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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

No known surgical implant material has ever been shown to be completely free of adverse reactions
in the human body. However, long-term clinical experience of the use of the material referred to in
ISO 13779 has shown that an acceptable level of biological response can be expected, if the material is
used in appropriate applications.

The biological response to hydroxyapatite coatings has been demonstrated by a history of clinical use
and by laboratory studies (see References [1], [2], [3], [4], [5], [6]).

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 13779-2:2018(E)

Implants for surgery — Hydroxyapatite —

Part 2:
Thermally sprayed coatings of hydroxyapatite

1
Thi

Scope

5 document specifies requirements for single layer thermally sprayed hydroxyapatit

applied to metallic surgical implants.

Thd
bet
inte

NO1
doc

NOT

se requirements are intended to describe properties of the materials and\to commun
veen organizations. These requirements are not written with the objective of replacing a
rnal operational and assessment requirements although they could be used as such.

E1  For thin coatings with a thickness of less than 50 um, some, of the test methods descr
hment might be difficult to apply without modification.

E2 The requirements of the hydroxyapatite layer of duaklayer coatings (consisting of a

of npetallic coating and an upper layer of hydroxyapatite coating) c¢an follow this document; hows

met|
refe
layé

Thi
pho

NOT
sprg
cont

NO1
also
coat
cha

2

Thd
con
und

hods referred to in this document cannot be applied to dual layer coatings. If this document
rence for the requirements of the hydroxyapatite layer of\dual layer coatings, a rationale on hoy
I tested coupons are representative of the dual-layer, cdated implant might be considered necess

5 document does not cover coatings made from glasses, glass ceramics, alpha- and beta
sphate, biphasic calcium phosphate or otherdorms of calcium phosphate.

E3  While the requirements in this doemment are intended to be used as specifications of
yed coating of hydroxyapatite, it might be necessary to establish routine control procedure
rol tests and their time intervals to-make sure the characteristics of the coating stay within speq

E4  This document was devieloped with a focus on plasma sprayed coating of hydroxyapat|
be used to characterize otherthermally sprayed coatings of hydroxyapatite. However, therm

acterizations beyond these identified in this document.

Normativeseferences

following 'documents are referred to in the text in such a way that some or all of th
Stitutes™requirements of this document. For dated references, only the edition cited 4
ated Teferences, the latest edition of the referenced document (including any amendmen

ISO

4288, Geometrical Product Specifications (GPS) — Surface texture: Profile method —

e coatings

icate these
company’s

ibed in this

lower layer
ver, testing
is taken in
y the single-

Ar'y.

Ltricalcium

@ thermally
b specifying
ified limits.

te. It might
lly sprayed

ings that do not have a(history of clinical use might present different risks and might needl additional

Pir content
pplies. For
[s) applies.

Rules and

procedures for the assessment of surface texture

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

ISO 13779-3, Implants for surgery — Hydroxyapatite — Part 3: Chemical analysis and characterization of
crystallinity ratio and phase purity

ISO 13779-4, Implants for surgery — Hydroxyapatite — Part 4: Determination of coating adhesion strength

ISO

13779-6, Implants for surgery — Hydroxyapatite — Part 6: Powders

ASTM F1044, Standard Test Method for Shear Testing of Calcium Phosphate Coatings and Metallic Coatings
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ASTM F1854, Standard Test Method for Stereological Evaluation of Porous Coatings on Medical Implants

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 13779-3 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISOOn

IEC Elg

line browsing platform: available at https://www.iso.org/obp

r‘frnppdin- available at httn: //ararw electropnedia.org/

31
thermally
coating for

Note 1 to er]
“thermally s

4 Coati

The powd
ISO 13779

Unless dod

sprayed hydroxyapatite coating
med by thermal spraying of hydroxyapatite powders

try: For the purpose of this document, the terms “coating” and “hydroxyapatite/toating” both n
prayed hydroxyapatite coating”
ng preparation

br used for thermal spraying of the hydroxyapatite coating shall be in accordance v
6.

umented and justified by the manufacturer, all test specimens shall be prepared using

same production methods of regular implant components, including initial hydroxyapatite pow

substrate
parameter

5 Requ

5.1 Gen

material, production installations, substrate suxface preparation process, coating pro
5, cleaning and sterilization.

irements

bral

The minimum requirements for the hydrexyapatite coating are established in 5.2 to 5.8.

