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Introduction

ISO 10993-1 : 1996,  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 ISO14971-1, 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 requirements specified in this document are intended to yield the following information:

(a)
The chemical composition of the materials used in the manufacturing process including 
processing additives and residues.  The predictable biological characteristics of materials to    
be used in production of a medical device and in their final 
form in the device.

(b)
The materials of construction of the medical device.

(c)
The potential of materials to release leachable substances when used in the manufacture of a 
medical device.


Note:  This does not cover industrial hygiene aspects which are covered by other 



regulations and standards.
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.  

Chemical Characterisation of Materials
1.    Scope 

This document describes a framework for the identification of a material and the identification and quantification of its chemical constituents. The chemical characterisation information generated can be used for a range of important applications, for example:-

a) As part of an assessment of the overall biological safety of a medical device (ISO 10993-1 and 14971-1).

b) Measurement of the level of any leachable substance in a medical device in order to allow the assessment of compliance with the allowable limit derived for that substance  from health based risk assessment (ISO 10993-17).  

c) Judging equivalence of a proposed material to a clinically established material.

d) Judging equivalence of a final device to a prototype device to check the relevance of data on the latter to be used to support  the assessment of the former.

e) Screening of potential new materials for suitability in a medical device for a proposed clinical application. 

This part of ISO 10993 does not address the identification or quantification of degradation products, which are covered in ISO 10993 parts 9, 13, 14 and 15.

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

ISO 10993-18 is intended for suppliers of materials and manufacturers of medical devices, when carrying out a biological safety assessment or other important applications.

2.    Normative References
The following standards contain provisions which, through reference in this text, constitute provisions of this International Standard.  At the time of publication, the editions indicated were valid.  All standards are subject to revision, and parties to agreements based on this International Standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below.  Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 10993-1  

Biological evaluation of medical devices - Part 1: Evaluation and testing.

ISO 10993-12 

Biological evaluation of medical devices - Part 12: Sample preparation and 


reference materials.

ISO/DIS 10993-17  
Biological evaluation of medical devices - Method for the establishment of 


allowable limits for leachable substances using health-based risk assessment.

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

3.1
supplier:   The person or company who manufactures and/or supplies the basic starting 
materials to be used in the manufacture of a medical device

3.2
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.

3.3
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.

3.4
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.

3.5
chemical characterisation:
 Identification and quantification of the chemicals present in
materials or finished medical devices. 

3.6
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).

4.      
General Principles 
Consideration of the chemical characterisation of the materials from which a medical device is made is a necessary first step in assessing the biological safety 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.  An overview of the chemical characterisation procedure outlined in this document and its relationship to risk assessment is given in Annex A.

Qualitative data shall be obtained to describe the chemical composition of a material.  When relevant to biological safety quantitative data shall also be obtained.

For some materials compositional information may be readily available as part of the material specification.  Materials such as polymers may possess more complex formulations and compositional details should be obtained from the supplier of the material.  In the absence of such details appropriate analytical techniques should be applied to a material to yield compositional data.

Identification of the constituents of a material intended for use in the manufacture of a medical device enables the intrinsic toxicity of each constituent to be investigated.  The data obtained 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 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.

Any of the constituents of a material or additives used in the process of manufacture of a medical device are potentially bio-available.  However it is necessary to obtain information demonstrating the extent to which the constituents will be available under the actual conditions of use of the finished product to estimate the risk arising from them.  This can be estimated from extraction tests on the material.  Appropriate extraction conditions are used to ensure that any constituent which is likely to be released during finished product use will be released into the extraction media.  The extract obtained is analysed qualitatively and quantitatively to generate data that can then be used in the biological safety evaluation of the medical device.

The degree of chemical characterisation 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 of the device. It will also depend on the nature of the materials used, e.g. liquids, gels, polymers, metals, ceramics, composites or biologically sourced material (see Annex B).

The successful completion of the chemical characterisation outlined in this document requires the close collaboration of analytical chemists and toxicological risk assessors.  In this partnership, the analytical chemist provides the neccessary qualitative and quantitative data that the risk assessor uses to determine device safety.

This standard does not attempt to identify and quantify any degradation products which may be formed.  The potential for degradation is addressed in general  by ISO 10993-9, and separately for polymeric, ceramic and metallic materials by ISO 10993-13, ISO 10993-14 and 10993-15 respectively.
4.1 
Characterisation Procedure

The generation of chemical characterisation data is a step wise process linked to risk assessment. 

This is summarised in a flowchart in Annex A and the chemical characterisation requirements and guidance at each step are specified here. The provisions of ISO 10993-1, ISO 10993-17 and ISO 14971-1  require that, as part of a risk assessment, a determination shall be made as to whether all biological hazards can be identified (clause 3.5 of ISO 10993-1 and clause 4.2 of ISO 14971-1). At each step of the characterisation 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 used in a medical device in addition to the requirement for chemical characterisation of the finished device.   


Note:  The supplier may be a useful source of appropriate analytical methods.  In the absence 
of any initial compositional data, a literature study to establish the likely nature of the 
starting material and any additives is recommended to assist in the selection of the most 
appropriate methods of analysis for the material concerned.           

