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Introduction

The identification and evaluation of the physico-chemical, mechanical, morphological and topographical  properties of materials used in  a finished medical devices is important in determining the biological evaluation of that device and its materials. Such information can be used in:

a) Assessing the overall biological evaluation of a medical device (ISO 10993-1 and ISO 14971)

b) Screening of potential new materials and / or processes for suitability in a medical device for a proposed clinical application.

ISO 10993-1: 1997, Biological evaluation of medical devices Part 1: Evaluation and testing, provides a framework for a structured programme of assessment for the evaluation of biological safety. ISO 10993-1 Clause 3, General principles applying to the biological evaluation of materials and devices, states that in the selection of materials to be used for device manufacture the first consideration should be fitness for purpose.  This should have regard to the characteristics and properties of the material, which include chemical, toxicological, physical, electrical, morphological and mechanical properties.  This information is necessary prior to any biological evaluation. ISO 10993-1 Clause 7.2 notes that the continuing acceptability of a biological evaluation is an aspect of a quality management system. 

Also ISO 14971-1, Medical devices - Risk management - Part 1: Application of risk analysis, points out that a toxicological risk analysis should take account of the chemical nature of the materials.

The compositional characteristics of the materials of manufacture are mainly under the control of the suppliers of these materials.  However other characteristics are chiefly influenced by the requirements to be met by the finished medical device as well as the processes used by the medical device manufacturer.  

Physico-chemical, Mechanical , Morphological and Topographical Characterization of Materials
1.    Scope 

This document provides a framework for the identification and evaluation of the physico-chemical, mechanical, morphological and topographical properties of materials in finished medical devices. Such an assessment is limited to those properties that are relevant to biological evaluation and the device’s intended use (clinical application and duration of use) even if such properties overlap with clinical effectiveness.    

This part of ISO 10993 does not address the identification or quantification of degradation products, which are covered in ISO 10993 parts 4, 9, 13, 14 and 15. Chemical characterization of materials is covered by ISO 10993-18. 

The ISO 10993 series of standards is not applicable when the material or device does not contact the body directly or indirectly  (clause 4.1.1 of  ISO 10993-1, 1997).

2.    Normative References
The following referenced documents are indispensable for the application of this standard.  For dated references, only the the edition cited applies. For undated references , the latest edition of the referenced document (including any amendments) applies.
ISO 10993-1: 1997
Biological evaluation of medical devices - Part 1: Evaluation and testing.

ISO 10993-2: 1992
Biological evaluation of medical devices – Part 2: Animal welfare

ISO 10993-17: 2003  
Biological evaluation of medical devices – Part 17: Method for the establishment of allowable limits for leachable substances using health-based risk assessment.

ISO 10993-18:  
Biological evaluation of medical devices – Part 18: Chemical characterization of materials 
ISO 14971: 2000, Medical devices – Application of risk management to medical devices 

3.     Definitions
For the purposes of this standard the definitions given in ISO 10993 Part 1 and the following additional definitions apply.

3.1
component:  An item which is manufactured from a basic starting material but is not itself a 
medical device, since it forms only one part of a medical device.

3.2
convertor: A person or company who converts or fabricates a basic raw material into a semi-finished product, for example: lengths of rod, tubing or lay-flat film.

3.3
manufacturer:  The natural or legal person with responsibility for the design, manufacture, 
packaging and labelling of a device before it is placed on the market under his own name, 
regardless of whether these operations are carried out by that person himself or on his behalf 
by a third party.

3.4
material: Any synthetic or natural polymer, metal, alloy, ceramic, or other nonviable substance, including tissue rendered nonviable, used as a medical device or any part thereof (definition from ISO 10993-1: 1997).