Other char

order to sa

NOTE 1
Annex A to

|

5.2 Calc

Coating sh

hcterization tests, such @sithose described in A.2, A.3 and A.4, might also be requested (e.
Esfy applicable natiohal or regional regulation).

addition to the fests described in 5.2 to 5.8, some regulatory bodies can request the tests giveg
tharacterize théhydroxyapatite coating.

jum to-phosphorus ratio (Ca:P)

11l be Scraped from the substrate before testing.

ean

vith

the
der,
Fess

-

nin

The calciu

accordance with ISO 13779-3.

m 0 phosphorus ratio, Ca:F, oI the hydroxyapatite ceramic coating shall be determined in

The calcium to phosphorus ratio, Ca:P, shall have a value in the range of 1,61 to 1,76 for the atomic ratio.

NOTE

Calcium to phosphorous ratio is usually not influenced by the thickness of the coating.

5.3 Trace elements

Coating shall be scraped from the substrate before testing. The amount of sample required for chemical
analysis is dependent on the chemical analysis technique used. The amount of sample used shall be
sufficient to achieve adequate quantification limits. The technique used to remove the coating shall

© ISO 2018 - All rights reserved
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minimize the chance of contamination of the coating: care shall be taken to use appropriate tools and
avoid contamination with particles coming from the substrate.

The trace element concentrations shall be determined as specified in ISO 13779-3. Heavy metals shall
be as specified in ISO 13779-3.

The maximum allowable limits of specific trace elements and heavy metals for hydroxyapatite coatings
are given in Table 1.

Any trace element likely to be present with more than 1 000 mg/kg shall be identified. These elements
shall be quantified and if present with more than 1 000 mg/kg, their influence on biocompatibility shall
be 455€55€d according to 15U 10993-1 as well as their int[uence on bone neating.

Table 1 — Limits of specific trace elements

Maximum limit
Trace element
mg/kg
Arsenic 3,0
Cadmium 5,0
Mercury 5,0
Lead 30,0
Heavy metals 50,0
(total)

5.4 Foreign crystalline phases
Coalting shall be scraped from the substrate before\testing.

Theg foreign crystalline phases content, expressed as the foreign crystalline phase to [crystalline
hydroxyapatite ratio, shall be determined’ as specified in ISO 13779-3. The sum of aftricalcium
phasphate, S-tricalcium phosphate and fetracalcium phosphate shall not exceed 30,0 % apd the Ca0O
confent shall not exceed 5,0 %.

NOTE1 For coatings with a thickness over 50 um the foreign crystalline phases content is |usually not
inflylenced by the thickness of the'coating.

NOTE 2  Arationale on the limits set for foreign crystalline phases content is included in Annex B.
NOTE 3  Within the-limiits allowable per the present document, any increase of the a-tricalciun] phosphate,

B-trjcalcium phosphiate’and tetracalcium phosphate total content might increase the solubility of the coating. A
signfificant variatign-in this total content might impact the functionality of the coating.

5.5| Crystallinity ratio

C0a|ting shall be scraped from the substrate before testing.

The crystallinity ratio shall be determined following the method described in the ISO 13779-3.
The crystallinity ratio shall be not less than 45 %.

NOTE1 The crystallinity ratio of the coating can be influenced by the thickness of the coating. First deposited
layers of the coating can have a lower crystallinity ratio than upper layers. Therefore, it might be sensible within
a validation process to determine crystallinity ratio on coupons with a coating thickness within or below the
lowest quartile of the specification for the thickness of the coating.

NOTE 2 A method to evaluate the thickness of the coating can be found in ASTM F1854. This method requires
to prepare metallographic sections and is thus destructive. However, it can be correlated to, but might not
provide identical results as, non-destructive methods like Eddy current or micrometer.

© ISO 2018 - All rights reserved 3
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5.6 Morphology

The morphology of the Hydroxyapatite coating (thickness, roughness and microscopical observation)
shall be assessed on the final device, if possible. If the morphology tests are not performed on the final
device because the requirements of the applied standard cannot be met due to geometry of the device,
coupons may be used and their representativeness to the final device shall be justified.

The average thickness and the tolerances, in pm, shall be determined in accordance with ASTM F1854.
No acceptance criterion is defined in this International Standard for average thickness. The acceptance
criteria for tolerances of average thickness of the Hydroxyapatite coating in the different areas of the

implant shall be defined and documented for each implant.