4.1.1
Step 1  Body Contact

Determine whether the device contacts the body directly or indirectly.  If  the material or device does not contact the body directly or indirectly then this procedure is not required (clause 4.1.1 of ISO 10993-1).

4.1.2
Step 2  Qualitative Information
Describe the material / device and its intended purpose.  A documented, qualitative description is required of the composition of the finished device, including additives and processing residues for each material used in the device (clause 3.3 and 4 of  ISO 10993-1) (see Annex D). 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 and shall be justified.

The qualitative  description shall where relevant 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 compositional 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 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 toxic hazards arising from the chemical components of the material and sent for Risk Assessment   (see Clause 4.3 of ISO 14971-1).

4.1.3
Step 3   Material Equivalence
As a part of risk 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 use of materials in a product to be used on intact skin. See section 5 for examples of toxicological equivalence. 

4.1.4
Step 4   Quantitative Information
Where qualitative analysis alone has not provided sufficient data for a  toxicological risk analysis to be completed, quantitative chemical composition shall be established, documented (see Annex D Clause 5)  and sent for Risk Assessment. Specifically, quantitative chemical composition denotes the total amount of identified chemical present in the material.

Analytical methods used shall be appropriate to the material under investigation and shall be justified and reported (see 8). Information on methods may be available from suppliers. 

4.1.5
Step 5   Quantitative Risk Assessment
Sufficient quantitative information shall be obtained to permit a risk assessment , when combined with  existing toxicological information (see Clause 4.4 of ISO 14971-1).

4.1.6
Step 6  Estimated Clinical Exposure to Chemicals Present


If the quantity of any chemical present, according to the toxicological risk assessment, remains a toxicological concern in the light of anticipated clinical exposure, the total dose and rate of exposure to that chemical shall be measured and the total dose estimated. The extraction conditions used shall be documented and justified.


Note: The degree of extraction necessary varies with the nature of the body contact and the 
extent of exposure. As the duration and invasiveness of contact increases an analysis that 
provides information on the kinetics of extraction may be necessary. An illustration of the 
wide variety of extraction conditions and test methods which currently exist is found by 
reference to the documents listed in Annex C and guidance is given in ISO 10993-12.
The extract shall be analysed using sensitive and selective methods and the levels of chemicals of concern quantified.
4.1.7
Step 7 Clinical Exposure Risk Assessment
ISO 14971-1 will be used in the toxicological risk assessment to evaluate the characterisation data submitted from step 6 for unacceptable toxicological risks.

4.1.8 
Step 8
Biological Evaluation Tests
Where the evaluation indicates that there may still be unacceptable risks the information obtained is used to make informed decisions on the development of an assessment programme in line with ISO 10993-1 with test selection based on clauses 5.1 and 6 of ISO 10993-1.

5 
Information Sources for Chemical Characterisation
As described in General Principles, the degree of chemical characterisation 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 characterisation information required depends upon those conditions. This may require the use of multiple sources of information as described below.

5.1  
Generic Name of Material
Examples of the generic names of materials are presented in Informative Annex B2, List of Generic Names of Materials.  If the material used does not appear on the list, provide its generic name and indicate its absence from the list.  Generic names are not so strictly defined that they are sometimes misunderstood.  For instance, POLYETHYLENE is sometimes understood to be an ethylene homopolymer, while it is defined in the standards to be a POLYOLEFIN constituted with ethylene units in more than the given molar percentage.  The generic name should be supplied therefore with references to the specific chemical name.
5.2  
Other Nomenclatures and Chemical Descriptions of Materials  
There are several nomenclature systems that specify the materials more exactly, as shown below.  
5.2.1  
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.
5.2.2  
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.
5.3  
General Information Concerning Chemical Nature of Materials
Several parameters are generally usable to specify the chemical nature of 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

5.4  
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:
5.4.1  
Name of Material Manufacturer (Supplier)
5.4.2   
Generic Material Trade Name
      Example: Silastic, Dacron, Tetoron, Pellethane, Nylon, Teflon, etc.
5.4.3   
Product Code and Number
      Example: Pellethane 2393-80AE, Methylvinylpolysiloxane 0215, etc.
5.4.4   
Material Manufacturer's Specification
      That includes, for example, purity, quality, tensile strength, Rockwell hardness, bending modulus, conduction of electricity, and others in addition to the general parameters described in 5.3.  
5.4.5  
Details of Material Composition and Formulation
      See 4.1.2 and 4.1.4.



