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Foreword 

This document (EN ISO 10993-10:2010) has been prepared by Technical Committee ISO/TC 194 "Biological 
evaluation of medical devices" in collaboration Technical Committee CEN/TC 206 “Biological evaluation of 
medical devices” the secretariat of which is held by NEN. 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by February 2011, and conflicting national standards shall be withdrawn 
at the latest by February 2011. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 

This document supersedes EN ISO 10993-10:2009. 

This document has been prepared under a mandate given to CEN by the European Commission and 
the European Free Trade Association, and supports essential requirements of EU Directives. 

For relationship with EU Directives, see informative Annex ZA and ZB, which are integral parts of this 
document. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 

Endorsement notice 

The text of ISO 10993-10:2010 has been approved by CEN as a EN ISO 10993-10:2010 without 
any modification. 
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Annex ZA 
(informative) 

Relationship between this European Standard and the Essential Requirements of EU 
Directive 93/42/EEC on Medical Devices 

This European Standard has been prepared under a mandate given to CEN by the European Commission 
and the European Free Trade Association to provide a means of conforming to Essential Requirements of the 
New Approach Directive 93/42/EEC on Medical Devices. 

Once this standard is cited in the Official Journal of the European Union under that Directive and has been 
implemented as a national standard in at least one Member State, compliance with the clauses of this In-
ternational Standard given in Table ZA.1 confers, within the limits of the scope of this European Standard, a 
presumption of conformity with the corresponding Essential Requirements of that Directive and associated 
EFTA regulations. 

Table ZA.1 — Correspondence between this European Standard and Directive 93/42/EEC on 
medical devices

 

Clause(s)/sub-clause(s) of this 
European Standard 

Essential Requirements (ERs) 
of Directive 93/42/EEC 

Qualifying remarks/Notes

4, 5, 6, 7, 8, Annexes A, B and C 7.1, 7.2, 7.5 Within the limits of the Scope of this 
standard. 

6.5 and Annex C 6a Subclause 6.5 and Annex C contain 
requirements that are relevant to clinical 
investigations according to section 2 of 
Annex X, as referred to in essential 
requirement 6a of Directive 93/42/EEC. 

General Note: Presumption of conformity depends on also complying with all relevant clauses/subclauses 
of ISO 10993-1. 

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling 
within the scope of this standard. 
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Annex ZB 
(informative) 

Relationship between this  European  Standard and the Essential Requirements  of 
EU Directive 90/385/EEC on Active Implantable Medical Devices 

This European Standard has been prepared under a mandate given to CEN by the European Commission 
and the European Free Trade Association to provide a means of conforming to Essential Requirements of the 
New Approach Directive 90/385/EEC on active Implantable Medical Devices. 

Once this Standard is cited in the Official Journal of the European Union under that Directive and has been 
implemented as a national standard in at least one Member State, compliance with the clauses of this 
International Standard given in Table ZB.1 confers, within the limits of the scope of this standard, a 
presumption of conformity with the corresponding Essential Requirements of that Directive and associated 
EFTA regulations. 

Table ZB.1 — Correspondence between this European Standard and Directive 90/385/EEC on Active 
Implantable Medical Devices 

Clause(s)/sub-clause(s) of this 
European Standard 

Essential Requirements (ERs) 
of Directive 90/385/EEC 

Qualifying remarks/Notes

4, 5, 6, 7, 8, Annexes A, B and C 9 (first and second indents only) Within the limits of the Scope of 
this standard. 

6.5 and Annex C 5a Subclause 6.5 and Annex C 
contain requirements that are 
relevant to clinical investigations 
according to section 2 of Annex 
7, as referred to in essential 
requirement 5a of Directive 
90/385/EEC. 

General Note: Presumption of conformity depends on also complying with all relevant clauses/subclauses of 
ISO 10993-1. 

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling 
within the scope of this standard. 
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Biological evaluation of medical devices — 

Part 10: 
Tests for irritation and skin sensitization 

1 Scope 

This part of ISO 10993 describes the procedure for the assessment of medical devices and their constituent 
materials with regard to their potential to produce irritation and skin sensitization. 

This part of ISO 10993 includes: 

a) pretest considerations for irritation, including in silico and in vitro methods for dermal exposure; 

b) details of in vivo (irritation and sensitization) test procedures; 

c) key factors for the interpretation of the results. 

Instructions are given in Annex A for the preparation of materials specifically in relation to the above tests. In 
Annex B several special irritation tests are described for application of medical devices in areas other than skin. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 10993-1:2009, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk 
management process 

ISO 10993-2, Biological evaluation of medical devices — Part 2: Animal welfare requirements 

ISO 10993-9, Biological evaluation of medical devices — Part 9: Framework for identification and 
quantification of potential degradation products 

ISO 10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference materials 

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 metals and alloys 

ISO 10993-18, Biological evaluation of medical devices — Part 18: Chemical characterization of materials 

ISO 14155-1, Clinical investigation of medical devices for human subjects — Part 1: General requirements 

ISO 14155-2, Clinical investigation of medical devices for human subjects — Part 2: Clinical investigation plans 

Full document details: BS EN ISO 10993-10:2010

http://www.avadocuments.com/doc/bs-en-iso-10993-10-2010
http://www.avadocuments.com/doc/bs-en-iso-10993-10-2010


BS EN ISO 10993-10:2010BS EN ISO 10993-10:2010BS EN ISO 10993-10:2010
ISO 10993-10:2010(E) 

2 © ISO 2010 – All rights reserved
 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 10993-1 and the following apply. 

