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reword

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.
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Introduction

No known surgical implant material has ever been shown to cause absolutely no adverse reactions
in the human body. However, long term clinical experience of the use of hydroxyapatite has shown
that an applicable level of biological response can be expected, if the material is used in appropriate
applications.

Biocompatibility and resorption rate of hydroxyapatite material for surgical application may depend
of the presence of trace elements, foreign crystalline phases and crystallinity ratio. Amorphous
calcium phosphate, tetracalcium phosphate, a-tricalcium phosphate and S-tricalcium phosphate have

CaOandh

avy metals may impair the biocompatibility of the material. As a consequence, it is impor

demonstrq:ed to have a higher solubility and may resorb more rapidly than hydroxyapatite in the-b

to assess tlhe composition of the material.

In this fiel
under cont
method for
is introduc

[, the assessment of the different crystalline and amorphous phase components has b
inuing development (of both equipment and processing software). In this' document a
measuring the crystallinity ratio of hydroxyapatite is introduced and, the 'Rietveld met
ed as an alternative method for measuring the foreign phase content.
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Chemical analysis and characterization of crystallinity
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Scope

5 document specifies methods of test for the chemical analysis, assessment of crystallinif
se composition of hydroxyapatite-based materials such as powders, coating'or’bulk prod

E These tests are intended to describe properties of the material and to.communicate the

nizations. These tests are not written with the objective of replacing a cempany’s internal ope
ssment tests although they could be used as such.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated‘references, only the edition cited 3
ated references, the latest edition of the referenced@document (including any amendmen

3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wir

3696, Water for analytical laboratory use = Specification and test methods

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and [EC maintain terminological databases for use in standardization at the following ad

[SO Online browsing-platform: available at https://www.iso.org/obp

IEC Electropediavavailable at http://www.electropedia.org/

bration'curve
ulating\plot translating the ratio of integrated intensity of foreign phases, measured o
Faction pattern into the mass fraction of foreign phases compared to crystalline hydroxy

y ratio and
ucts.

se between
fational and

Pir content
pplies. For
[s) applies.

e cloth

dresses:

h the X-ray
apatite

3.2

detection limit

DL

lowest quantity of the foreign phase or trace element that can be distinguished from the absence of that
foreign phase or trace element

Note 1 to entry: Requirements and procedure for estimating the detection limit of foreign phases is established
in 5.6.3.

© ISO 2018 - All rights reserved
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3.3

quantification limit

QL

lowest qua

ntity of the foreign phase or trace element that can be quantified

Note 1 to entry: Requirements and procedure for estimating the quantification limit of foreign phases is

established

3.4
height

in 5.6.3.

distance between the peak summit and the base line of the X-ray diffraction pattern from which the

backgroun|

3.5

integratec
area betwe
backgroun|

3.6
scraping
removal of

3.7

signal:noi
height of a
oscillation

[ has been subtracted

| intensity
pen the plot of the peak and the base line of the X-ray diffraction pattern from which
d has been subtracted

the coating from the base material minimising contamination fromof the base material it

Se ratio
peak of the x-ray diffraction pattern divided by the maximum deviation of the base

Note 1 to enftry: The height of each peak of the X-ray diffraction pattern divided by the maximum deviation o

base line os

3.8
a-tricalciy
a-TCP
chemical c

Cillation near to the peaklocation, in an area not likelyto present a crystalline phase peak.

m phosphate

bmpound with a crystallographic structure characterized by IC DD PDF 09-0348

Note 1 to enftry: The chemical formula is Cag(P04)>.

3.9
PB-tricalciy
B-TCP
chemical c

m phosphate

bmpound with a erystallographic structure characterized by IC DD PDF 09-0169

Note 1 to enftry: The chemical formula is Ca3(PO4)2.

3.10

hydroxyapatite

HA
chemical ¢

the

self

line

Fthe

DD

pmpound with a crystallographic structure characterized by IC DD PDF 09-0432 or IC

PDF 72-1243

Note 1 to entry: The chemical formula is Ca5(OH)(PO4)3.

3.11

tetracalcium phosphate

TTCP

chemical compound with a crystallographic structure characterized by IC DD PDF 25-1137 or IC DD
PDF 70-1379

Note 1 to entry: The chemical formula is Cas(P04)20.
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3.12

calcium oxide

CaO

chemical compound with a crystallographic structure characterized by ICDD PDF 4-077
PDF 82-1690

3.13
uncertainty

7 or IC DD

95 % confidence interval of the measurement, taking into account reproducibility of the measurement

3.14

cryptallinity ratio
ratip between the sum of integrated intensities of a selection of peaks of HA in the samplea
of imtegrated intensities of the same peaks of HA after calcination of the sample at 1 090-°C f

hd the sum
br 15 h

Notg 1 to entry: Sometimes crystallinity is defined as the ratio between the mass fraction of crystalline HA and

the fotal mass fraction of HA (crystalline and amorphous). However, in this standard.there is no met
megsure the total mass fraction of HA. For this reason, the term crystallinity ratig)as defined abov|
crydtallinity is used.

foreign crystalline phases

cryftalline phases other than hydroxyapatite, being detectable by X-ray diffraction arn
conpisting of tetracalcium phosphate, a-tricalcium phosphate, S-tricalcium phosphate, a
oxide (Ca0)

hod given to
b, instead of

alysis and
nd calcium
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Figure 1 — Illustration of background and noise

4 Chemlical analysis

4.1 General

This clause specifies the methods for determining arsenic, cadmium, lead, mercury, and heavy mejtals
content in hydroxyapatite-based materials for surgical implants.

Heavy metals content is\considered as the sum of lead, mercury, bismuth, arsenic, antimony;, [tin,
cadmium, gilver, copper-and molybdenum.