5.5  
Chemical Analyses
See section 4.General Principles. There are several modes of chemical analyses as described below:
5.5.1  
Comprehensive Analysis 
    When the full information of the material formulation and/or composition is required but not available, comprehensive analysis will be necessary. High-performance liquid chromatography combined with mass spectrometry is a powerful tool for such comprehensive analysis of extractable chemicals from polymers.  ATR/FT-IR and Pyrolysis Gas Chromatography/Mass Spectrometry are also useful for polymer analysis.  ICP analysis of metallic materials after dissolving with aqua regia is useful for identifying metallic elements in the material.
5.5.2  
Quantitative analysis of specific toxic chemicals for exposure assessment
    When the patient exposure to some specific toxic chemical is expected, sensitive, quantitative and specific analysis for each such chemical should be performed.  Exaggerated extraction should be used to evaluate the risks in the worst case scenario.  In addition, simulated extraction should be used for evaluating an ordinary level of exposure.  The specificity, level of sensitivity and limit of quantification of the analytical method should be sufficient for the required level of risk assessment.
5.5.3  
Non-specific chemical analysis relevant to exposure assessment
    Non-specific chemical analyses have been included in some International and National Guidelines or Standards intended to ensure safety.  These methods are generally usable for rough estimation of the chemical hazards of medical devices, though their predictability is limited.  Some examples are given in the NOTE below:

 NOTE:
OECD Guidelines for the Testing of Chemicals 120: Solution/Extraction Behaviour of Polymers in Water, 1996: This test protocol describes the procedure for determining the solution/extraction behaviour of polymers in water at 20’C at pH 2 and pH 9 and at 37‘C at pH 7.  Total organic carbon content (TOC) analysis is recommended for determining total polymeric species in aqueous phase.  Other more specific methods are also described.
JP XIII General Tests / Plastic Containers, 1996,  and related parts of other pharmacopoeias:  These parts include test methods for residue of ignition, heavy metals, extractable substances such as potassium permanganate-reducing substances and residue of evaporation. 
5.6  
Material and/or Product Standards in National and International Standards
Most of these, such as listed in Annex C, 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 chemical characterisation depends on the following factors.  The higher the level of these factors in the standard the higher the level of chemical 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 standard set any limits on the level of certain chemicals?  Are such limits comprehensive, specific (how much), general, or total?
  4) Does the device or material standardised have a history of safe clinical use?
5.7  
Material Master File or Material Registry System
There are several governmental or non-governmental registry systems of materials for medical devices or food packaging. These are useful for judging equivalency of a material or suitability of a material for a specific category of use.  The examples are given below.  When intended to use the number and/or code in these Master Files or Registry for characterising the material in the device, the manufacturer (or supplier) should present the full information in the file or registry to the assessor.
5.7.1  
FDA/Medical Devices Master File (21CFR814, 3 (d))

   This information is usable only for the device manufacturers for materials used in the USA under FDA control. In such cases, they can refer to the master-file number for specifying their materials. Where the device manufacturer is not the material manufacturer then the former must first obtain    approval from the latter to refer to the appropriate master file. 
5.7.2  
FDA Indirect Food Additives defined under 21CFR Part 177 Polymer, Subpart B (Revision?)

    The polymers that meet the requirements of this Subpart shall be considered safe in systemic toxicity even when the extractables are repeatedly ingested orally.  Therefore it may not be necessary to perform systemic toxicity tests of such polymers, if there is adequate explanation in relation to the contact category and exposure duration of the device. 

5.7.3  
Japanese Master File for Registry of Medical Plastic Materials

    The poly(vinyl chloride), polyethylene and polypropylene materials that are commonly used in the low-risk devices approved by Japanese MHW are registered, and various information of material manufacturer, formulation/composition, and chemical and biological test data are kept in the file.  It is useful for manufacturers to identify the equivalency of the material to the existing one by referencing a registry number. 

 6.
Principles for Judging Toxicological Equivalency

In 4.1.3 above (step 3) chemical characterisation data is used in risk assessment to judge equivalency, in toxicological terms, 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 a toxicological or biological safety no worse than that of the clinically established material. The following list are examples where toxicological equivalence is met  and is provided as guidance to assist the risk assessment process.

a)
The composition and extractables profile of the proposed material is equivalent to a clinically 
established material.

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

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

d)
No leachables from the proposed material are outside of the allowable limits established 
using ISO 10993-17.

e)
The proposed material contains a chemical component or residue which has an improved 
toxicological safety to that which it replaces in a clinically established material (assuming 
similar exposure).    

f)
The proposed material contains a chemical component or residue which has an equal 
toxicological safety to that which it replaces in a clinically established material (assuming 
similar exposure).    

g)
The only difference between a proposed material and a clinically established material is the 
elimination or reduced level of an additive / contaminant / residue in the former which is 
present in the latter.

h)
The only difference between a proposed material and a clinically established material is the 
use of processing conditions for the former which results in reduced levels of extractables 
compared to the latter. 

7. Chemical Characterisation of Specific Material Categories
The following sub-sections and their associated tables give summarised guidance on chemical characterisation parameters appropriate to the material class, methodology suggested and key references.  

7.1
Polymers, Additives and Fillers

Table 1        Chemical  Characterisation For Polymers

Chemical Characterisation Parameter
Methodology**
References

Molecular Weight 
GPC,  End Group Analysis, Membrane Osmometry, Vapor Phase Osmometry, Light Scattering, Sedimentation
1-6

Pendant Group Analysis
Titration, Spectroscopy,  Bromine Vapor Method,
1,6

Determination of Double Bonds
IR, Iodine Number, Spectroscopy ,UV
1,6

Evaluation of Copolymers
IR, NMR
1,6

Tacticity
Spectroscopy
1,6

Branching
Saponification, Spectroscopy
1.6

Additives and Fillers*
See Table 2
See Table 2

Surface Composition#
FTIR,  XPS
1,6

Catalysts Residue
ICP, HPLC
1,6

*See Table 2
** This list is not all inclusive

#Surface composition may differ from bulk composition and if so FTIR should be considered