3.1 
allergen 
sensitizer 
substance or material that is capable of inducing a specific hypersensitivity reaction upon repeated contact 
with that substance or material 

3.2 
blank 
extraction vehicle not containing the test material, retained in a vessel identical to that which holds the test 
material and subjected to identical conditions to which the test material is subjected during its extraction 

NOTE The purpose of the blank control is to evaluate possible confounding effects due to the extraction vessel, 
vehicle and extraction process. 

3.3 
challenge 
elicitation 
process following the induction phase, in which the immunological effects of subsequent exposures in an 
individual to the inducing material are examined 

3.4 
dose 
dosage 
amount of test sample administered (e.g. mass, volume) expressed per unit of body weight or surface area 

NOTE The terms are often used interchangeably (more commonly dosage). 

3.5 
erythema 
reddening of the skin or mucous membrane 

3.6 
eschar 
scab or discoloured slough of skin 

3.7 
extract 
liquid or suspension that results from exposing a test or control material to a solvent under controlled 
conditions 

3.8 
induction 
process that leads to the de novo generation of an enhanced state of immunological activity in an individual, to 
a specific material 

3.9 
irritant 
agent that produces irritation 

3.10 
irritation 
localized non-specific inflammatory response to single, repeated or continuous application of a substance/material 

NOTE Skin irritation is a reversible reaction and is mainly characterized by local erythema (redness) of the skin. 
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3.11 
necrosis 
cell death as a direct result of irreversible changes caused by injury or disease 

NOTE One should be aware that tissue repair will occur either resulting in complete functional restoration or resulting 
in scar formation. 

3.12 
negative control 
any well-characterized material or substance that, when tested by a specific procedure, demonstrates the 
suitability of the procedure to yield a reproducible, appropriately negative, non-reactive or minimal response in 
the test system 

NOTE In practice, negative controls include blanks, vehicles/solvents and reference materials. 

3.13 
oedema 
swelling due to abnormal infiltration of fluid into the tissues 

3.14 
positive control 
any well-characterized material or substance that, when evaluated by a specific test method, demonstrates 
the suitability of the test system to yield a reproducible, appropriately positive or reactive response in the test 
system 

3.15 
skin corrosion 
production of irreversible damage to the skin, manifested as visible necrosis through the epidermis and into 
the dermis, following application of a test sample 

EXAMPLE The action of a compound/chemical/test sample resulting in ulceration of skin (see 3.19). 

3.16 
skin sensitization 
allergic contact dermatitis 
immunologically mediated cutaneous reaction to a substance 

NOTE In the human, the responses can be characterized by pruritis, erythema, oedema, papules, vesicles, bullae or 
a combination of these. In other species the reactions can differ and only erythema and oedema can be seen. 

3.17 
test material 
material, device, device portion or component thereof that is sampled for biological or chemical testing 

3.18 
test sample 
material, device, device portion, component, extract or portion thereof that is subjected to biological or 
chemical testing or evaluation 

3.19 
ulceration 
open sore representing loss of superficial tissue 

3.20 
vehicle 
liquid used to moisten, dilute, suspend, extract or dissolve the test substance/material 
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4 General principles — Step-wise approach 

The available methods for testing irritation and sensitization were developed specifically to detect skin and 
mucous membrane irritation and skin sensitization potential. Other types of adverse effect are generally not 
predicted by these tests. For medical devices that are used as implants or external communicating devices, 
intradermal testing is more relevant in approaching the application and so for detection of irritation activity, 
intracutaneous testing shall be used as described in 6.4. 

This part of ISO 10993 requires a step-wise approach, which shall include one or more of the following: 

a) characterization of test material, involving chemical characterization and analysis of the test sample 
according to the general principles described in ISO 10993-9, ISO 10993-13, ISO 10993-14, 
ISO 10993-15 and ISO 10993-18; 

b) literature review, including an evaluation of chemical and physical properties, and information on the 
irritation and sensitization potential of any product constituent as well as structurally-related chemicals 
and materials; 

c) in accordance with ISO 10993-2, in vitro tests in preference to in vivo tests shall be considered, and 
replacement of the latter as new in vitro tests are scientifically validated and become reasonably and 
practicably available. For the evaluation of skin irritation and corrosion, in vitro alternatives are available 
for chemicals; there are currently no internationally validated and accepted in vitro tests to detect 
sensitizers; 

d) in vivo animal tests: in order to ensure reproducibility and sensitivity, a test of a positive-control substance 
for irritation and skin sensitization shall be included in each assay by the testing laboratory in order to 
validate the test system and demonstrate a positive response; for guinea pig sensitization assays, 
however, when consistency has been demonstrated over a six month or more extended period, a positive 
control does not need to be included in every assay, but may be run at regular intervals which shall not 
exceed six months. 