NOTE This listof'elements is contained in ISO 13779-6. Comparison of trace elements in an HA coating yith
the same trjce.€lements in an HA powder indicates any detriment to the HA by coating process.

This methédean=atsobetusedtomeastre—caleitmand l.l}lUDlJ}lUl otrs—to—catettatetheCaPratio=as an
alternative to the X-ray diffraction method detailed in 5.8. The equivalence of such results obtained
from the chemical analysis with the results from the X-ray method should be demonstrated.

There can be a need to analyse other elements (see Annex A).

4.2 Analytical methods

The following methods can be used after validation and determination of detection limit, quantification
limit and measurement tolerances. Each analytical method has its own DL and QL relevant to that
method. An appropriate quantitative analysis apparatus, having a quantification limit which is not less
than the required limit value in the analysed sample, shall be used.

4 © ISO 2018 - All rights reserved
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The list is not restrictive:

a) atomic absorption spectroscopy, hydride method;

b) atomic absorption spectroscopy with electro-thermal atomization using matrix modifiers;
EXAMPLE Palladium-magnesium nitrate.

c) flame atomic absorption spectroscopy after complexion and extraction;

d) inductively coupled plasma / mass spectroscopy (ICP-MS);

e) [inductively coupled plasma / atomic emission spectroscopy (ICP-AES); or
f) |atomic absorption spectroscopy (AAS).

Calibration can be external or based on the standard addition method. If external, the [calibration
solytion shall contain HA with known content in elemental impurities to take, ifito’account the effect of
the|HA matrix. The HA concentration used for calibration shall be the sameras‘\the HA concedntration in
the[tested solution.

4.3| Apparatus for chemical analysis

Vesgels used shall be either of the following:
4.3{1 Class A glassware. or

4.3{2 PTFE flask (or similar).
The vessels used for dissolution of the sample shall not contaminate the solution.
NOTE For analysis of Mercury, PTFE vessel(is suitable to avoid potential contamination of the solution.

Befpre use they shall be carefully washed with acid and then rinsed with grade 2 water (4.4.1).

4.4 Reagents for chemical analysis

All reagents shall be of analytical quality:
4.4{1 Grade 2 water;according to ISO 3696.
4.412 Analytical-grade nitric or hydrochloric acid.

4.4)3 Standard solutions of the elements to be determined, prepared either by weighing or from
commetcially available standard solutions.

4.5 Procedure

Bulk samples shall be crushed. In the case of coatings, the HA needs to be removed by scraping. Scraping
of coatings and crushing of bulk samples shall be performed to minimize contamination of the sample.

The HA sample shall be dissolved in acid. The mass of the HA sample and acid type and concentration
might need to be adjusted depending on the analytical method used as well as the quantity of the
element to analyse, present in the HA matrix. The mass of the HA sample as well as the type, volume
and concentration of the acid used shall be recorded.

© IS0 2018 - All rights reserved 5
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Place ground sample into PTFE or glass flask (4.3), carefully add the acid solution consisting of grade 2
water (4.4.1) and of nitric or hydrochloric acid [4.4.2].

NOTE

(1 +£0,05) ml of 52,5 w% nitric or hydrochloric acid can be appropriate.

As a starting point using (1,000 = 0,001) g of ground sample, (30 + 0,05) ml of grade 2 water and

Dilute (e.g. to 50 ml volume) using grade 2 water (4.4.1), seal and shake thoroughly. Ensure that the

sample is t

otally dissolved. A blank test shall be conducted at the same time.

The solution shall be analysis by a suitable analytical method (4.2).

4.6 Exp
Values of i
X < DL,

where X is

Values of ix

as follows:

DL<X<Q

llession of results

purities which are less than the detection limit shall be expressed as follows:

the analysed chemical element and DL the detection limit expressed in mg/kg.

hpurities which are between the detection limit and the quantitationdimit shall be expreq

., where X is the analysed chemical element, DL the detection limit expressed in mg/kg,

sed

and

mit

be

ted

ses
ted
be

QL is the qpantitation limit expressed in mg/kg.

For heavy jmetals content determination, the content of chemical elements below the detection 1
shall be considered as equal to DL. If the value is between DL afd QL the QL shall be used.

Values of heavy metal content and impurities which are'greater than the detection limit shal
rounded td the nearest 0,1 mg/kg. The values for each heavy metal impurity shall be reported.

5 X-ray|diffraction analysis

5.1 General

The X-ray diffraction (XRD) method déscribed in Clause 5 is based on the comparison of the integrz:
intensities|of the XRD pattern of a sample with reference materials.

An alternafive method is the Rietveld method (see Annex G) for the calculation of the foreign ph{
content. The Rietveld methed.may be used instead of the method described in Clause 5 once correlz
with the iptegrated intensity method. The QL, DL and accuracy of the Rietveld method shal
calculated pnd the différerice of the results of the two methods quantified.

5.2 Apppratus

The appargtas,shall consist of the following:

5.2.1 Mortar and pestle, in alumina, agate or other suitable material (minimising contamination of
the sample).

5.2.2 38 or 40 micrometre sieve, complying with [SO 3310-1.

5.2.3 Oven, capable of maintaining a temperature of (1 000 + 25) °C.

5.2.4 Desiccator.

5.2.5 Intensity reference material, to determine instrument intensity, suitable materials include

bulk gold or alumina reference (not in the form of powder, for example NIST SRM 1976).

6
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5.2.6 X-ray diffraction apparatus having a resolution and reproducibility of at least 0,02° on a
2 6 angle scale and allowing the recording of the diffraction peak positions and intensities. A stabilized
power supply is necessary. Software of the diffraction apparatus shall allow adjusting the peaks position,
subtracting the background and measuring the integrated intensities of the peaks over a determined
angular range.