Table 2       Chemical  Characterisation For Additives and Fillers

Chemical Characterisation Parameter
Methodology
References

Antioxidants
GC, HPLC
7-9

Metal Deactivators
HPLC
7-9

Light Stabilizers
HPLC
7-9

Heat Stabilizers
HPLC
7-9

Plasticizers
HPLC
7-9

Lubricants
HPLC
7-9

Viscosity Improvers
HPLC
7-9

Impact Modifiers
HPLC
7-9

Fillers
Residue on Ignition, XRF Dissolution
7-9

Flame Retardant
HPLC, x-ray Diffraction
7-9

Antistatic Agents
HPLC
7-9

Whitening Agents
HPLC, x-ray Diffraction
7-9

Antimicrobial Agents
HPLC
7-9

Crosslinking Agents*
HPLC
7-9

Blowing Agents
HPLC, GC
7-9

*For network polymers formed using chemical crosslinking agents, the extent and reproducibility of the crosslinking should be provided from determination of the amount of unreacted crosslinker from its concentration in the total extractables.

Table 1 and 2 References:
1. E. Schroder, G. Muller, K.-F. Arndt.  Polymer Characterization, Oxford

University Press, New York, NY (1989).

2. T. Provder, ed.  Size Exclusion Chromatography, Methodology and

Characterization of Polymers and Related Materials, ACS Symposium Series

245, ACS Washington DC, (1984).

3. A Kumar, R. K. Gupta.  Chapter 8 in Fundamentals of Polymers,  Measurement

of Molecular Weight and its Distribution, McGraw-Hill Book Co. Inc., New

York, NY, (1998).

4. ASTM.  "Standard Test Method for Molecular Weight Averages and Molecular

Weight Distribution of Certain Polymers by Liquid Size Exclusion

Chromatography (GPC- Gel Permeation Chromatography) Using Universal

Calibration."  D3593 ASTM, Philadelphia PA, Oct (1980).

5. Waters.  Solvent selection, column selection, and column bank optimization,

in Chromatography Columns and Supplies Catalog 1999-2000.  Waters

Corporation, Milford MA, (1999).

6. Polymer Characterisation, Editors B J Hunt and M I James, Blackie Academic and Professional, Glasgow, (1993)
7. R. C. Reid, K. R. Sidman, A. D. Schwope, D. E. Till.  "Loss of Adjuvants

from Polymer Films to Foods or Food Simulants, Effect of the External Phase,

Ind. Eng. Chem., 19:580-587, (1980).

8. I D Newton, The Separation and Analysis of Additives in Polymers, chapter 2 in Polymer Characterisation, Editors B J Hunt and M I James, Blackie Academic and Professional, Glasgow, (1993)

9. T R Crompton, The Analysis of Plastics, Pergamon Series in Analytical Chemistry volume 8,

  Pergamon Press, Oxford, 1984

7.2 
Metals and Alloys

Table 3       Chemical Characterisation For Metals and Alloys

Chemical Characterisation Parameter
Methodology
References

Alloy Class
Chemical, , ICP, Spectroscopy
1,2

Single or Multiple Phases
Chemical,  ICP, Spectroscopy
1,2

Alloying Elements
Chemical,  ICP, Spectroscopy
1,2

Grain Modification
Chemical,  ICP, Spectroscopy
1,2

Impurities
Chemical,  ICP, Spectroscopy
1,2

Surface Coatings
Chemical,  ICP, Spectroscopy
1-5

Table 3 References:
1. Proc. Fourth International Conf. on Laser Ablation, Monterey, CA, July

1997;  Ed. RE Russo, DB Goehegan, F Haglund and K Murakami,

Elsevier, Amsterdam (1998)

2. Inductively Coupled Plasmas in Analytical Atomic Spectroscopy (2nd Ed.)

Edited, A Montaser and DW Golightly, VCH Publishers Inc. NY. (1992)

3. A.Zolar, Thin Solid Films, Vol 124, 223, (1985)

4. Handbook of Auger Electron Spectroscopy, 2nd Ed., Perkin-Elmer Physical

Electronics Division, (1976)

5. Secondary Ion Mass Spectroscopy , SIMS IV, Ed. A Benninghoven, J Okani, R

Shimizui and HW Werner, Spring, NY (1984)

7.3
Ceramics 

Table 4  Chemical Characterisation For Ceramics

Chemical Characterisation Parameter
Methodology
References

Principle Components
Chemical,  ICP, Spectroscopy
1

Stabilisers
Chemical,  ICP, Spectroscopy
1



Binders
Chemical,  ICP, Spectroscopy
1

Pigments
Chemical,  ICP, Spectroscopy
1

Impurities
Chemical,  ICP, Spectroscopy
1

Single or Multiple Phases
Chemical,  ICP, Spectroscopy
1

Surface Coatings
Chemical,  ICP, Spectroscopy
1

Microstructure


Chemical,  ICP, Spectroscopy
2

Table 4 References:
1. ASTM C573: (1990), Method for chemical analysis of fireclay and high-alumina

refractories.