NOTE 1 Sensitization can at the moment only be determined by an in vivo assay. This can be accomplished by using 
the local lymph node assay (LLNA) in mice, the occluded patch test in guinea pigs or the guinea pig maximization test 
(GPMT). For single chemicals the LLNA is now the preferred assay for determining the sensitizing potential. 
See References [69] [88] [90]. 

NOTE 2 In vivo animal tests are appropriate when test materials cannot be characterized and risk assessments cannot 
be undertaken using information obtained by the means set out in a), b) and c). 

NOTE 3 For sensitization assays in guinea pigs, ten animals are normally used for positive control once every six 
months. Fewer guinea pigs can be used when an assay with a positive control substance is performed more frequently 
than once every six months. At least five test animals with a positive substance and five control animals should be used. 

e) Non-invasive human tests/clinical trials; if the material has been demonstrated not to be an irritant, a 
sensitizer or toxic in animals, studies on skin irritation may then be considered in humans. 

Clinical studies in accordance with ISO 14155-1, ISO 14155-2 and to ethics principles shall not be performed 
before the results of the other evaluations in a) to d) are known. 

5 Pretest considerations 

5.1 General 

It is important to emphasise that pretest considerations may result in the conclusion that testing for irritation 
and/or sensitization is not necessary. 

The requirements given in Clause 5 of ISO 10993-1:2009 and the following apply. 
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Non-sterile samples shall be investigated by topical investigation only, as the possibility of microbial 
contamination of the test sample could confound the final assay interpretation. In cases where the sterility of a 
test sample cannot be guaranteed, but the sample is still considered to be non-contaminated, intradermal 
administration may be justified. 

5.2 Types of material 

5.2.1 Initial considerations 

It shall be taken into consideration that, during manufacture and assembly of medical devices, additional 
chemical components may be used as processing aids, e.g. lubricants or mould-release agents. In addition to 
the chemical components of the starting material and manufacturing process aids, adhesive/solvent residues 
from assembly and also sterilant residues or reaction products resulting from the sterilization process may be 
present in a finished product. Whether these components pose a health hazard/risk depends on the leakage 
or degradation characteristics of the finished products. These components shall be taken into account for their 
potential irritation/sensitization activity. 

5.2.2 Ceramics, metals and alloys 

These materials are normally less complex than polymers and biologically derived materials in terms of the 
number of chemical constituents. 

5.2.3 Polymers 

These materials are normally chemically more complex than those in 5.2.2 in terms of composition. A number 
of reaction products/impurities/additives may be present and the completeness of polymerization may vary. 

5.2.4 Biologically derived materials 

These materials are inherently complex in their composition. They often also contain process residues, 
e.g. cross-linkers and anti-microbial agents. Biological materials can be inconsistent from sample to sample. 

The methods in this part of ISO 10993 have not been designed for testing of biologically derived materials and 
can therefore be less adequate. For example, the tests in this part of ISO 10993 do not consider cross-
species sensitization. 

5.3 Information on chemical composition 

5.3.1 General 

Full qualitative data on the chemical constituents of the material shall be established. Where relevant to 
biological safety, quantitative data shall also be obtained. If quantitative data are not obtained, the rationale 
shall be documented and justified. 

5.3.2 Existing data sources 

Qualitative and quantitative information on the composition shall be obtained where possible from the supplier 
of the starting material. 

For polymers this often requires access to proprietary information; provision should be made for the transfer 
and use of such confidential information. 

Qualitative information about any additional processing additives (for example, mould-release agents) shall 
also be obtained from appropriate members of the manufacturing chain, including converters and component 
manufacturers. 

Full document details: BS EN ISO 10993-10:2010

http://www.avadocuments.com/doc/bs-en-iso-10993-10-2010
http://www.avadocuments.com/doc/bs-en-iso-10993-10-2010


BS EN ISO 10993-10:2010BS EN ISO 10993-10:2010BS EN ISO 10993-10:2010
ISO 10993-10:2010(E) 

6 © ISO 2010 – All rights reserved
 

In the absence of any data on composition, a literature study to establish the likely nature of the starting 
material and any additives is recommended, so as to assist in the selection of the most appropriate methods 
of analysis for the material concerned. 

The chemical composition of finalized products shall be determined in accordance with ISO 10993-18. 

NOTE The composition of ceramics, metals and alloys can be specified in accordance with ISO or American Society 
of Testing Materials (ASTM) standards and/or can be specified by the user. However, in order to obtain full qualitative and 
quantitative details on composition, it can be necessary to request these from the supplier or manufacturer of the starting 
material and also from component manufacturers to ensure that processing aids are also identified. Material master files 
held by regulatory authorities are another source of data, where they are accessible. 