3.5
supplier: The person or company who manufactures and/or supplies the basic starting materials to be used in the manufacture of a medical device

4. 
Symbols and abbreviated terms

The following abbreviations are used in clause 7 (many from part 18 if not used for part 19 will be dfeleted, others to be added as necessary) 
Methodology Abbreviations 

DMTA

Dynamic Mechanical Thermal Analysis

DSC

Differential Scanning Calorimetry

EDX-SEM
Electron Dispersal X-ray Analysis – Scanning Electron Microscopy

FTIR

Fourier Transform Infra Red (Spectroscopy)

GC

Gas Chromatography

GC-MS
Gas Chromatography – Mass Spectroscopy


GPC

Gel Permeation Chromatography

HPLC

High Performance Liquid Chromatography 

ICP

Inductively Coupled Plasma

IR

Infra Red (Spectroscopy) 

NMR

Nuclear Magnetic Resonance (Spectroscopy)

SEM

Scanning Electron Microscopy

UV

Ultra Violet (Spectroscopy)

XPS

X-ray Photoelectron Spectroscopy

XRF

X-ray Fluorescence

2D PAGE
Two dimensional Polyacrylamide Gel Electrophoresis

5.      
General Principles 
Consideration of the characterisation of the materials from which a medical device is made is a necessary first step in assessing the biological safety and clinical effectiveness of the device.  It is also important in judging equivalence of (a) a proposed material to a clinically established material and (b) a prototype device to a final device.  Chemical characterisation of materials is covered by ISO 10993-18. This standard (ISO 10993-19) provides a range of physico-chemical, mechanical, morphological and topographical characterization methods which may not be applicable to to all medical devices.
Medical device manufacturers should justify and document the level of characterization performed on their medical device, and component materials, appropriate to its clinical application. 

Qualitative data shall be obtained to describe the properties of the material as it appears in the finished device. When relevant to biological safety quantitative data shall also be obtained. For some materials this information may be available as part of the material specification or processing instructions for the material or may be available from the material supplier on request.  In the absence of such details appropriate analytical techniques should be applied to the processed material to yield the required data.

The biological evaluation of the device is not the purpose of this part 19 of  ISO 10993 but the data obtained from it are intended to be used by the medical device manufacturer as part of the overall biological safety evaluation of the medical device. It is therefore important that controls should be introduced to prevent a material supplier from changing the composition or properties of a material supplied under a specific commercial trade-name or supply agreement without prior notification to the medical device manufacturer. The manufacturer should assess the consequences of any notified changes on the biological safety of the product.

The extent of characterization required should reflect the nature and duration of the clinical exposure and shall be determined by the risk assessor based on the data necessary to evaluate the biological safety and clinical effectiveness of the device. It will also reflect the physical form(s) of the materials used, e.g. liquid, gel, polymer, metal, ceramic, composite or biologically sourced material. The successful completion of the characterization outlined in this document requires the close collaboration of material scientists, analytical chemists and risk assessors.  

6 
Characterization Procedure

The generation of characterization data is a step-wise process linked to risk assessment. 

This is summarised in Annex A, a flowchart composed of 4 steps (to be prepared). The material characterization requirements and guidance at each step are specified here. 
The analytical methods shall be selected to give the required information for the evaluation. Prior to new method development, existing standards, monographs, scientific articles or other relevant scientific documents should be consulted to check for existing appropriate test methods. Methods from the literature may need to be adapted and validated before use. If suitable methods cannot be identified appropriate new methods shall be developed.

The analytical methods used shall be validated, justified and reported ( see clauses 7 and 8). The validation of an analytical method is the process by which it is established that the performance characteristics of the method meet the requirements for the intended analytical applications. Analytical methods shall be validated as appropriate with respect to the following justified analytical characteristics: accuracy, precision, specificity, limit of detection, limit of quantification, linearity, range, ruggedness, robustness and system suitability.  

At each step of the characterization procedure, a decision shall be made on the adequacy of the data obtained, as a basis for the risk analysis. This procedure should consider each of the materials as they appear in the finished device. 