2. ISO 6474:1994, Implants for surgery: Ceramic materials based on high

purity alumina.

8.       
Reporting of Data Obtained
Test reports containing the information described in this standard can be submitted for inclusion in toxicological risk analysis procedures for biological hazards of the medical device/finished product concerned.  (For example, see ISO 14971-1 clause 4.2 and ISO 10993-1 clause 3).

Qualitative compositional data for the material itself enables the intrinsic toxicity of the chemical constituents to be established by reference to existing data or through toxicity studies.  Quantitative data for the material itself and the extract from the material permits the potential biological exposure of each constituent to be assessed.  The risk of toxic effects arising from exposure to the constituent during use of the device can be estimated from intrinsic toxicity and exposure data.

The data shall be reported in a standardised format which enables data entry to a materials database (See Annexe D).  Any quantitative data shall be presented in a way which permits estimation of human exposure. 

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

8.1     Information on Composition and Processing

a)  
Test material description, batch or lot number, and sample dimensions or mass.

b)
Description of origin of compositional data, for example: provided by material supplier/ 
finished product manufacturer, or by analysis.

c)     
Material processing and date where relevant (e.g. sterilisation).

d)
Detailed description of analytical methods used including specificity, sensitivity, limits of 
detection and limits of quantification and uncertainty; also standards and reference materials 
where used.

e)
List of all chemical components identified including quantitative data where available or 
generated.

8.2     Extraction Information
a)    
Test material description, batch or lot number, and sample dimensions or mass.

b)    
Sample pretreatment and dates where applicable (e.g. sterilisation).

c)    
Extractant solution details including chemical identity and volume used.  Justification shall 
be provided for the choice of extractant.

d)    
Duration and temperature of extraction including justification for their selection.

e)    
Detailed description of analytical methods used including specificity, sensitivity, limits of


detection and limits of quantification and uncertainty; also standards and reference materials 
where used. 

f)     
List of all chemical components identified including quantitative data where available or 
generated.




Normative Annex A – Flowchart Summarising the Stepwise Generation and Use of Chemical Characterisation Data in Risk Assessment  (see 4.1 for related text)

Steps 1, 3, 5, 7 and 8 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 chemical characterisation and risk assessment 

Informative Annexe B1 - Categorisation of Materials
The first consideration should be the physical form of the material.  For the purpose of this standard the materials encompassed by the definition may be conveniently divided into several categories.  This division is related to the complexity of the chemical composition of the material.

1.
Polymers, Synthetic
Synthetic polymers may contain components such as unreacted monomer residue, catalyst and solvent residues, oligomers, production aids and modifying additives including pigments.  Many of these will be present at very low levels.  Polymers may also occur as liquids, gels or solids with or without association of other formulation chemicals.

2.
Polymers, Natural
Natural polymers may vary significantly dependent on the biological source and may contain impurities and residues resulting from that source.


NOTE: This standard does not cover risks of infection associated with the biological source.   
Standards which address these issues should be consulted (prEN 12442, Parts 1-3, EN ISO 
14160). Attention is also drawn to EN 455-3 for the assessment of  risks associated with 
protein residues in natural rubber latex.
3.
Metals and Alloys
These materials are normally less complex than polymers in terms of the number of chemical constituents which will be present in significant proportions.

4.
Ceramics
These materials are normally less complex than polymers in terms of the number of chemical constituents which will be present in significant proportions.

5.
Composites

These are combinations of the above and guidance relating to all of the relevant categories is applicable .  

It should be noted that during manufacture and assembly of medical devices from materials in all of the above categories, additional chemical components may be acquired due to the use of processing aids such as lubricants or mould release agents.  As well as the chemical components of the starting material and the manufacturing process aids, adhesive/solvent residues from assembly and also sterilant residues or reaction products resulting from the sterilisation process may also be present in a finished product.

Informative Annex B2 - List of Generic Names of Materials
B2-1 Polymers, Synthetic
Acetal Resin
Copolymer of styrene and MMA
High-density Polyethylene
Low-density Polyethylene
Parylene
Poly(phenylene oxide)
Poly(propylene)
Poly(styrene)
Poly(ethyleneterephthalate)
Poly(vinylchloride)
Polyamide
Polyaryl ether ketones
Polycarbonate
Polyester Resin
Polyetherimide
Polyethersulfone
Polyformaldehyde
Polymethylmethacrylate (PMMA)
Polyphenylene sufide
Polysulfone
Polyvinylacetate (PVA)
Polyvinylpyrrolidone
Copolymer of glycolide and lactide
Poly(dioxanone)
Poly vinyl alcohol (PVA)
Polyanhydrides
Polycaprolactones
Polyethylene oxide (PEO)
Polyglycolide
Polyhydroxybutyrates
Polylactide
Polyorthoesters
Ethylene propylene copolymers
Poly(hydroxyethylmethacrylate)
Polyesterurethane
Polyetherurethane
Polydimethylsiloxane (Silicone)
Polyisoprene
Perfluoroethylenepropylene copolymer (FEP)
Polytetrafluoroethylene (PTFE)
Polyvinylidenefluoride
Polyaryletherketones
Polybutylcyanoacrylate
Epoxy Resin
Phenolic Resin
Polyimide
Annex C  (informative)

Bibliography of International and National Standards and Regulations

Note : This list is not exhaustive but gives examples of some standards and regulations which may be applicable. A range of materials product specific standards exists and may be obtained from the relevant standards development body, e.g., ISO, DIN, ASTM, etc. and may be accessible via the standard body’s website.