6 Irritation tests 

6.1 In vitro irritation tests 

In vitro methods, the rat skin Transcutaneous Electrical Resistance (TER) test and the Human skin model test, 
have been internationally validated and accepted as alternative tests to assess the skin corrosivity of 
chemicals (OECD Guidelines 430[9] and 431[10]). National and international organizations continue working to 
develop and validate in vitro tests for skin irritancy in parallel with the search for alternative methods; others 
have been developing methods to quantify the responses of animals and humans in order to better define 
endpoints using non-invasive techniques (see F.1). 

NOTE In 2007 the ECVAM Scientific Advisory Committee (ESAC) evaluated the validation process of an in vitro 
human skin model for the determination of skin irritation of chemicals. See Reference [101]. The use of in vitro human skin 
models for assessing the potential of chemicals to induce skin irritation is described in Annex D. 

The in vitro test for skin irritation has so far been validated only for neat chemicals and not for medical device 
extracts. In order to apply these assays for the testing of irritation potential of medical devices, further 
validation for this specific area is essential. 

6.2 In vivo irritation tests — Factors to be considered in design and selection of in vivo 
tests 

Irritation testing of medical devices can be performed with the finished product and/or extracts thereof. 

Factors affecting the results of irritation studies include the following: 

a) the nature of the device used in a patch test; 

b) the dose of the test material; 

c) the method of application of the test material; 

d) the degree of occlusion; 

e) the application site; 

f) the duration and number of exposures; 

g) the techniques used in evaluating the test. 

Additional background information is provided in Annex F. 

Whilst flexibility with respect to the precise protocol followed allows the investigator to enhance the sensitivity 
of the test to suit conditions of use and population exposure, consistency in procedure contributes to 
comparability of test results with different materials and from different laboratories. 
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Provisions have been included in the test procedures for evaluation of devices and materials that will have 
repeated and/or prolonged exposure. The study shall be designed to exaggerate the anticipated contact (time 
and/or concentration) in the clinical situation. This shall be borne in mind during interpretation of the result. 

If the pH of the test sample is u 2,0 or W 11,5, the material shall be considered an irritant and no further 
testing is required. However, experimental evidence suggests that acidity and alkalinity of the test material are 
not the only factors to be considered in relation to the capacity of a material to produce severe injury. The 
concentration of the test material, its period of contact, and many other physical and chemical properties are 
also important. 

In exceptional cases where further risk characterization/assessment is needed, it might be necessary to test 
materials which are either an irritant or have a pH outside the range mentioned above. These cases shall be 
justified and documented. 

6.3 Animal irritation test 

6.3.1 Principle 

An assessment is made of the potential of the material under test to produce dermal irritation in a relevant 
animal model. 

The rabbit is the preferred test animal. 

6.3.2 Test material 

If the test material is a solid or a liquid, it shall be prepared as specified in Annex A. 

The sensitivity of the assay shall be demonstrated. This can be done by including a positive control in the 
assay. However, the use of a positive control to confirm sensitivity is only warranted when the testing 
laboratory has not within the previous six months produced positive results using the test method. 

NOTE A suitable positive control is sodium lauryl sulphate (SLS). 

6.3.3 Animals and husbandry 

Three healthy young adult albino rabbits of either sex from a single strain, weighing not less than 2 kg, shall 
be used. If irritation is anticipated, consideration shall be given to testing in one animal first. Unless a well-
defined positive response [score greater than 2 for either erythema or oedema (see Table 1)] is observed, a 
minimum of two additional animals shall be used. If the response in the test using the minimum of three 
animals is equivocal, further testing shall be considered. 

The animals shall be acclimatized and cared for as specified in ISO 10993-2. 
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Table 1 — Scoring system for skin reaction 

Reaction Irritation score 

Erythema and eschar formation 

No erythema 0 

Very slight erythema (barely perceptible) 1 

Well-defined erythema 2 

Moderate erythema 3 

Severe erythema (beet-redness) to eschar formation preventing grading of erythema 4 

Oedema formation 

No oedema 0 

Very slight oedema (barely perceptible) 1 

Well-defined oedema (edges of area well-defined by definite raising) 2 

Moderate oedema (raised approximately 1 mm) 3 

Severe oedema (raised more than 1 mm and extending beyond exposure area) 4 

Maximal possible score for irritation 8 

Other adverse changes at the skin sites shall be recorded and reported. 

6.3.4 Test procedure 

6.3.4.1 Preparation of animals 

The condition of the skin is a critical factor. Use only animals with healthy intact skin. Fur is generally clipped 
within 24 h to 4 h of testing on the backs of the animals, a sufficient distance on both sides of the spine for 
application and observation of all test sites (approximately 10 cm × 15 cm). Fur may be re-clipped to facilitate 
observation and/or to accommodate repeated exposures. Depilatories may be used by trained technicians, if 
the process has been validated at the testing facility. If repeated exposure is required, follow the procedures in 
6.3.4.2.1, 6.3.4.2.2 or 6.3.4.2.3, repeated for a maximum of 21 d. 