5.3 Preparation of test samples

5.3.1 General

shopld be taken not to crush the samples too much as the particle size does have an influgnce on the
h of the diffraction peaks. It is necessary to minimize any contamination or transfojrmation in
fact with humidity. Keep all the test samples in the desiccator.

Thj:test samples shall be crushed and sieved so that the particle size does not exceed-4p pm. Care

w1
con

5.3]2 Coatings

In
min

For
con
be t

5.3

Bul

5.4
The

e)

he case of coatings, the HA needs to be removed by scraping. Scraping shall be pe
imise contamination of the sample.

thermally sprayed coatings, it is common that the layers neatto the coating/substrat
fain more amorphous material than those areas far from thé interface. Therefore, the s:
aken from a mixture of the whole coating layer to obtaina representative sample of the ¢

3 Bulksample

k samples shall be reduced to powder form according to 5.3.1.

Calibration specimens
calibration specimens listed below,shall be used:
Pure fS-tricalcium phosphate having an X-ray diffraction pattern as described in ICDD PII
Pure a-tricalcium phosphate*having an X-ray diffraction pattern as described in ICDD PI

Pure hydroxyapatite-having an X-ray diffraction pattern as described in ICDD PDF 9-4
PDF 72-1243.

Pure tetracaleium phosphate having an X-ray diffraction pattern as described in ICDD P
or ICDD PDE_ 70-1379.

Pure calcium oxide having an X-ray diffraction pattern as described in ICDD PDF 4-07
PDF 82-1690.

-formed to

e interface
hmple shall
oating.

F 09-0169.
DF 9-348.
32 or ICDD

DF 25-1137

/7 or ICDD

Calibration specimens shall be prepared by the methods described in Annex E. They shall c

mply with

the

5.5

5.5.

requirements described in Annex B.
X-ray diffraction pattern collection

1 General

The conditions of the X-ray diffraction pattern collection will allow the contribution of the apparatus
to the full width half maximum, detection limit and tolerances to be minimized; these conditions shall
be identical for the test sample and for the mixtures used to prepare the calibration curves. The signal:
noise ratio shall be greater than 20 for peak 211 of HA. If an amorphous hump is visible in the pattern, it
should be subtracted with the background before measuring the noise.

© ISO 2018 - All rights reserved
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The diffractometer settings shall allow a resolution of 0,02° on a 2 8 angle scale. Peak deconvolution
should be avoided but may be required where overlap of peaks occurs.

The peak integrated intensities of all phases shall be determined to an accuracy greater than 5 %, using
suitable software.

2 6 minimum and maximum limit for integration area of each peak shall be taken so that the full peak
falls between the limits.

NOTE

2 O range validated for the measurement of the peak integrated intensity.

In some cases, it might be necessary to shift the axis in order to center the peak considered in the

The same
according

5.5.2 Id¢

The isolate
respective
content an

the lin
the lin
the lin
the lin
— thelin
Other lines
NOTE '
interferencg

minor tetral
determined

P 0 minimum and maximum limits shall be used for the construction of calibration, &y
0 5.6 and for the analysis of samples according to 5.7 and 5.8.

entification of the crystallized phases

d crystalline phases shall be identified according to their characteristic.lines given in
ICDD files[1]. The selected lines for the construction of calibration curves, foreign pha
] Ca:P ratio determination could be:

2 0.2.10 (d = 2,88 x 10-10 m) of the S-tricalcium phosphate;

2 4.4.1,1.7.0 (d = 2,905 x 10-10 m) of the a-tricalcium phosphate;

£ 0.4.0 (d = 2,995 x 10-10 m) of the tetracalcium phosphate;

£ 2.0.0 (d = 2,405 x 10-10 m) of the calcium oxide;

p 2.1.0 (d = 3,08 x 1010 m) of the hydroxyapatite.

may be chosen provided that they do not-affect the sensitivity of the determination.

'he quantification of the foreign phasés is often difficult to carry out on account of sped
and of broadening of the lines of the’ foreign phases compared to the reference materials.

ralcium phosphate, a-tricalcium phosphate, S-tricalcium phosphate and calcium oxide contents
relative to the reference line of the hydroxyapatite phase which does not interfere with the 1

diffractionJ)

AnnexCs
5.6 Calil

5.6.1 Ge

To qualify
detection

eaks of these phases.

ows some X-ray diffractien patterns of HA, TTCP, a-TCP, 8-TCP and CaO.
pration curves,limits and uncertainties

neral

the X*ray diffraction equipment and method used, calibration curves shall be plot
imit, ‘qualification limit and uncertainties of the test method shall be determined. 1

ves

the
1ses

tral
The

are
hain

ted,
[his

qualificatignis effective until the equipment or the method is changed.

The calibration curve represents the foreign phase mass fraction as a function of the respective foreign
phase integrated intensity ratio (R1, R2, R3 and R4) as established in 5.6.2.

Use the calibration specimens described in 5.5 to prepare the samples for X-ray diffraction patterns
required to plot the calibration curve.

At least three X-ray diffraction patterns, as described in 5.5, shall be collected for each calibration mix
required in 5.6.2, for defining each point in calibration curves.

5.6.2 Plotting the calibration curves for the foreign phases

In order to plot the calibration curves of the hydroxyapatite associated with all every foreign phases:

© ISO 2018 - All rights reserved
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Produce, by weighing and crushing, pure calibration specimen mixtures (see 5.3) of hydroxyapatite and
each foreign phases containing increasing quantities of foreign phases, with at least 5 mass fractions
distributed to the range of expected mass fractions of the foreign phase in the test samples.

As the calibration curves are also used for determinations of the foreign phase detection limits (5.6.3),
the minimum value should be sufficiently low to enable the detection and quantification limits to be
assessed.