ISO and EN Standards
ISO 1135
Transfusion equipment for medical use




Part 3:
Blood-taking set.




Part 4:
Transfusion sets for single use.

ISO 3826
 Plastics collapsible containers for human blood and blood components.

ISO 7886
 Sterile hypodermic syringes for single use




Part 1:
Syringes for manual use.

ISO 8536
 Infusion equipment for medical use




Part 4:
Infusion sets for single use.




Part 5:
Burette type infusion sets.

ISO 10993-9    Biological evaluation of medical devices - Part 9: Degradation of 


  

 materials  related to biological testing.

ISO 10993-13  Biological evaluation of medical devices - Part 13: Identification and 

  

 quantification of degradation products from polymeric medical devices.

ISO 10993-14  Biological evaluation of medical devices - Part 14: Identification and 

  

 quantification of degradation products from ceramics.

ISO 10993-15  Biological evaluation of medical devices - Part 15: Identification and 

  

 quantification of degradation products from uncoated or coated metals and alloys.

ISO 10993-16  Biological evaluation of medical devices - Part 16: Toxicokinetic study design for 

 degradation products and leachables

ISO 14971-1
 Medical devices - Risk management - Application of risk analysis

ISO/TR 10451: 1991 (E) 



 Dental implants - State of the art - Survey of materials

Annex C (continued)

ISO 14160
 Sterilisation of single-use medical devices incorporating materials of animal origin - 

 Validation and routine control of  sterilisation by liquid sterilants   

ISO 5832-1
Implants for surgery - Metallic materials - Part 1: Wrought stainless steel

EN 455-3  
Medical gloves for single use - Part 3: Test methods for biocompatibility and 


requirements  for biocompatibility labelling  

prEN 12442-1 Animal tissues and their derivatives utilised in the manufacture of 



medical devices - Part 1: Risk analysis and management.

prEN 12442-2 Animal tissues and their derivatives utilised in the manufacture of 


 

medical devices - Part 2: Sourcing, controls, collection and handling.

prEN 12442-3 Animal tissues and their derivatives utilised in the manufacture of 


 

medical devices - Part 3: Validation of the elimination and/or 


 

inactivation of viruses and other transmissible agents.

1997  European Pharmacopoeia Monographs

3

Materials for Containers

3.1

Materials used for the Manufacture of Containers

3.1.1

Materials used for containers for human blood and blood components 









3.1.1.1

Materials based on plasticised PVC for containers for human 




blood and blood components

3.1.1.2

Materials based on plasticised PVC for tubing used in sets for 




transfusion of blood and blood components.

3.1.2

Polyolefines.

3.1.3

Polyethylene without additives for containers for preparations for 



parenteral use and ophthalmic preparations.

3.1.4

Polyethylene with additives for containers for preparations for 




parenteral use.

3.1.5

Polypropylene for containers for preparations for parenteral and 



opthalmic preparations.

3.1.6

Poly (ethylene-vinyl acetate)
for containers and tubing for total 




parenteral nutrition preparations.

3.1.7

Silicone oil used as a lubricant.

3.1.8

Silicone elastomer for closures and tubing.

3.1.9

Rubber for closures for containers for aqueous parenteral preparations 



and for powders for freeze-dried products 

3.2

Containers
3.2.1

Glass containers for pharmaceutical use.

3.2.2

Plastic containers and closures for pharmaceutical use.

3.2.2.1

Plastic containers for aqueous solutions for intravenous infusion.

European Agreement on the exchange of therapeutic substances of human origin



(As accepted by the EU in January 1987).

National Pharmacopoeia

United States Pharmacopoeia 23rd Edition



Physico-chemical tests - Plastics.

Japanese Pharmacopoeia



Plastic containers for aqueous infusions.

German Standards

DIN 13098
Sterile hypodermic syringes for single use.

DIN 58363
Transfusion equipment



Part 15: Infusion containers and accessories, infusion bags and bottles made of plastic.

British Standards

BS 2463
Transfusion equipment for medical use



Part 1:
 Collapsible containers for blood and blood components.



Part 2: Administration sets.

BS 3531
Surgical implants made of heat-vulcanised silicone.

BS 5081
Sterile hypodermic needles and syringes for single use.

Annex D (informative)

Example of the Structure of a Material File

Purpose

The purpose of the layout of  this file is to provide a format for (starting) materials to be used in medical device applications. These materials are in general supplied to the medical device manufacturer.

The device manufacturer relies on the quality and consistency of the supplied materials to generate his final product safety profile.

Use 

The Material File can be used to assess whether materials are suitable for their final application (design history), and/or be inserted in certification files.