6.3.4.2 Application of test sample 

6.3.4.2.1 Application of powder or liquid sample 

Apply 0,5 g or 0,5 ml of the test material directly to each test skin site as shown in Figure 1. For solid and 
hydrophobic materials, there is no need for moistening. If the material is a powder, it should be slightly 
moistened with water or other suitable vehicle before application (see Annex A). 

Cover the application sites with a 2,5 cm × 2,5 cm non-occlusive dressing (such as an absorbent gauze patch) 
and then wrap the application site with a bandage (semi-occlusive or occlusive) for a minimum of 4 h. At the 
end of the contact time, remove the dressings and mark the positions of the sites with permanent ink. Remove 
residual test material by appropriate means, such as washing with lukewarm water or other suitable non-
irritating solvent, and careful drying. 
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Key 
1 cranial end 
2 test site 
3 control site 
4 clipped dorsal region 
5 caudal end 

Figure 1 — Location of skin application sites 

6.3.4.2.2 Application of extracts and extract vehicle 

Apply the appropriate extract(s) to the 2,5 cm × 2,5 cm absorbent gauze patches. Use a volume of extract 
sufficient to saturate the gauze, generally 0,5 ml per patch. Apply one patch on each side of the animal as 
shown in Figure 1. Apply a control patch of gauze moistened with the extract vehicle as shown in Figure 1. 

Cover the application sites with a bandage (semi-occlusive or occlusive) for a minimum of 4 h. At the end of 
the contact time, remove the dressings and mark the positions of the sites with permanent ink. Remove 
residual test material by appropriate means, such as washing with lukewarm water or other suitable non-
irritating solvent and careful drying. 

6.3.4.2.3 Application of solid sample 

Apply the samples of the test material directly to the skin on each side of each rabbit as shown in Figure 1. 
Similarly, apply the control samples to each rabbit. When testing solids (which may be pulverized if considered 
necessary), the test material shall be moistened sufficiently with water or, where necessary, an alternative 
solvent, to ensure good contact with the skin (see Annex A). When solvents are used, the influence of the 
solvent on irritation of skin caused by the test material shall be taken into account. 

Cover the application sites with 2,5 cm × 2,5 cm non-occlusive dressings (such as a gauze patch) and then 
wrap the application sites with a bandage (semi-occlusive or occlusive) for a minimum of 4 h. At the end of the 
contact time, remove the dressings and mark the positions of the sites with permanent ink. Remove residual 
test material by appropriate means, such as washing with lukewarm water or other suitable non-irritating 
solvent and careful drying. 
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6.3.5 Observation of animals 

6.3.5.1 General 

Use of natural or full-spectrum lighting is highly recommended to visualize the skin reactions. Describe and 
score the skin reactions for erythema and oedema according to the scoring system given in Table 1, for each 
application site at each time interval, and record the results for the test report. 

NOTE Histological or non-invasive techniques of evaluating the skin reaction(s) can assist in certain cases. 

6.3.5.2 Single-exposure test 

For single-exposure tests, record the appearance of each application site at (1 ± 0,1) h, (24 ± 2) h, (48 ± 2) h 
and (72 ± 2) h following removal of the patches. Extended observation can be necessary if there are 
persistent lesions, in order to evaluate the reversibility or irreversibility of the lesions over a period of time not 
exceeding 14 d. 

6.3.5.3 Repeated-exposure test 

Repeated exposure shall only be carried out after completion of an acute single-exposure test [after at least 
(72 ± 2) h of observation]. 

For repeated-exposure tests, record the appearances of the application site at (1 ± 0,1) h after removal of the 
patches and immediately prior to the next application. The number of exposures can vary. 

After the last exposure, note the appearance of each application site at (1 ± 0,1) h, (24 ± 2) h, (48 ± 2) h and 
(72 ± 2) h following removal of the patches. Extended observation can be necessary if there are persistent 
lesions, in order to evaluate the reversibility or irreversibility of the lesions. This need not exceed a period of 
14 d. 

6.3.6 Evaluation of results 

For single exposure tests, determine the primary irritation index (PII) as follows. 

Use only (24 ± 2) h, (48 ± 2) h and (72 ± 2) h observations for calculations. Observations made prior to dosing 
or after 72 h to monitor recovery are not used in the determination. 

After the 72 h grading, all erythema grades plus oedema grades (24 ± 2) h, (48 ± 2) h and (72 ± 2) h are 
totalled separately for each test sample and blank for each animal. The primary irritation score for an animal is 
calculated by dividing the sum of all the scores by 6 (two test/observation sites, three time points). 

To obtain the primary irritation index for the test sample add all the primary irritation scores of the individual 
animals and divide by the number of animals (generally three). 

When blank or negative control is used, calculate the primary irritation score for the controls and subtract that 
score from the score using the test material to obtain the primary irritation score. 