Steps 2 and 4, (6.2 and 6.4 respectively), are part of the risk assessment process and are outside the scope of this standard. They are shown here for information to indicate the important interaction between material characterization and risk assessment.   

Note 1: The supplier may be a useful source of appropriate analytical methods.  In the absence of any initial data on material properties, a literature study is recommended to assist in the selection of the most appropriate methods of analysis for the material concerned.           

Note 2: If  the material or device does not contact the body directly or indirectly then this standard is not applicable (clause 4.1.1 of ISO 10993-1: 1997).

6.1
Step 1  Qualitative Information
Describe the material / device and its intended purpose.  A documented, qualitative description is required of the composition of the finished device, including the characteristics of each material used in the device (clause 3.3 and 4 of  ISO 10993-1: 1997) (see Annex B). The level of qualitatitive data provided / required shall reflect the category of medical device in terms of  degree of invasiveness and clinical exposure duration, as well as the nature of the materials present,  and shall be justified.

The qualitative description shall, where applicable, include details of batch or lot, supplier and material specification for each material. The use of a standardised material (e.g. ISO 5832-1) in its intended use shall meet this requirement. 

Medical device manufacturers should preferably obtain qualitative and quantitative material characterization information from the supplier of the starting material.  Qualitative information about any additional processing additives (for example, mould release agents) should also be obtained from appropriate members of the manufacturing chain, including convertors and component manufacturers.  The composition and properties of materials shall either be in accordance with applicable materials standards or shall be specified by the manufacturer. Sufficient information shall be obtained at this stage, to identify all hazards (potential risks) and potential benefits arising from the properties of the material, and sent for assessment as to their fitness for the intended purpose.  

6.2
Step 2   Material Equivalence
As a part of material suitability assessment, a comparison of these data shall be made to determine whether this material is equivalent to that utilised in a device with the same clinical exposure / use and having had the same manufacturing and sterilisation processes applied e.g. established safe and effective use of materials in a product to be used on intact skin. 

6.3
Step 3   Quantitative Information
Where qualitative material characterization data alone has not provided sufficient data for a  material suitability assessment to be completed, quantitative material characterization data shall be established, documented and sent for Suitability (Risk?) Assessment. 
6.4
Step 4   Quantitative Assessment
Sufficient quantitative characterization information shall be obtained to permit an assessment of the fitness of all of the materials in a finished device for their intended purpose as part of the overall biological evaluation of the medical device. This quantitative characterization information can be usefully compared with data for materials clinically established as being safe and effective for the intended use and for those materials found not to have the required characteristics for this use (Annexe A, Flowchart to be prepared). This overall evaluation is outside the scope of this part and will combine information gained from many other parts of the ISO 10993 series of standards and will utilise  ISO 14971-1: 2000 (Medical devices – Risk management – Application of risk analysis).

7.
Characterization Parameters and Methods  

Clause 6 and normative Annex A indicate the stepwise generation of  qualitative and quantitative material characterization data for use in the suitability / risk assessment. The following subsections indicate relevant qualitative and quantitative parameters for each of the main medical device material classes to be determined and methods which can be used. 

Due to the diversity of medical devices, it is recognised that not all of the parameters identified for a material will be required for all/some device uses. As noted in 6.1 the extent of  characterization required is determined by the invasiveness and duration of clinical exposure in the intended use.

At steps 1 and 3 of clause 6, (6.1 and 6.3 respectively), the analyst and material scientist in consultation with the manufacturer’s assessor of the material fitness for use (risk assessor ?) shall determine which parameters are relevant to the assessment of a material or medical device. The reasons for the inclusion or exclusion of a parameter shall be documented. Characterization data is required for all of the parameters considered relevant by the manufacturer’s assessor of the material fitness for its intended purpose.