Material File

TABLE OF CONTENTS

1.
GENERAL INFORMATION


1.1
GENERAL PRODUCT INFORMATION

1.2
MANUFACTURING SITE AND CONTACT NAMES

1.3
SPECIFICATION AND ROUTINE TESTS (LARS)

2.
PRODUCT NOMENCLATURE AND CHARACTERISATION

2.1
DESCRIPTION

2.2
NOMENCLATURE

2.3
PRODUCT (QUALITATIVE) FORMULATION/COMPOSITION

3.
MANUFACTURE

3.1
GENERIC DESCRIPTION OF THE MANUFACTURING PROCESS

3.2
MANUFACTURING QUALITY ASSESSMENT

3.3
ENVIRONMENTAL ASSESSMENT

4.
QUALITY CONTROL DURING MANUFACTURING

4.1
RAW MATERIALS DESCRIPTION AND SPECIFICATIONS

4.2
IN-PROCESS SAMPLING AND TESTING

4.3
PACKAGING MATERIAL

5.
DEVELOPMENT CHEMISTRY

5.1
EVIDENCE OF THE CHEMICAL STRUCTURE

5.2
PHYSICO-CHEMICAL CHARACTERISTICS OF “PRODUCT NAME”


5.2.1  PHYSICO-CHEMICAL PROPERTIES


5.2.2  FUNCTIONAL PROPERTIES

6.
ANALYTICAL DEVELOPMENT AND VALIDATION

7.
BATCH STUDIES

8.
STABILITY STUDIES

8.1
STABILITY CONTAINERS

8.2
STABILITY RESULTS AND CONCLUSIONS

9.
TOXICOLOGY

1.
GENERAL INFORMATION

1.1
General Product Information

A general product history/overview, including raw materials and a brief chemistry and/or process review should be provided.

1.2
Manufacturing Site and Contact Names
Names of manufacturing site(s) and pertinent regulatory contacts should be included.

1.3
Specification and Routine Tests (LARs)

-
testing as performed and including acceptance limits (Sales specifications)

-
Certificates of Analysis

-
regulatory references (material(s) compliance to vertical standards, monographs ....).


Regulatory references of compliance to horizontal standards and on Pharmacopoeia’s shall be

mentioned. These should reflect the section specification/testing of the material.

2.
PRODUCT NOMENCLATURE AND CHARACTERISATION

This section deals with the identity, nomenclature and chemical structure of the product(s) which is (are) the subject of the File. Only brief details of the physical characteristics should be stated, as full details and proof of structure are required later.

2.1
Description

-
physical form(s)

-
structural formula(s)

-
molecular formula(s)

-
relative molecular mass(es)

A brief description should be given of the appearance of the materials(s), where possible. The structural formula(s) should be given diagrammatically with all known stereochemistry indicated conventionally, with molecular formula(s) and relative molecular mass(es). A detailed description of the nature of the substance(s) should be given.

2.2
Nomenclature
-
IUPAC name or internationally recognised name 

-
international non-proprietary name (INN)

-
national approved names, +

-
US adopted name (USAN)

-
laboratory code(s)

-
systemic chemical name(s)

-
other names (e.g. internal proprietary, product names, etc.)

- 
CAS Registry number


example .........

NOTE:  Any lists are only intended to be examples and not meant to be all inclusive.
2.3
Product (qualitative) formulation/composition

Provide a list of raw materials used to product the final material.

3.
MANUFACTURE

-
A concise but comprehensive account of the manufacture of the product(s) should be 
provided.

-
Name and address of manufacturing source.

-
Quality of production; Quality certificates (ISO 9001, cGMP bulk pharmaceutical, cGMP 
Medical Device, etc.

3.1
Generic Description of the Manufacturing Process

When a complete or partial chemical synthesis is involved, the synthesis should be represented by diagrams of the chemical reactions in the form of a flow sheet. An appropriate description should be given of each stage of the manufacture, including, where applicable:

-
solvents and reagents used

-
catalysts used

-
conditions of reactions where these are critical

-
information on intermediates which are isolated and purified

-
details of the final purification and the solvents involved.

3.2
Manufacturing Quality Assessment

Reference quality assessments based on ISO 9001, cGMP bulk pharmaceutical, cGMP Medical Device, etc.

3.3
Environmental Assessment

Emissions concentrations of all substances to the environment have been evaluated for impact outside of the property line of the facility. Waste generated at the manufacturing facility is managed in accordance with all federal, state and local environmental regulations.

4.
QUALITY CONTROL DURING MANUFACTURING
4.1
Raw Materials Description and Specifications
Describe the analytical controls which are applied to ensure that the starting materials, which make a significant contribution to the molecular formula and any reagents, are correctly identified and are shown to be of satisfactory quality. An indication of the content of significant impurities in starting materials should be given. Specifications for solvents used in the final stages of synthesis, crystallisation and/or washing should be submitted.

The criteria for accepting or rejecting batches of these materials should be indicated.

NOTE:  Any lists are only intended to be examples and not meant to be all inclusive.

4.2
In-process Sampling and Testing
The quality control checks which are carried out at each stage of the process and on the isolated intermediates should be described. A statement of the test procedure(s) and criteria for acceptance should be given for each stage, where appropriate.