Collect the X-ray diffractogram for the 2 6 angle range corresponding to the peaks selected for
hydroxyapatite and for the foreign phase in each sample (e.g. peak 2.1.0 of hydroxyapatite and the
indicated peak for each foreign phase).

Detprmine the integrated intensity of the selected peaks for hydroxyapatite and foreign }Lhase from
each X-ray diffraction pattern for each sample.
Detprmine the average integrated intensities for the hydroxyapatite peak and the foreign phase.
For|each mass fraction of foreign phase, calculate the foreign phase integrated intensity ratios, R;, as
follpws:
The average integrated intensity ratio for HA/S-TCP:
}HA
R == (1)
I g-TCp
The average integrated intensity ratio for HA/CaO:
I
Ri=—— (2)
Icao
The average integrated intensity ratio for HA/a-TCP:
;HA
R == (3)
La-TCP
The average integrated intensity ratio for HA/TTCP:
}HA
R == (4)
I'TTCP
whgre
;HA is the average integrated intensity of the peak selected for HA;
|7~ is the average integrated intensity of the peak selected for 5-TCP;
;C o is the average integrated intensity of the peak selected for CaO;
al
I Tcp is the average integrated intensity of the peak selected for a-TCP;
a-
;TTCP is the average integrated intensity of the peak selected for TTCP;

Using the R; values for each material mixture, plot the calibration curves for each foreign phase.

5.6.3 Detection limit (DL) and quantification limit (QL) of foreign phases

Either Method A or Method B shall be used to determine the detection limit and the quantification limit.

© ISO 2018 - All rights reserved 9


https://standardsiso.com/api/?name=9a3e9bfb680aca494da80eb4d4a093f6

ISO 13779-3:2018(E)

Method A

Produce 10 patterns (as described in 5.5) of pure HA (as described in 5.4). Use curve fitting to subtract

the backgr

ound.

After determining the minimum and maximum 26 angles for measurement of the integrated intensity
of foreign phases, the integrated intensity of the noise of the patterns shall be measured at the selected
peak positions for TTCP, a-TCP, f-TCP and CaO.

Calcul
Calcul
Method B

A widespre
the signal:

Determinal

for the|
detect

for the
reliabl

Produce at
subtract th

After detey
of foreign
measured

For the det

for each ac
analysis arn

like an exa

Calcul

30.

ite the DL as: DL =X+ 3s for TTCP, a-TCP, §-TCP and CaO.
ite the QL as: QL =X+ 5s for TTCP, a-TCP, §-TCP and CaO.

hoise approach. The signal/noise ratio is considered in terms of height of peaks.
fion of the signal-to-noise ratio is performed:

Detection limit: establishing the minimum concentratiofat which the analyte can be reli
bd. A typical signal:noise ratio, for the DL, is 3:1;

Quantification limit: by establishing the minimum'€oncentration at which the analyte ca
y quantified. A typical signal:noise ratio, for the QL, is 5:1.

e background.

it the selected peak positions for TTCP, a-TCP, §-TCP and CaO.
ermination of DL and QL, for each foreign phase, use the calibration curves:

quisition, consider the % foreign phase amount [%fph] vs the signal:noise (S/N) ratio of
d that foreign phasé/plot a curve and calculate its formula,

mining the minimum and maximum 26 angles for measurement of the integrated inten
bhases, the mean value of the héight of the noise (N) of the patterns, in that range, shalll be

Corresponding content TTCP, a-TCP, §-TCP and CaO shall be determined using calibration curves.

ad procedure to determine the detection limit and the quantificatipnlimit is defined through

hbly

N be

least 10 patterns (as described in 5.5), of putre HA (as described in 5.4). Use curve fittinyg to

Sity

that

mple, %: m-[%fph] +q, where m and q are known,
i —-q

iteDlfas: DL=2  where S/N=3 for TTCP, o-TCP, B-TCP and CaO.
h)

9

— Calculate DLas: QL= where S/N=5 for TTCP, &-TCP, f-TCP and CaO0.
m

5.6.4 Uncertainty for determination of foreign phases content

The expanded uncertainties (U) (at 95 % of confidence) of the determination of the foreign phases
content shall be determined by a suitable method. The JCGM 100I[2] describes a suitable methodology
for the determination of uncertainties.

10
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5.7 Qualitative and quantitative determination of the foreign phases

5.7.1 Procedure

Produce the X-ray diffraction pattern of the test sample (see 5.5). Measure the integrated intensities of
the peaks selected as described in 5.4, calculate the R1 to R4 ratios and refer to the calibration curves in
order to determine the corresponding content of the foreign phases (see 5.6).

Compare the mean value with DL and QL determined according to 5.6. If the mean value is below the
DL, it shall be recorded on the report “<DL” or “no phase detected” and DL shall be recorded on the
reppetthe meanvaluc isabove DL but below the QL it shall be recorded gnthe report“>x and <y”

where x is the DL and y the QL.

5.7]2 Expression of results

The results shall be expressed as a percentage of foreign phases in relation to the [crystalline
hydroxyapatite phase.

NOTE The percentage of each foreign phase as determined using the alioye methods is in relption to the
cryqtalline HA phase. For samples with amorphous phase, their actual myass percentage in relatfion to total
cryqtalline phases and amorphous phase should be lower.

5.8| Calcium to phosphorous (Ca:P) ratio determination

5.8/1 General

Theg method is based on the premise that, after homegenization and calcination at (1 000 #|25) °C, the
caldium phosphates having a Ca:P atomic ratio bétween 1,50 and 2,0 inclusive are expected to form at
the[most, two phases:

— |a- and/or S-tricalcium phosphate and hydroxyapatite, if the Ca:P ratio is below 1,667;
— |hydroxyapatite and calcium oxide,if the Ca:P ratio is above 1,667.