N.B. THE FOLLOWING TABLES AND PARAMETERS ARE A FIRST ATTEMPT AND WG14 MEMBERS AND CONTACTS ARE REQUESTED TO ADD EXAMPLES OF METHODS (QUALITATIVE AND QUANTITATIVE) AND ADDITIONAL PARAMETERS  AS NECESSARY. 
7.1 
Polymers 

7.1.1  Parameters and test methodologies for characterization of polymers

	Parameter to be analysed
	Example Methods (not comprehensive or  exclusive)
	Qualitative
	Quantitative
	Standard

	Porosity:

a) Classical

b) Connectivity
c) Scaffolds

	Microscopy
	
	
	ASTM
F1854-01

	Morphology

a) Crystallinity

b) Amorphous

c) Multiple phases

d) Hard / soft
	
	
	
	ASTM
F754,

F665-98,

F2081-01,

F2183-02



	Surface energy / charge

a) Hydrophobic

b) Hydrophilic

c) Amphoteric

d) Protein adsorption

e) Protein repulsion

f) Cell attachment

i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class

g) Cell repulsion

i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class


	
	
	
	

	Abrasion resistance

Stability of treated surface? 
	
	
	
	ASTM
F1978-00e1

	Topography

a) Surface chemical mapping

b) Roughness

    i) smooth

   ii) pitted

  iii) grooved

  iv) irregular terrain (‘hills,                              valleys’)


	FTIR

SEM
	
	
	

	Particles

a) Size

b) Size distribution

c) 3D Shape
	Microscopy, 

Image analysis, Filters

Scanning EM, IPN
	(
(
(

	(
(
(
	ASTM 
F1877-98


7.2 Metals and Alloys 

7.2.1  Parameters and test methodologies for characterization of metals and alloys

	Parameter to be analysed
	Example Methods (not comprehensive or  exclusive)
	Qualitative


	Quantitative


	Standard

	Porosity:

a) Classical

b) Connectivity

c) Scaffolds


	
	
	
	ASTM

F1854-01


	Morphology

a) Crystallinity

b) Amorphous

c) Multiple phases

d) Hard / soft
	
	
	
	

	Surface energy / charge

a) Hydrophobic

b) Hydrophilic

c) Amphoteric

d) Protein adsorption

e) Protein repulsion

f) Cell attachment

      i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class

g) Cell repulsion

      i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class


	
	
	
	

	Topography

a) Surface chemical mapping

b) Roughness

    i) smooth

   ii) pitted

  iii) grooved

  iv) irregular terrain (‘hills,                              valleys’)


	FTIR

SEM
	
	
	

	Abbrasion resistance

Stability of treated surface? 
	
	
	
	ASTM

F1978-00e1


	Particles

a) Size

b) Size distribution

c) 3D Shape
	Microscopy, 

Image analysis, Filters

Scanning EM, IPN
	(
(
(

	(
(
(
	ASTM 

F1877-98



7.3
Ceramics 

7.3.1  Parameters and test methodologies for characterization of ceramics. 

	Parameter to be analysed
	Example Methods (not comprehensive or  exclusive)
	Qualitative
	Quantitative
	Standard

	Porosity:

a) Classical

b) Connectivity

c) Scaffolds


	
	
	
	ASTM

F1854-01


	Morphology

a) Crystallinity

b) Amorphous

c) Multiple phases

d) Hard / soft
	
	
	
	

	Surface energy / charge

a) Hydrophobic

b) Hydrophilic

c) Amphoteric

d) Protein adsorption

e) Protein repulsion

f) Cell attachment

      i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class

g) Cell repulsion

      i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class


	
	
	
	

	Abbrasion resistance

Stability of treated surface? 
	
	
	
	ASTM

F1978-00e1


	Topography

a) Surface chemical mapping

b) Roughness

    i) smooth

   ii) pitted

  iii) grooved

  iv) irregular terrain (‘hills,                              valleys’)


	SEM
	
	
	

	Particles

a) Size

b) Size distribution

c) 3D Shape
	Microscopy, 

Image analysis, Filters

Scanning EM, IPN
	(
(
(

	(
(
(
	ASTM 

F1877-98



7.4
Natural Macromolecules

For natural macromolecules it is essential that the source organism (species) and breed / strain are clearly identified as a first step. The EN 12442 standard (parts 1-3) covers the safe utilisation of tissues and derivatives in the manufacture of medical devices. The EN 455-3 standard covers the assessment of  risks associated with protein residues in natural rubber latex. 