For repeated exposure assays the primary irritation score for each animal shall be calculated according to the 
principle mentioned above, taking into consideration all evaluation points. For repeated exposure, determine 
the cumulative irritation index as follows. 

Add together the irritation scores of all animals and divide by the total number of animals. This value is the 
cumulative irritation index. 

The cumulative irritation index is compared with the categories of irritation response given in Table 2 and the 
appropriate response category is recorded for the report. 

NOTE The categories of cumulative irritation index are based on the data relating the primary irritation index for 
chemicals in rabbits to the primary irritation response in humans for a number of chemicals that have been tested on both 
species. 
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For any response, record the maximum primary irritation score given in Table 1 for each animal, the time of 
onset of the response and the time to maximum response. 

The primary or cumulative irritation index is characterized by number (score) and description (response 
category) given in Table 2. In case different extracts have been tested, the one giving the highest PII 
determines the response category. 

Table 2 — Primary or cumulative irritation index categories in a rabbit 

Mean score Response category 

0 to 0,4 Negligible 

0,5 to 1,9 Slight 

2 to 4,9 Moderate 

5 to 8 Severe 

6.3.7 Test report 

The test report shall include: 

a) a description of the test material(s) or device; 

b) the intended use/application of the test material(s) or device; 

c) a detailed description of the method employed in preparing the test sample or test material; 

d) a description of the test animals; 

e) the method of application to the test sites and type (semi-occlusive or occlusive) of bandage material; 

f) how the sites were marked, and the readings performed; 

g) records of the observations; 

h) number of exposures and intervals between them, when repeated exposures were carried out; 

i) evaluation of the results. 

6.4 Animal intracutaneous (intradermal) reactivity test 

6.4.1 Introduction 

For medical devices that are used as an implant, the use of an intracutaneous (intradermal) reactivity test is 
indicated. An assessment is made of the potential of the material under test to produce irritation following 
intradermal injection of extracts of the material. 

6.4.2 Exclusion from test 

Any material shown to be a skin, eye or mucosal tissue irritant or material with a pH u 2,0 or W 11,5 shall not 
be tested intradermally. In exceptional cases where further risk characterization/assessment is needed, it 
might be necessary to test materials which are either an irritant or have a pH outside the range mentioned 
above. These cases shall be justified and documented. 

6.4.3 Test sample 

The test sample shall be an extract prepared in accordance with Annex A. As there are multiple test sites on 
each animal, several test samples might be applied together with the appropriate negative controls or blank. 

Full document details: BS EN ISO 10993-10:2010

http://www.avadocuments.com/doc/bs-en-iso-10993-10-2010
http://www.avadocuments.com/doc/bs-en-iso-10993-10-2010


BS EN ISO 10993-10:2010BS EN ISO 10993-10:2010BS EN ISO 10993-10:2010
ISO 10993-10:2010(E) 

12 © ISO 2010 – All rights reserved
 

6.4.4 Animals and husbandry 

Healthy young adult albino rabbits of either sex from a single strain, weighing not less than 2 kg, shall be used. 
The animals shall be acclimatized and cared for as specified in ISO 10993-2. A minimum of three animals 
shall initially be used to evaluate the test material. If irritation is anticipated, consideration shall be given to 
testing in one animal first. Unless a well-defined positive response [score greater than 2 for either erythema or 
oedema (see Table 1)] is observed, a minimum of two additional animals shall be used. If the response in the 
test using the minimum of three animals is equivocal, further testing shall be considered. 

6.4.5 Test procedure 

Within a 4 h to 18 h period before testing, closely clip the fur on the backs of the animals, allowing a sufficient 
distance on both sides of the spine for injection of the extracts. 

Inject intracutaneously 0,2 ml of the extract obtained with polar or non-polar solvent at five sites on one side of 
each rabbit. Use the smallest needle appropriate to the viscosity of the test material for the intradermal 
injections. 

An example of the arrangements of the injection sites is presented in Figure 2. 

Similarly, inject 0,2 ml of the polar or non-polar solvent control on five sites of the contralateral side of each 
rabbit (for example, see Figure 2). 

If other solvents are used, repeat the above steps for the extract obtained with the other solvents and the 
solvent controls. 

 

Key 
1 cranial end 
2 0,2 ml injections of polar extract 
3 0,2 ml injections of non-polar extract 
4 0,2 ml injections of polar solvent control 
5 0,2 ml injections of non-polar solvent control 
6 caudal end 

Figure 2 — Arrangement of injection sites 
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6.4.6 Observation of animals 

Note the appearance of each injection site immediately after injection and at (24 ± 2) h, (48 ± 2) h and 
(72 ± 2) h after injection. 

Grade the tissue reaction for erythema and oedema according to the system given in Table 3 for each 
injection site and at each time interval observed, and record the results. 

NOTE Intradermal injection of oil frequently elicits an inflammatory response. 