Aftér quantifying the tricalcium phosphate or CaO content in the calcined sample, bagsed on the
chemical formula of HAP, TCPand CaO, it is possible to calculate the molar ratio between cplcium and
phasphorous in the sample(

Although X-ray diffraction techniques are the traditional methodology for determining |[Ca:P ratio,
with the increased @ecuracy of modern analytical methods, those stated in Clause 4 may |be used to
deteérmine Ca:P ratio as an alternative to the X-ray method detailed in this subclause. The dquivalence
of such results-obtained from the chemical analysis with the results from the X-ray method should be
denponstratéd)

NOTE Contamination of the sample might result in the formation of other non-Ca:P phases aphd alter the
mingralogy. If Ti contamination occurs, then CaTiO3 might be formed.

5.8.2 Measurements on the sample

Calcine the sample in air at (1 000 £ 25) °C for at least 15 h in a platinum or alumina crucible. Withdraw
the sample from the oven (still at 1 000 °C, or cooled to no lower than 100 °C) and put it immediately
into a desiccator.

Collect an X-ray diffractogram of the sample according to 5.5. If more than one foreign phase is observed
or if the presence of a foreign phase other than /- and/or a-tricalcium phosphate or calcium oxide is
detected (tetracalcium phosphate, calcium pyrophosphate, etc.), recrush the sample and recalcine it.

© ISO 2018 - All rights reserved 11
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Calculate the foreign phase content according to 5.7 and calculate the Ca:P ratio by the following

Formula (6):

n
Ca:P=-t2 (6)
np

where

nca  is the number of moles of calcium per g of sample;

n < fl’\ﬂ n]]mhﬂ?‘ nF mn]ﬂc r\F Y\]’\r\c“h{\rllc ner.ga nF C’Jmh]ﬂ f‘ﬁ]l‘ll]ﬁfﬂr‘ b Kol
p )3 I3 r s} I3
10 3 1
ca =4 — Wy T4 Wrcp, FWrepg |+ Weao (7)
HA TCP(y; p) Ca0
and
e 2
p = —WHA * 5 ———|Wrcp, TWrcey (8)
1HA TCP(y, p)
where
Mua | =10046¢

Mrtcp(d;p)= 310,174 g/mol

Mcao =56,077 g/mol

and

WHA is the mass fraction of crystalline HA;
wgrcp | is the mass fraction of crystalliné f-TCP;
Wqrcp | is the mass fraction of crystalline a-TCP;
Wca0 is the mass fraction of erystalline CaO.

When wpt¢p, Warcp Or wcao isléss than the detection limit, the value should be counted as zero for|the
calculation of Ca:P.

5.8.3 Uncertainty of.Ca:P measurement

The expanfed uncertainty (U) (at 95 % of confidence) of the Ca:P measurement shall be determined
by a suitaple miethod. The JCGM 100I[2] describes a suitable methodology for the determinatiop of
uncertainty.

The uncertainty of the Ca:P measurement can be derived from the uncertainties of the foreign phases
content as described in Annex F.

5.8.4 Expression of results

The results shall be given by a dimensionless value representing the Ca:P atomic ratio expressed to the
nearest two significant figures.
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5.9 Determination of the crystallinity ratio

5.9.1 Rationale on different methods of determination of the crystallinity ratio

In the previous version of this document, published in 2008, the determination of the crystallinity
ratio was based on the measurement of the integrated intensity of ten lines, suitably chosen from the
sample’s X-ray diffraction pattern, and of the ten same lines of a fully crystalline HA powder. As no
internationally recognized fully crystalline HA reference is available, each lab used a different fully
crystallized HA reference. A round Robin test, conducted in 2014, demonstrated a poor inter-laboratory

reproducibility of this methodl[3l.

An
isb
X-13
not
bet

NO'I
toc
How
Test

comlpared to the former method. The manufacturer might need to analyse the impact of the crysta

bw method is described in 5.9.2, 5.9.3 and 5.9.4, where the determination of the crysta
hsed on the measurement of the integrated intensity of ten lines, suitably chosen front t
y diffraction pattern, and of the same ten lines of the sample after calcination at {1000

er inter-laboratory reproducibility of this method, compared to the former“mnethod[3]:

E1 Based on the results of a round robinl3] performed crystallinity ratio results are n
hange with the new method on average as compared to the method of the\2008 version of thi
rever, some laboratories reported significant differences in the resultstwlien comparing the tvy
ing laboratories might have to analyse the impact of the new methed“on their crystallinity r

T

inity ratio
e sample’s
F 25) °C for

less than 15 h (fully crystallized sample). The round Robin test conducted in.2014 dem¢nstrated a

bt expected
b document.
o methods.
htio results,
llinity ratio

resylts from the new method on the product.

Theg method of reference is the method described in 5.9.2,.5.9:3 and 5.9.4.

Thg method described in Annex H, may be used. As the two methods can give different fesults, the
method used (the method described in 5.9.2, 5.9.3 and 5.9.4 or the method described in Annex H) shall

be
met
any

NO'I
can
mas
in 3

5.9

Thd
mes
pat
(ful

Twq
be

‘eported. For the method described in Annex\H, the equivalency of the results with tl

batch of reference crystalline HA powder used.

E2  The Rietveld method is introduced in Annex G for the quantification of foreign phases. 1
allow to determine the mass fraction of the crystalline content (HA, 8-TCP, a-TCP, TTCP, Ca0)
s of the sample. This method is not'the recommended method to determine the crystallinity rati
14,

2 General

determination of*the proportion of properly crystalline hydroxyapatite phase is ba
isurement of the'ifitegrated intensity of ten lines, suitably chosen from the sample’s X-ray
ern, and of the'same ten lines of the sample after calcination at (1 000 + 25) °C for not les

nose of the

hod described in 5.9.2, 5.9.3 and 5.9.4 shall:beverified for low and high crystallinity samples and for

his method
to the total
p as defined

sed on the
diffraction
s than 15 h
b D.1.

ly crystallized sample). The positions of the intensity lines are reported in Annex D, Tabl

procédures are proposed for the crystallinity ratio determination. Procedure A, 5.
breferred when the quantity of sample is sufficient to divide the sample in two part

non

D.3, should
5: one part
es.