Roughness
is defined
roughness

Scanning H
surface an
Standard f
of the surf:

NOTE
used to hely

5.7 Coat
Whether t

applicatior].

strength tg

T

(Rq or Rg), in pm, shall be determined in accordance with ISO 4288. No acceptance ctite
in this International Standard for roughness. The acceptance criteria for tolerance
(Rq or R;) of the Hydroxyapatite coating shall be defined and documented.

lectron Microscopy (SEM) or optical microscopy observation of the Hydrekyapatite coa
 cross-section shall be performed. No acceptance criterion is defined in-this Internati
br this test. The aim is to characterize qualitatively the porosity of the coating and the pr
ice of the coating.

he data obtained by observation of the Hydroxyapatite coating surface and cross-section ca
evaluate an intended process change or to compare two different Hydroxyapatite coatings.

ing strength

bnsile or shear adhesion strength are appropriate’properties to be tested depends on
Static tensile adhesion strength testing according to ISO 13779-4 or static shear adhe
sting according to ASTM F1044 shall be performed. If the application demands both sfj

Fion
of

12}

[ing
nal
file

h be

the
bion
atic

tensile and static shear adhesion strength, both testsshall be performed.

Hhesion strength testing is performed;the mean tensile coating adhesion strength shalll be
in 15 MPa and no individual result shall be less than 10 MPa.

If tensile a
not less th4

NOTE1 ISO 13779-4 provides requirements’on the number and geometry of coupons to use for tepsile
strength tedting.

If shear adhesion strength testing(s,performed, the mean shear coating adhesion strength shall belnot
less than 1p MPa and no individtual result shall be less than 10 MPa.

For shear ddhesion strengthAesting, a minimum of 10 coupons shall be used.

The coating might affect-the fatigue properties of the implant. ASTM F1160 can be useful to compare
fatigue properties of-thi€ substrate before and after coating. The fatigue properties of the implant mjght
have to be jnvestigatéd on the final product.

NOTE 2 hess

he adhes1on strength results might be 1r1fluenced by the thlckness of the coatmg ngh thlck
coatings might‘re 2
process to determlne adhesion to the substrate on coupons with a Coatmg thickness w1th1n or above the hlghest
quartile of the specification for the thickness of the coating.

NOTE3 A method to evaluate the thickness of the coating can be found in ASTM F1854. This method requires

to prepare metallographic sections and is thus destructive. However, it can be correlated to non-destructive
methods like Eddy current or micrometer.

5.8 Accuracy of test methods
Accuracy of test methods shall be determined.

NOTE ISO 13779-3 provides requirements for the determination of accuracy of chemical analysis, foreign
phases content, crystallinity ratio and Ca:P ratio test methods.

© ISO 2018 - All rights reserved
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Test report

The test report shall include at least the following information:

a)
b)

c)
d)
e)
f)
g)
h)
i)

j)

k)

reference to this document, i.e. ISO 13779-2:2018;

identification of the test sample, including: source, references, coating thickness, form, date of

receipt;

number of test samples used for each test;

tharafarancn o thn tact onthoad o d S d oo ayy (caon ©
e

TIIC T CTICTCTIIce—to—trrc—rtc st trrotr oot

calcium to phosphorous ratio results (see 5.2);
trace elements method and results (see 5.3);

foreign crystalline phases analysis results (see 5.4);

crystallinity ratio results (see 5.5);

specified minimum and maximum average thickness and results of the measuremsg
average thickness and tolerances of the Hydroxyapatite coatingin the different areas of
(see 5.6);

specified minimum and maximum roughness (R, or‘®;) and results of the measu
roughness (R, or Ry) (see 5.6);

Scanning Electron Microscopy (SEM) or opticalniicroscopy observations of the Hydt
coating (see 5.6);

rationale for choosing the static tensile strength test or the static shear strength test (sg

ints of the
he implant

rements of

oxyapatite

e5.7);

coating adhesion strength or shear strength results, including: individual results on edch coupon,

mean value and standard deviation (see 5.7);
if applicable, the results of the tests described in Annex A;
dates of the tests;

identification and ac¢creditation of the laboratory carrying out the test.
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Annex A
(informative)

Other possible characterization tests

A.1 General

The charadterization tests, such as those described in A.2 and A.3, might be requested (e.g. inordd
satisfy applicable national or regional regulation).

A.2 Disgolution

Coating shall be scraped from the substrate before testing.

Dissolution of the sample obtained should be assessed in accordance with ASTM F1926[Z.
Initial and [final dissolution rates and pH shall be recorded.

The data obtained can be used for characterization purposes of the epating and to help evaluate pro
change or fo compare two different Hydroxyapatite coatings.