Intravenous injection of an appropriate vital dye, such as Trypan blue or Evans blue, might be undertaken at 
the (72 ± 2) h reading to assist in evaluation of the response by delineating the area of irritation. 

Non-invasive techniques might be used to assist in the evaluation if they are available. 

Table 3 — Grading system for intracutaneous (intradermal) reactions 

Reaction Numerical grading 

Erythema and eschar formation 

No erythema 0 

Very slight erythema (barely perceptible) 1 

Well-defined erythema 2 

Moderate erythema 3 

Severe erythema (beet-redness) to eschar formation preventing grading of erythema 4 

Oedema formation 

No oedema 0 

Very slight oedema (barely perceptible) 1 

Well-defined oedema (edges of area well-defined by definite raising) 2 

Moderate oedema (raised approximately 1 mm) 3 

Severe oedema (raised more than 1 mm and extending beyond exposure area) 4 

Maximal possible score for irritation 8 

Other adverse changes at the injection sites shall be recorded and reported. 

6.4.7 Evaluation of results 

After the (72 ± 2) h grading, all erythema grades plus oedema grades (24 ± 2) h, (48 ± 2) h and (72 ± 2) h are 
totalled separately for each test sample or blank for each individual animal. To calculate the score of a test 
sample or blank on each individual animal, divide each of the totals by 15 (3 scoring time points × 5 test or 
blank sample injection sites). To determine the overall mean score for each test sample and each 
corresponding blank, add the scores for the three animals and divide by three. The final test sample score can 
be obtained by subtracting the score of the blank from the test sample score. The requirements of the test are 
met if the final test sample score is 1,0 or less. If at any observation period the average reaction to the test 
sample is questionably greater than the average reaction to the blank, repeat the test using three additional 
rabbits. The requirements of the test are met if the final test sample score is 1,0 or less. 

NOTE The blank control sample is either the polar or the non-polar solvent control as mentioned in Figure 2. 
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6.4.8 Test report 

The test report shall include: 

a) a description of the test material(s) or device; 

b) the intended use/application of the test material(s) or device; 

c) a detailed description of the method employed in preparing the test samples; 

d) a description of the test animals; 

e) the method of injection; 

f) how the site readings were performed; 

g) a record of the observations; 

h) an assessment of the results. 

6.5 Human skin irritation test 

6.5.1 Introduction 

At present, the prediction of human cutaneous irritation for the purpose of hazard identification relies primarily 
on the use of experimental animals (see Annex F). There are, however, problems in extrapolating from 
animals to humans. For chemicals to which human exposure is high (e.g. cosmetics and detergents), risk 
assessments are performed using human skin patch tests. 

Human studies can serve several purposes: 

a) direct identification of human hazard by testing chemicals in humans rather than in laboratory animals; 

b) provision of risk assessment of certain chemicals to which human exposure is high; 

c) facilitation of extrapolation to humans of data obtained previously from laboratory animal studies. 

This part of ISO 10993 allows skin irritation data to be obtained directly from humans for purposes of hazard 
identification. Its aim is to determine whether a material presents a significant skin irritation hazard following 
acute exposure. 

Clinical tests shall be performed in accordance with ISO 14155-1 and ISO 14155-2. Additional specific 
requirements for clinical tests are described in Annex C. 

NOTE F.1 gives further information on irritation tests. 

6.5.2 Initial considerations 

Adequate information on the toxicity profile of the material and (where relevant) its constituent chemicals, 
including percutaneous absorption data, shall be available to indicate that the study does not present any 
significant health risk. 

Materials shall not be tested on humans if: 

a) they have been shown to be irritant in a predictive assay, either in vitro or in vivo; 

NOTE In certain situations it might be necessary to perform additional testing of irritant samples/extracts of 
products in humans in order to further characterize the potential human risk. 
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b) they have been shown to be corrosive in a predictive assay, either in vitro or in vivo; 

c) potential corrosivity for human skin can be predicted on the basis of structure/activity relationships and/or 
physicochemical properties such as strong acid or alkaline reserve; 

d) they present a risk of skin or respiratory tract sensitization; 

e) they present any acute toxicity hazard under test conditions; 

f) they present any genotoxic, reproductive or carcinogenic hazard. 

Further requirements and guidance on the selection of human volunteers can be found in Annex C and 
Annex F. 

7 Skin sensitization tests 

7.1 Choice of test methods 

There are currently three animal assays available for the determination of the skin sensitizing potential of 
chemicals. These include two guinea pig assays and one murine assay. So far, the two most commonly used 
methods for testing for skin sensitization are the Guinea Pig Maximization Test (GPMT) and the closed-patch 
test (Buehler test). Of these the maximization test is the most sensitive method. See Reference [51]. The 
closed-patch test is suitable for topical products. 

The murine Local Lymph Node Assay (LLNA) was internationally accepted for testing single chemicals as a 
stand-alone alternative to the guinea pig assays, and is now the preferred assay for chemicals. See 
References [69] [88] [91]. In some instances guinea pig assays can be necessary for the evaluation of the 
sensitizing potential of certain test samples. Such might be true in the case of false negatives, false positives, 
certain metals and high molecular weight substances, which do not penetrate the skin. One should be aware 
that irritant activity can also result in positive lymph node responses. 