-calcined and another part for calcination. Procedure B, 5.9.4, should be used in other ca

As in procedure B the intensity of the X-ray diffraction generator can vary between the first set of
measurements and the second set after calcination, the integrated intensities of the 10 peaks shall be
normalized by the integrated intensity of the intensity reference material (gold or alumina reference),
except if it can be shown that the integrated intensity varies less than 1 % between the initial
measurement and the measurement after calcination.

5.9.3 Procedure A
a) Divide the sample in two parts.

b) Calcine one part of the sample in air at (1 000 = 25) °C for at least 15 h in a platinum or alumina
crucible.
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c) Collect an X-ray diffraction pattern, according to 5.5, of the uncalcined test sample. Determine the
integrated intensities of the hydroxyapatite phase ten peaks referenced in Table D.1. Calculate the
sum (S1) of the integrated intensities of the 10 peaks.

d) Immediately before or after the measurement on the non-calcined sample, collect the X-ray
diffraction pattern, according to 5.5, of the calcined test sample. Determine the integrated
intensities of the hydroxyapatite phase ten peeks referenced in Table D.1. Calculate the sum (S2) of
the integrated intensities of the 10 peaks.

e) Calculate the crystallinity ratio C, in %, as follows:

-_S1

==-1100 9
<7 (9)

5.9.4 Prpcedure B
a) Produge an X-ray diffraction pattern of the test sample as described in 5.5.

b) Deterrhine the integrated intensities of the hydroxyapatite phase ten peaksreferenced in Table|D.1.
Calculate the sum (S1) of the integrated intensities of the 10 peaks.

c) If required, produce an X-ray diffraction pattern of the intensity(beference material (gold or
aluminja) immediately before or after this first set of measuremients. Determine the integrgted
intensity (R1), of the main diffraction peak.

d) Calcing¢ the samples in air at (1 000 = 25) °C for at least 45rh in a platinum or alumina crucjble.
Produge the X-ray diffraction pattern of the calcined testsample as described in 5.5. Determine{the
integrated intensities of the hydroxyapatite phase ten<peaks referenced in Table D.1. Calculate|the
sum (§2) of the surfaces of the 10 peaks.

e) If required, produce the X-ray diffraction pattern of the intensity reference material (gold or
alumina) immediately before or after this second set of measurements. Determine the integrgted
intens]ty (R2) of the main diffraction peak:

f) Calculate the crystallinity ratios C, in.%;as follows:

C:ﬁﬂ.loo 10)
S2iR1

5.9.5 Uncertainty of thecrystallinity ratio

The expanfded uncertainty (U) (at 95 % of confidence) of the crystallinity ratio shall be determined
by a suitaple methed{ The JCGM 100[2] describes a suitable methodology for the determinatiop of
uncertainty.

5.9.6 Expression of results

The results shall be expressed in percent expressed to two significant figures.

6 Testreport

The test report shall contain the following information:

a) reference to this document (including its year of publication) ;
b) name, location and, if available, accreditation of the laboratory;
c) date of the test;

d) number and identification of specimens tested;
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e) nature of the apparatus used for chemical analysis;

f) nature of the apparatus used for XRD (generator, goniometer, etc.), the recording conditions,
(wavelength, filters, apertures monochromators, assembly types, counting times);

g) X-ray diffraction patterns of the sample;

h) the average and the standard deviation for the following characteristics (or individual results if
results are under the QL):

1) the determined foreign phase content in %, the method used and, if the Rietveld method is

d o Jdot o & ot o Dot 1d o d Al o d J bad s L 7
aSCO Tt Cata coToconceTrrerctveraeTrnotana oI TnotaCSCTrToC o TIT J77

2) the determined Ca:P ratio;
3) the determined concentration of As, Hg, Cd, Pb in mg/kg;
4) the determined concentration of heavy metals in mg/kg;

i) [the crystallinity ratio, the method used and, if the ISO 13779-3:2008 method is usefl, the data
addressing the equivalence between the methods of ISO 13779:3:2008 and this| document
(ISO 13779-3:2018);

j) |DLand QL values as well as the method used for their determination for trace elements &#nd foreign
phases content;
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Annex A
(informative)

Contamination of calcium phosphate

Due to manufacturing techniques currently in use, it is possible that undesirable chemicals, other
than thosereited—n-this-decument—coptaminate-the-—calcim—phosphate—Manufacturers—are-therefore

CreC Tt o OO T O O CoTrto o t o crrc - cororo i prrosproee

advised to|carry out objective analysis of the risks of contamination due to the various manufactufing
processes fised within their company or by sub-contractors and, if necessary, to qualify, quanitify pnd
set the lim{ts of acceptability for each chemical liable to be a contaminant.

