their
shapes may change.
The eighth criterion is the usability of the device. However, this is
only applied to the devices which are used without direct clinical
supervision.
The ninth criterion is the choosing of the material which can
guarantee efficient manufacturing.
The last criterion is the sustainability of the medical device, which
starts from the designing stage, choosing of the material, the
manufacturing method and its related economic issues, and finally
the disposal of the device.

Conclusion
It's hard to find a material which can fulfill all the previously
mentioned criteria, but the producing company has to evaluate and
compare between the different materials and their properties, and
choose the most efficient types. Moreover, the modification of some
materials can give them new enhanced properties with overcoming
some of their native problems. That's why we can't judge that a certain
material is the best just from its properties, ease of manufacturing,
cost, etc., but there should be an overall investigation taking all these
criteria into consideration. However, in the future through the
continuous research, we may reach the biomaterial which can fulfill
most of these criteria.

References
1.
2.
3.
4.

5.
6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

Evaluate MedTech World Preview 2017, Outlook to 2022.
Brink M, Turunen T, Happonen RP, Yli-Urpo A (1997) Compositional
dependence of bioactivity of glasses in the system Na2O–K2O–MgO–
CaO–B2O3–P2O5–SiO2. J Biomed Mater Res 37: 114-121.
Abou Neel EA, Pickup DM, Valappil SP, Newport RJ, Knowles JC (2009)
Bioactive functional materials: a perspective on phosphate-based glasses.
J Mater Chem 19: 690-701.
Fu Q, Rahaman MN, Fu H, Liu X (2010) Silicate, borosilicate, and borate
bioactive glass scaffolds with controllable degradation rate for bone tissue
engineering applications. I. Preparation and in vitro degradation. J
Biomed Mater Res A 95: 164-171.
Miguez-Pacheco V, Greenspan D, Hench LL, Boccaccini AR (2015)
Bioactive glasses in soft tissue repair. Am Ceram Soc Bull 94: 27-31.
Miguez-Pacheco V, Hench LL, Boccaccini AR (2015) Bioactive glasses
beyond bone and teeth: Emerging applications in contact with soft
tissues. Acta Biomater 13: 1-15.

J Clin Res, an open access journal

21.
22.
23.
24.
25.

Physical and Chemical Characterization: The first stage in assessing the
biocompatibility of medical device materials. Underwriters Laboratories.
Calo E, Khutoryanskiy VV (2015) Biomedical applications of hydrogels:
A review of patents and commercial products. Eur Polym J 65: 252-267.
Schiffman JD, Schauer CL (2008) A Review: electrospinning of
biopolymer nanofibers and their applications. Polym Rev 48: 317-352.
Profeta AC, Prucher GM (2015) Bioactive-glass in periodontal surgery
and implant dentistry. Dent Mater J 34: 559-571.
Vallittu PK (2017) Bioactive glass-containing cranial implants: an
overview. J Mat Sci 52: 8772-8784.
Jones JR (2013) Review of bioactive glass: from Hench to hybrids. Acta
Biomater 9(1): 4457-4486.
Deliormanli AM (2015) Preparation and in vitro characterization of
electrospun 45S5 bioactive glass nanofibers. Ceram Int 41: 417-425.
Gao C, Gao Q, Bao X, Li Y, Teramoto A, et al. (2011) Preparation and In
Vitro Bioactivity of Novel Mesoporous Borosilicate Bioactive Glass
Nanofibers. J Am Ceram Soc 94: 2841-2845.
Durgalakshmi D, Balakumar S (2015) Phase separation induced shell
thickness variations in electrospun hollow Bioglass 45S5 fiber mats for
drug delivery applications. Phys Chem 17: 15316-15323.
Kaur G, Pickrell G, Sriranganathan N, Kumar V, Homa D (2016) Review
and the state of the art: Sol-gel and melt quenched bioactive glasses for
tissue engineering. J Biomed Mater Res B Appl Biomater 104: 1248-1275.
Use of International Standard ISO 10993-1, "Biological evaluation of
medical devices - Part 1: Evaluation and testing within a risk
management process".
Liu XL, Zhou WR, Wu YH, Cheng Y, Zheng YF (2013) Effect of
sterilization process on surface characteristics and biocompatibility of
pure Mg and MgCa alloys. Mater Sci Eng C Mater Biol Appl 33:
4144-4154.
International Organization for Standardization. (2009). ISO
11737-2:2009, Sterilization of medical devices-Microbiological methodsPart 2: Tests of sterility performed in the definition, validation and
maintenance of a sterilization process.
Cieslik M, Mertas A, Morawska-Chocholl A, Sabat D, Orlicki R, et al.
(2009) The evaluation of the possibilities of using plga co-polymer and its
composites with carbon fibers or hydroxyapatite in the bone tissue
regeneration process-in vitro and in vivo examinations. Int J Mol Sci 10:
3224-3234.
Lungu M, Pogonariu A, Precup M, Moldovan L, Oancea A, et al. (1997)
Increasing biocompatibility of synthetic polymers for medical use by
compounding with collagen. Roum Biotechnol Lett 2: 153-161.
Stejskal J, Hajna M, Kasparkova V, Humpolicek P, Zhigunov A, et al.
(2014) Purification of a conducting polymer, polyaniline, for biomedical
applications. Synth Met 195: 286-293.
Qi Y, Lu L, Zhou C, Luo B (2009) Purification of Alginate for Tissue
Engineering. 3rd International Conference on Bioinformatics and
Biomedical Engineering.
Campbel AA (2003) Bioceramics for implant coatings. Mater Tod 6:
26-30.
Victoria Cabanas M (2014) Bioceramic Coatings for Medical Implants, in
Bio-Ceramics with Clinical Applications. John Wiley & Sons, UK.

Volume 2 • Issue 1 • 1000101