In view of the provisions laid down in ISO 10993-2 on animal welfare requirements, the LLNA shall be taken 
into consideration. In addition to animal welfare considerations, the LLNA has the advantage of providing 
objective quantitative data. 

NOTE All three assays were developed for the detection of skin sensitizing potential of chemicals, i.e. contact 
dermatitis, delayed type (type IV) hypersensitivity. 

7.2 Murine Local Lymph Node Assay (LLNA) 

7.2.1 Principle 

Following topical treatment of a test sample on the dorsum of the ears, the extent of lymphocyte proliferation 
is measured in the lymph nodes that drain the sites of application (ears). A response in cellular proliferation of 
threefold or more compared with the activity of the controls is the threshold for designating a test material as a 
sensitizer. 

The LLNA shall be performed using a dose response approach when substances are used. For final 
products/medical devices it can be sufficient to test only the undiluted extract. 

NOTE The Bibliography contains representative LLNA publications. Laboratories conducting this assay are 
encouraged to review these and other relevant publications available. In addition, in vitro alternatives for the LLNA are 
currently being developed. For up-to-date information for these developments, references to the ECVAM, ICCVAM and 
JaCVAM websites are provided in the Bibliography. See References [114] [115] [116]). 
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7.2.2 Test sample preparation 

The test sample shall be a liquid, suspension, gel or paste such that it can be applied to the ears of the mice. 
Where possible, a series of doses (dilutions) shall be investigated. Otherwise, the highest concentration 
prepared as a chemical solution or suspension or as an extract should be used. Systemic toxicity and 
excessive local skin irritation can invalidate the test results; these reactions should therefore be avoided. In 
certain circumstances, pre-testing can be necessary. 

A commonly used vehicle for substances/chemicals is an acetone olive oil (AOO) 4:1 mixture. Liquid samples 
that are hydrophilic and/or do not adequately adhere to the skin of the ear should be modified to adhere to the 
test site. This can be obtained by adding an agent like carboxy methyl cellulose or hydroxyethyl cellulose 
(0,5 % w/v). For water soluble chemicals, dimethyl sulfoxide (DMSO) or dimethyl formamide (DMF) are 
preferred above the surfactant Pluronic® L92. See Reference [89]. Alternatively, other extract vehicles can be 
used, as mentioned. See Reference [88]. The effect of additions to the extract media and/or changes in 
vehicle composition shall be validated and documented. This might be done by experiments using weak to 
moderate sensitizers as commonly used as positive control. In addition, spiking of the test sample with a 
positive control might be performed in order to demonstrate that the prepared extract is still able to detect the 
presence of potential sensitizers. The methods of extraction are described in ISO 10993-12. 

For each administration, a separate extract shall be prepared. 

NOTE For polymers, information on a specific method for preparation of extracts is given in Annex E. 

7.2.3 Animals and husbandry 

Healthy female mice of the CBA/Ca or CBA/J strain shall be used, unless another strain is validated. See 
References [88] [96]. Several mouse strains have been reported as acceptable (DBA/2, B6C3F1, BALB/c). 
See Reference [90]. The mice shall be non-pregnant and eight to twelve weeks of age; the mice in each study 
shall be matched in age (within a one-week age range). Male mice might be used if shown to be equivalent to 
the female sensitivity level. 

Husbandry and selection of animals shall be in accordance with ISO 10993-2. The mice, routinely 
acclimatized to the laboratory, shall be individually identified. For certain test samples, individual housing can 
be necessary. This shall be justified and documented. 

NOTE When group housing is performed, cross contamination and unwanted oral intake should be taken into 
consideration. 

7.2.4 Test procedure 

For chemicals, the LLNA is generally performed in a dose-response manner. For medical devices, samples to 
be tested may be extracts. In these cases, only a single dose is available for testing. In general, the extract 
can be investigated undiluted. However, when the extract contains highly toxic components, this can result in 
a negative response in the LLNA due to toxicity. It is therefore recommended, when investigating highly toxic 
extracts (see ISO 10993-5) to perform the LLNA in a dose-response manner and to dilute the extract. 

In order to ensure reproducibility and sensitivity of the test procedure, tests with well-known weak to moderate 
contact allergens, e.g. mercaptobenzothiazole, hexyl cinnamic aldehyde and benzocaine, shall be included in 
each assay. The examples mentioned might not be suitable for each vehicle used for sample preparation 
(i.e. water based vehicle); in such cases, another positive control might be selected. This shall be justified and 
documented. When the assay is performed frequently, positive controls do not have to be included in each 
assay, however they shall be included at least once every six months. 

The individual body weights shall be recorded at initiation and at the end of the study. In order to detect 
potential toxicity of the test sample, clinical observation shall be performed and recorded during the study. 
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