Particular pttention should be paid to the limits of the following metals: copper, iron, tungsten (arising
during use|of the plasma torch) and other types of selective or random contamination\

16 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=9a3e9bfb680aca494da80eb4d4a093f6

ISO 13779-3:2018(E)

Annex B
(normative)

Testing of the purity of the phases used in the production of the

calibration curves

B.]I Hydroxyapatite

Itis
is &
[(1
Thd

a)
b)

c)

d)

B.2
Thd

of the utmost importance that the reference hydroxyapatite used throughout the.calibr
highly crystalline stoichiometric phase. The hydroxyapatite shall be usedyin the cal
D00 + 25) °C for 15 h].

hydroxyapatite will be deemed to be acceptable if it meets all of the following conditions:

The starting hydroxyapatite will have a Ca:P ratio of 1,667 + 0,005

The starting powder shall not contain any significant impurities that might affect crysta
known that magnesium can suppress the formation of highly crystalline hydroxyapatitg

The absence of - and a-tricalcium phosphate is confirmed. For testing, confirm absence
0.2.10 atd = 2,880 x 10-10 m for the B-form and 4.4.153:7.0 at d = 2,905 x 10-10 m for the a;
X-ray diffraction pattern having a resolution <0,02° and a signal/noise ratio of the hydy
(line 2.1.1) greater than or equal to 50.

The absence of CaO is tested using X-ray diffraction. The absence of the line 2.0.0 of
d = 2,405 x 1010 m on an X-ray diffraetion pattern having a resolution <0,02° and a s
ratio of the hydroxyapatite (line 2.1.1) greater than or equal to 50, indicates the absence

The absence of TTCP is tested using X-ray diffraction. The absence of the line 0.4.0 of t
d = 3,00 x 10-10 m on an X;ray diffraction pattern having a resolution <0,02° and a s
ratio of the hydroxyapatiteifline 2.1.1) greater than or equal to 50, indicates the absencs

p-tricalcium phosphate
B-tricalcium phosphate shall be considered pure if it meets the following conditions.

The absence of hydroxyapatite is tested using X-ray diffraction. The absence of the line
apatiteatd = 2,81 x 10-10 m on an X-ray diffraction pattern having a resolution <0,02°
(line.0:2.10 of the tricalcium phosphate)/noise ratio 230 indicates the absence of hydro

b)

The absence of a-TCP is tested using X-ray diffraction. The absence of the line 1.7.0 o

|

htion setup
fined state

[linity (itis
).

of the line
form on an
oxyapatite

the CaO at
gnal/noise
of CaO.

he TTCP at
gnal/noise
of TTCP.

2.1.1 of the
nd a signal
yapatite.

the a-TCP

d)

at d = 2,905 x 1071V'm on an X-ray diffraction pattern having a resolution <0,02" and a signal

(line 0.2.10 of the tricalcium phosphate)/noise ratio 230 indicates the absence of a-TCP.

The absence of calcium pyrophosphate is tested, using infrared spectrometry. Record the infrared
spectrum; the absence of bands at 757 cm~1 and 434 cm-1 indicates the absence of the a-form of

calcium pyrophosphate and the absence of bands at 1 210 cm-1, 1 185 cm-1, 723 cm-1 an
indicates the absence of the 5-form of calcium pyrophosphate.

The f-tricalcium phosphate is well crystalline as characterised by the peak width of the

d 454 cm-1

main peak.

The full width half maximum of the d = 2,881 x 10-10 m peak (217) shall be not more than 0,20°.

© ISO 2018 - All rights reserved
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B.3 Calcium oxide

Calcium oxide shall be considered pure if the pattern conforms to ICDD PDF 4-0777 or IC DD PDF 82-
1690 with no foreign peak.

B.4 a-tricalcium phosphate
The a-tricalcium phosphate shall be considered pure if it meets the following two conditions.

a) The absence of hydroxyapatite is tested using X-ray diffraction. The absence of the line 2.1.1 of the
apatit§atd = 2,881 x 10-19m on an X-ray difiraction pattern having a resolution <0,02°and a signal
(line 1{7.0 of the a-tricalcium phosphate)/noise ratio =30 indicates the absence of hydroxyapatife.

b) The alsence of B-TCP is tested using X-ray diffraction. The absence of the line 2.1.4 of the’-TCP at
d =3,2[1 x 10-10 m on an X-ray diffraction pattern having a resolution <0,02° and a signal (line 1.7.0
of the g-tricalcium phosphate)/noise ratio = 30 indicates the absence of 3-TCP.

B.5 Tetracalcium phosphate
The tetracalcium phosphate shall be considered pure if it meets the following two conditions.

a) The absence of hydroxyapatite is tested using X-ray diffraction. Phe absence of the line 2.1.1 of{the
apatit¢ at d = 2,881 x 10-10 m on an X-ray diffraction pattern having a resolution <0,02° and a signal
(line 0}4.0 of the tetracalcium phosphate)/noise ratio =30 indicates the absence of hydroxyapatjte.

b) The alysence of § and a-tricalcium phosphate is confirfided. For testing, confirm absence of|the
line 0.2.10 at d = 2,88 x 10-10 m for the f-form and 120 at d = 2,905 x 10-10 m for the a-form on
an X-rqy diffraction pattern having a resolution <0;02° and a signal (line 1.7.0 of the tetracalcjum
phosphate)/noise ratio 230 indicates the absence\of f-TCP and a-TCP.

c¢) The absence of CaO is tested using X-ray diffraction. The absence of the line 2.0.0 of the Ca at
d=2,4pP5 x 1010 m on an X-ray diffraction@attern having a resolution <0,02° and a signal (line 1.7.0
of the fetracalcium phosphate)/noise ratjio 230 indicates the absence of CaO.
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Annex C
(informative)

Examples of X-ray diffraction patterns collected from various
mixtures used to plot the calibration curves

NO

Key

E The curves in the Figures C.1 to C.5 are before background subtraction.
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Figure C.1 — Pure HA
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Figure C.2 — Mixture of hydroxyapatite and 5 w% TTCP
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Figure C.3 — Mixtureof hydroxyapatite and 5 w% B-TCP
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a-TCP 4.4.1,1.7.0
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Figure C.4 — Mixture of hydroxyapatite and a-tricalcium phosphate (a-TCP) at 5 w%
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Figure C.5 — Mixture of hydroxyapatite and 5 w% CaO
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Annex D
(normative)