A.3 Infrpred spectroscopy
Coating shall be scraped from the substrate before testing.

Fourier Transformation Infrared Spectroscopy.(FT-IR) shall be conducted on the sample obtained.

NOTE A detailed method for FT-IR analysisis‘described in Reference [8].

All functignal groups of HA should be detected. At least the presence of the functional group
oxyapatite| nitrate, carbonate, and hydrogen-phosphate impurities should be assessed. The presend
any of these impurities shall be doeumented and justified.

The data obtained can be usedfor characterization purposes of the coating and to help evaluate pro
change or o compare two-different Hydroxyapatite coatings.

A.4 Shear fatigue strength

Shear fatigue adkiésion strength should be assessed in accordance with ASTM F1160[2].

r to

CESS

5 of

e of

LESS

At least 5 cedpens—sha
cycles without failure.

107
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Annex B
(informative)

Comparison of foreign crystalline phases content limits

A common limit was set for a-tricalcium phosphate, B-tricalcium phosphate and tetracalcium phosphate
total-content-because—theseforeignphases-have—a—similar-biclegical-effect—they—ean—pregmote bone
growth but are more resorbable than hydroxyapatite. In the 2008 version of this document;tie limit was

droxyapatite is composed of crystalline hydroxyapatite, crystalline foreign phases and amorphous
phalse). Moreover, per the 2008 version of this document, the crystalline hydfoxyapatite dontent had
to e 50 w% or greater, expressed as weight percent relative to the total mass of coating.|Therefore,
whé¢n expressed as percentage relative to the crystalline hydroxyapatite,"the maximum limit of the
2008 version of this document for each foreign phase was 10 % and the.limit for the sum of oftricalcium
phasphate, B-tricalcium phosphate and tetracalcium phosphate was$.30 %. This limit was fadopted in
thelcurrent version of this document.

With respect to Ca0, as this foreign phase might impair the biocompatibility of the coating and as
thermally sprayed coatings of hydroxyapatite usually don’t exceed 5 % of CaO expressed as a percentage
reldtive to the crystalline hydroxyapatite, a limit of 5 %,was set.

© ISO 2018 - All rights reserved 7
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Limits per ISO 13779-2 (2008)

Expressed as
w% relative to
the total mass

Expressed as w%
relative to the
crystalline HA as
measured per

New Limits per current version
of IS0 13779-2

Expressed as w%

relative to the

crystalline HA as

measured per

of coatin,
8 IS0 13779-3 1SO 13779-3
‘g Mass nfrr\/cl‘n”inp Mass nfrr\/cl‘nllinp
*g HA: reference HA: reference
3 denominator) for denominator) far
HA 250 w% S| reulati )t HA ( tor) f
G 2 calculation of calculation of
§ < foreign crystalline foreign crystalline
S phase contents phase contents
n =
= E o .
B-TCP sw | S8 <10 w% relative
& to reference
S < <10 w% relative B-TCP Sum <30 w%
o-TCP <5w% § g - to re f(:erence + a-TCP relative to
= 8 <10 W% relati + TTCP reference
TTCPYY s5w% § S .S =10 Wb refative
£ 3 to reference <5 w9% relative
D R = = 0, : [HMD [HH = 0
licao ] sswo | S S <10 w% relative a0, to reference
A IR 25 to reference : o
- [
: L S —
, oS
o S S
(%)
: g 2 |
S S A h’ ,
~ g ~ Amorph-
" Amorph- S5
S ous
ous Balance | S 3
. QL
)
=
5
%
~

To complerpent the explahation in the text and the figure above, the following example is included:

EXAMPLE
— 660w

Figure B.1 — Comparison of foreign crystalline phases content limits

If a coating is composed of:

o HAsexpressed as weight percent relative to the total mass of coating;

— 2,0 w%

B-TCP, expressed as weight percent relative to the total mass of coating;

— 3,0 w% o-TCP, expressed as weight percent relative to the total mass of coating;

—  4,8w% TTCP, expressed as weight percent relative to the total mass of coating;

— 1,8 w% CaO, expressed as weight percent relative to the total mass of coating;

— 22,0 w% amorphous phase, expressed as weight percent relative to the total mass of coating.

The w% of foreign crystalline phases, relative to the crystalline HA as measured per ISO 13779-3 are:

— 3,0 w% B-TCP, relative to the crystalline HA;

—  4,5w% a-TCP, relative to the crystalline HA;

— 7,3w% TTCP, relative to the crystalline HA;
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