4.3
Packaging Material
Include specifications and routine tests, if applicable, for packaging materials (containers, closures, labels, etc.):

-
type of material

-
construction

-
quality specifications (routine tests) and test procedures

5.
DEVELOPMENT CHEMISTRY
This section should indicate the research and development which was (were) undertaken on the product(s) to demonstrate/investigate the evidence of their structure and chemical and physico-chemical properties.

The findings described in this section should be reflected in the control tests on the product(s) by which batch-to-batch uniformity is controlled.

5.1
Evidence of the Chemical Structure
A scientific discussion of the chemistry of the product(s) should be given and should include, where applicable, unequivocal proof of structure, configuration, conformation and potential isomerism. Where the synthetic route and structure of the intermediates are cited as evidence of structure, references to relevant published papers in the literature would be helpful. Where relevant, the information might include such evidence as:

-
elemental analysis with theoretical values

-
infra-red spectra with interpretation

-
nuclear magnetic resonance spectra with interpretation

-
discussion on UV characteristics including pH dependent shifts

-
mass spectrum with interpretation and discussion of results

-
discussion of the synthetic route as evidence of structure

-
evidence of structure of key intermediates of synthesis (e.g. using IR, NMR, etc.)

-
characteristic chemical reactions which are diagnostic of the structure of the molecule

-
X-ray crystallography with interpretation and discussion of results

-
optical rotation with discussion of optical purity in the case of isomerism. (Absence of optical 
rotation should be reported when this serves to illustrate that asymmetric molecule is 
racemic)

-
evidence of the indicated relative molecular mass

-
the relevance of the isomer to activity should be discussed.

NOTE:  Any lists are only intended to be examples and not meant to be all inclusive.
5.2
Physico-chemical Characteristics of “PRODUCT NAME”
Information set out under the relevant headings below should cover aspects of physico-chemical characteristics which have been investigated, whether or not they are included in the monograph for the active ingredient. Including a schematic of the synthetic reactions is recommended.

5.2.1
Physico-Chemical Properties
The following sections should include specifications and tests for release (at time of manufacture) including both general characteristics and specific for each of the product(s) covered in the Master File.

5.2.2
Functional Properties
Functional tests as well as other test procedures which were used for identification and quantitative determination during the development of the product(s), but which are not routinely performed on each batch of material produced, should be described here. An indication should be given as to whether the product(s) is (are) crystalline, amorphous, etc. and where relevant, information on:

-
particle size, solvation, melting point, boiling point, etc.

-
the presence of polymorphic forms and the methods of detection and control should be 
discussed, or their absence confirmed

-
the pKa values of the product(s) and the pH in solutions of defined concentration should be 
given. In the case of a salt, this information for the corresponding base or acid should be 
given

-
oil/water partition coefficients, etc....

6.
ANALYTICAL DEVELOPMENT AND VALIDATION
The tests applied and the limits thereby imposed should be stated for:

-
physical characteristics

-
tests for identity

-
standards for purity and limitations of impurity.


Discussion of the precession and accuracy of test procedures is particularly applicable to substances where biological control is necessary.

Analytical validation of methods and comments on the choice of routine tests and standards (e.g. working standards) should be described here. Some EXAMPLES are shown below:

7.
BATCH ANALYSIS
Data should be provided in this section to illustrate the actual results which have been obtained from routine quality control of the product(s). Results should be given, if possible for:

-
batches of material used in the toxicity tests and clinical trials reported in support of the 
application

NOTE:  Any lists are only intended to be examples and not meant to be all inclusive.
-
recent consecutive batches (5) which are representative of the product which will be supplied 
for the purpose covered by the marketing authorisation to show that the proposed methods 
will give routine production material which falls within the specification limits cited.

8. 
STABILITY STUDIES
The purpose of stability tests is to obtain information which enables proposals to be made for the shelf-life.

The purpose of the stability studies is to ascertain how the quality of a product varies as a function of time and under the influence of a variety of environmental factors.

On the basis of the information thus obtained, storage conditions are recommended (the purpose of these studies is to produce recommendations) which will guarantee the maintenance of the quality of the medicinal product in relation to its safety, efficacy and acceptability, throughout the proposed shelf-life.

8.1
Stability Containers
Details of the packaging should be stated as:

-
type(s) of container and closure, and nature of the constituent materials

-
nature of any desiccant used.

8.2
Stability Results and Conclusions
The interpretation should include:

-
the conclusions as to the most appropriate storage conditions for the product

-
recommendations on material shelf-life based on results from stability lot acceptance studies

-
the discussion of the significance of the decomposition products (during storage), particularly 
as regards their potential toxicity.

The conclusion should include:

-
the stability data on the product and the development studies enable a preliminary choice of 
the formulation and packaging material to be made. They enable some consideration to be 
given to the choice of analytical methods and test conditions.

9.
TOXICOLOGY
Results from biological testing as performed are summarised. These test results give a general degree of assurance that the risk of adverse reactions during clinical usage is low.

Testing as performed should refer to an accepted toxicological standard.

Depending on the application, it needs to be decided what further (biological/clinical) testing needs to be performed (for this assessment ISO 10993-1, EN540).

NOTE:

May want to consider including section on degradation of materials per 



ISO 10993-(13-16).

NOTE:  
Any lists are only intended to be examples and not meant to be all inclusive.
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