Positions of hydroxyapatite lines used to measure the
crystallinity ratio

Table D.1 — Position of the 10 lines used to measure the crystallinity ratio

Lines
d1=3,44 x 10-10 m
dy=3,17 x 10-10 m
d3=3,08x10-10 m
dy=2,81x10-10m
ds=2,78 x 10-10 m
de=2,72x10-10 m
d7=2,63x10-10m
dg=2,26x10-10 m
dg=1,94 x 10-10 m
d1o=1,84 x 10-10 m

24 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=9a3e9bfb680aca494da80eb4d4a093f6

E.1

Pun

ISO 13779-3:2018(E)

Annex E
(normative)

Methods for the preparation of reference materials

Mothod of ion for hvd ite (HA)

e and highly crystalline hydroxyapatite can be purchased as commercial powdeg-or p

Fepared by

different techniques.

It shall be crushed and sieved so that the particle size does not exceed 40 pm{Gare should be taken
not|to crush the samples too much as the particle size does have an influénce on the wijdth of the
diffraction peaks.

After crushing and sieving, the powder shall be calcined at (1 000 * 25)2Cfor atleast 15 h. After cooling,
as the calcination might cause agglomeration, the powder shall be re-sieved at 40 pm and alﬁy retained
powder shall be re-crushed to pass the 40 pum sieve. After this procedure the powder shall be stored
awgy from humidity.

E.2 Method of preparation for the beta-tricalcium phosphate (5-TCP)

Pure S-TCP can be purchased as commercial powdet‘or prepared by different techniques.

Its
not
diff]

The
cru
the
pow
aw4d

E.3

E.3
Ond

E.3

to crush the samples too much as the particle size does have an influence on the w|
raction peaks.

following procedure shall be carried out unless the 5-TCP is already in accordance with H

shing and sieving, the powder shall be calcined at (1 000 + 25) °C for at least 15 h. After
calcination might cause agglemeration, the powder shall be re-sieved at 40 pm and ay
fder shall be re-crushed to)pass the 40 pm sieve. After this procedure the powder shal
y from humidity.

Preparationfor the tetra-calcium phosphate (TTCP)

1 Available methods

of the methods described in E.3.2 to E.3.4 can be used to prepare TTCP reference mater

22 TTCP purchased as pure commercial powder

hall be crushed and sieved so that the particle size does not exceed 40 um. Care should be taken

idth of the

.2 d). After
cooling, as
y retained
[l be stored

al.

Pur

e TTCP can be purchased as commercial powder.

It shall be crushed and sieved so that the particle size does not exceed 40 pm. Care should be taken
not to crush the samples too much as the particle size does have an influence on the width of the
diffraction peaks.

The following procedure shall be carried out unless the purchased powder is already in accordance
with B.5. After crushing and sieving, the powder shall be calcined at 1 400 * 25 °C for at least 6 h and
immediately quenched, preferably in liquid nitrogen. After quenching, as the calcination might cause
agglomeration, the powder shall be re-sieved at 40 pm and any retained powder shall be re-crushed to
pass the 40 pm sieve. After this procedure the powder shall be stored away from humidity.
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E.3.3 Example of method for the preparation of TTCP

The following reagents shall be used:

dicalci

um phosphate, (dihydrated: DCPD or anhydrous: DCPA), analytical grade, and

— calcium carbonate, analytical grade,

— liquid nitrogen (optional).

The following apparatus shall be used:

— wide p|latir1um crucible,

shaker

oven, ¢
The solid s
2 CaCoO

Thoroughl
Place the n
and maint
crucible ou

apable of operating at (1 400 + 25) °C.
fate reaction is:

3 + 2 CaHPO4 — Cas(P04)20 + 2 COz + H20

ixture in the crucible, then place the crucible in the oven. Hedt the mixture to (1 400 * 25
hin it at that temperature for at least 6 h, preferably under nitrogen atmosphere. Take
t of the oven and quench it in a non-reactive medium, preferably in liquid nitrogen

y mix equal molar quantities of calcium carbonate and DCPD (ordDCPA) powders in the shaker.

) °C
the

Crushed and sieve the powder so that the particle size doesinot exceed 40 um. Care should be taken

not to cru
diffraction

After sievi

E.3.4 Ot

Pure TTCPH
that the pa
the particl

The follow
B.5. After

immediate]
agglomera
pass the 4(

E.4 Pre)

The follow

5h the samples too much as the particle size does have an influence on the width of
peaks.

g, the powder shall be stored away from humidity.

her methods for the preparation-of TTCP

can be obtained by other methods. Whatever the method, it shall be crushed and sieve
Irticle size does not exceed 40\pm. Care should be taken not to crush the samples too muc
P size does have an influence on the width of the diffraction peaks.

ng procedure shall be carried out unless the prepared powder is already in accordance
crushing and sieving, the powder shall be calcined at (1 400 + 25) °C for at least 6 h
ly quenched, preferably in liquid nitrogen. After quenching, as the calcination might ca
[ion, the powder shall be re-sieved at 40 um and any retained powder shall be re-crushe

um sieve, After this procedure the powder shall be stored away from humidity. [GB110]

paration for the a-tricalcium phosphate (a-TCP)

the

l so
h as

vith
and
use
d to

ng starting powder shall be used:

— P-tricalcium phosphate, (S-TCP) with no detectable Mg2+, Fe2+ and any other bivalent ions
impurities susceptible to stabilize the 5-TCP,

— liquid nitrogen (optional).

The follow

ing apparatus shall be used:

— wide platinum crucible,

oven, capable of operating at (1 250 * 25) °C.

The reaction is a phase transition occurring at 1 125 °C.
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