Natural macromolecules utilised in medical devices include but are not limited to proteins, glycoproteins, polysaccharides and ceramics. Examples include gelatin, collagen, elastin, fibrin, albumin, alginate, cellulose, heparin, chitosan, processed bone, coral and natural rubber. These materials may have been processed, purified and modified to different extents. Pharmacopoeia monographs exist for many of these materials and several ASTM F04 standards also cover the characterisation of these materials.  

7.4.1  Parameters and test methodologies for characterization of natural macromolecules

	Parameter to be analysed
	Example Methods (not comprehensive or  exclusive)
	Qualitative
	Quantitative
	Standard

	Porosity:

a) Classical

b) Connectivity

c) Scaffolds


	
	
	
	ASTM

F1854-01
ASTM

F2150-02e1

	Morphology

a) Crystallinity

b) Amorphous

c) Multiple phases

d) Hard / soft
	
	
	
	

	Surface energy / charge

a) Hydrophobic

b) Hydrophilic

c) Amphoteric

d) Protein adsorption

e) Protein repulsion

f) Cell attachment

      i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class

g) Cell repulsion

      i)Human general

     ii)Human blood cells

    iii)Human specific cells

    iv)Bacteria general

     v)Bacteria specific class


	
	
	
	

	Abbrasion resistance

Stability of treated surface? 
	
	
	
	ASTM
F1978-00e1

	Topography

a) Surface chemical mapping

b) Roughness

    i) smooth

   ii) pitted

  iii) grooved

  iv) irregular terrain (‘hills,                              valleys’)


	FTIR

SEM
	
	
	

	Particles

a) Size

b) Size distribution

c) 3D Shape
	Microscopy, 

Image analysis, Filters

Scanning EM, IPN
	(
(
(

	(
(
(
	ASTM 

F1877-98



8.       
Reporting of Data Obtained
The data shall be reported in a standardised format which enables data entry to a materials database. 

Test reports shall clearly state the purpose of the characterisation that has been performed and where appropriate shall include the following:

1 Material description and details

2 Characterization methods 

3 Qualitative data generated

4 Quantitative data generated

Normative Annex A – Flowchart (to be prepared) Summarising the Stepwise Generation of Characterisation Data for Use in Risk Assessment

Note: This procedure only applies to materials / devices in direct or indirect body contact 

(ISO 10993-1, clause 4.1.1).
Steps: 

1 Qualitative Information

2 Material Equivalence

3 Quantitative Information

4 Quantitative Risk Assessment

Steps 2 and 4 are part of the risk assessment process and are outside of the scope of this standard. They are shown here for information to indicate the important interaction between characterization and risk assessment 

Informative Annex B - Information Sources for Material Characterization
As described in 5 General Principles, the degree of characterization required is dependant upon the nature and duration of contact of the medical device with the patient’s body and its risks in clinical use.  Accordingly, the kind and level of detail of the characterization information required depends upon those conditions. This may require the use of multiple sources of information as described below.

1  
Generic Name of Material
The generic name should be supplied with references to the specific chemical name.
Generic names may be misunderstood.  For instance, POLYETHYLENE is sometimes understood to be an ethylene homopolymer, while it has also been defined to be a POLYOLEFIN constituted with ethylene units in more than the given molar percentage.
2  
Other Nomenclatures and Descriptions of Materials  
There are several nomenclature systems that specify the materials more exactly, as shown below.  
2.1  
IUPAC Nomenclature and Structure Formulae of Polymeric Chemicals
The IUPAC Macromolecular Nomenclature Commission has published rules for naming polymers.  Naming and describing polymers according to the rules present some exact features of polymeric chemicals as defined.  It does not give any information however about the commercially available polymers that often contain some additives.

NOTE: The rules are given in the following literature: International Union of Pure and Applied Chemistry - Macromolecular Division - Commission on Macromolecular 
Nomenclature: COMPENDIUM OF MACROMOLECULAR NOMENCLATURE, Prepared for publication by W. V. Metanomski, Blackwell Scientific Publications Ltd., Oxford, 1991.
2.2  
CAS Registry Number, USAN, and Other Registry Name and/or Number
Chemical Abstract Service (CAS) and United States Accepted Names (USAN) give a specific number and name respectively to newly developed polymeric chemicals such as contact lens materials.  When the material used has its given CAS No. and/or USAN Name, it is easy to discriminate it from similar but not identical related materials. Concise information of the chemical components/ingredients is also available from USAN.
3  
General Information Concerning Materials
Several parameters are generally usable to specify the material used.  These parameters differ by differing category of materials shown in Annex B1.  For synthetic polymers, examples of such parameters are molecular weight and its distribution, glass transition temperature, melting point, specific gravity, solubility and swelling nature.

NOTE: The following standard is useful for synthetic polymers:
OECD Guidelines for the Testing of Chemicals 118: Determination of the Number-Averaged Molecular Weight and Molecular Weight Distribution of Polymers using Gel Permeation Chromatography, 1996

4  
Information from the Material Supplier
The following information is useful to specify the material used, and the compositional information is particularly useful to aid quantitative risk assessment:
4.1  
Name of Material Manufacturer (Supplier)
4.2   
Generic Material Trade Name
      Example: Silastic, Dacron, Tetoron, Pellethane, Nylon, Teflon, etc.
4.3   
Product Code and Number
      Example: Pellethane 2393-80AE, Methylvinylpolysiloxane 0215, etc.
4.4   
Material Manufacturer's Specification
      That includes, for example, purity, quality, tensile strength, Rockwell hardness, bending modulus, conduction of electricity, and others.  
5 
Material and/or Product Standards in National and International Standards
Most of these specify a quality of material in the standard in relation to the purpose of use.  When the material used in the device meets such a standard and when the category and duration of patient contact of the device are comparable to those in the standard, giving the title and number of the standard may be sufficient for characterisation of the material.  Applicability of these standards for characterisation depends on the following factors.  The higher the level of these factors in the standard the higher the level of characterisation achieved in complying with the standard:
  1) Does the standard specify device and its patient contact and duration? 
  2) To what extent does the standard specify the material e.g. specific material, category of  material  etc.?
  3) Does the device or material standardised have a history of safe clinical use?
6 
Material Master File or Material Registry System
A master file is a submission to a regulatory agency which allows a third party to submit information which it considers trade secret or commercially confidential for use on behalf of another company for the review of a pending application requesting approval or clearance of a specific medical device. A master file is also a reference source which is submitted to a regulatory agency. The master file may contain detailed information about a specific material formulation, or it’s processing, which is used in a medical device. A master file is useful for judging equivalency of a material or suitability of a material for a specific category of use.  
. 

Informative Annex C - Principles for Judging Material Equivalency

In 6.2 in the main text (step 2) characterisation data is used in risk assessment to judge equivalency of a proposed material to an existing clinically established material for the same type of clinical exposure. The key principle applied in making this judgement is that the proposed material has equivalent properties  in terms of biological safety and clinical performance to that of the clinically established material. The following list contains examples where such equivalence is met and is provided as guidance to assist the assessment process as outlined in sections 5 and 6 of the main text.

a)
The proposed material meets an existing standard for its intended use and duration of contact 
and invasiveness.

b)
The proposed material is already established in a more invasive comparable exposure than the less invasive proposed application.

c) 
Add other examples
3
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