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Appendix A

X - Ray Diffaction Card

of

* Hydroxyapatite
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Appendix B

X - Ray Diffaction Card

of

Alpha Tricalcium Phosphate
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X - Ray Diffaction Standard Data

of

Beta Tricalcium Phosphate

(g —\Ca

100

b{xﬂa

Indices a(a®) I¢

- (ma) :
012 2,607 65
104 2.562 6
006 24553 8
110 22520 12
113 20499 6
202 2,07 10
018 2375 6
624 2,263 10

116 16115 2.249 4
ﬂumm aﬁﬁwomm v o
211 215 14
AW amatu 34121’]'9%&]'1 B hes 1
1991 208 325 10214 2,103 4
214 3.21. 55. 042016+ 2,076 8
040412, 125 3.0 . 2| -3 24063 4
300 3.01 16 232 2,061 _
042410, 217 2,880 00| 048 2,033 10
128 2.757 20 324 2023 6
306 2,710 10| 3etedd 2,017 4

2,674 8| Plus Additional lines

1e1s12




' 101
qﬁ'"') Designation: C 373 - 72 (Reapproved 1982)

Appendix C

Standard Test Method for

WATER ABSORPTION, BULK DENSITY, APPARENT
POROSITY, AND APPARENT SPECIFIC GRAVITY
OF FIRED WHITEWARE PRODUCTS!

numumumukrmm 3 h
original adoption or, in Ikmﬂmmﬂu; ol I raor
A superscript cpsilon (¢) indicates an edilorial hange siace ¥

— @.) by heating in an oven at 150 C

. SCD‘FE | —
1.1 This method coverss uwed by mohng ina d:smcatn:

lermining waler absorpli
nppnr:nl purosu}f an LU ~ _
gravity of fired unglazed w : goduct t—Thie drying of the specimens to constant:

her immediately following the designation indicates the year of
umbe in parentheses indicaics the year of last reapproval’

her belore or after the specimens have bee

; d with water. Usuvally the dry mass is

2.1 Balance, of adeq §, before impregnation. However, il the

to weigh accurately to 0.01 re friable or evidence indicates that par-

; Bleof broken loose during the impregnation,

2.2 Oven, capable o , | lempers  uhe specimens shall be dricd and weighed after the

ature of 150 = 5 C (302 = 9F). = suspended mass :ndrdl.hc sulur:r.:d mass hawi-. bc]:n

. ; determined, in accordance with 4.3 and 4.4. In this

2.3 Wire Loop. Halier, or B .cond dry mass shall be used in all appro-
of supporting specimens .u

leulations.
making suspended mass mcasur:mgmg
2.4 Container—A glass hukﬂﬁuﬁ‘s{ﬁf L
container of such sizelard shape that the Y
sample, when suspend - from-the-b: :
the wire loop, specificd™i -

Place the specimens i1 a pan of, dis:
boil for 5 h, laking care thal
re covered with water at all
ir pins or some similar device
tamersed in water withil specimens. [rom the bottom
wire loop being comple cl free of f:untact :n;: s’d“ lh""' pan and [rom’each other.
with any part of#cumm er the 5-h_boil,. allow the specimens lo:

-2,5 Pan, in ﬂﬁ%ﬂﬁﬂ%ﬂmﬁﬁﬁf f” the test spec

boiled.
26 Dmﬂfed the nearest -0.01 g-the’
mass;S, of each speciun “while'suspended in.

- O AN TN TR IR
3.1 At orbasketitnhat
shall be selected.-The! spmm:m shall be un- is"suspended from one2arm of the; balante
glazed and shall have as much of the surface Before “‘““f Wlhlﬂs. munl::b:hrlm-the:
freshly fractured as-is practical, Sharp ::d;u ."‘“l'-" with the | Toop,. haliter, :or -basket in place
or_corners shall be removed. The specimens and immerse in jwaler (o the ﬂ!“'l‘- d‘F“" '3 s
shall contain no crdcks.’ The' individual lﬂt' used when M'Pmm are in “place itis
specimens shall weigh at least 50 g. s

" This method, is wnder, the jurisdiclion of ASTM Com:
miltee C-21 on nﬁ:ﬂumm and Relaled "Products,
4, Pmcmhtr: ' Cument edilion approved Aug:-29, 1971 Pubiished

; " October 1972, Ori blish 1) - 55T, Laat
" 4.1 Dry the lest ‘specimens lo constanl  previous edition C ﬁﬁaﬂm; o3



desired to determine only the percentage of
waler “absorption, omit the suspended mass
operation,

1.4 Wefter the =determinationef Tthe sijs-

'Eﬂﬁl‘iﬁﬁi&ﬁ?‘ﬂﬂﬁﬂmPrﬁﬂ'ﬂﬁ'ﬁéiﬁi&hﬁ
‘susperided *masstis notrdeter [ot7éach -

specimen™ lightly ~with~ a’ ‘moistenedy MinifreaY
linen7 orcetton cloth~to<remove~all excesd
‘waler:from - the surface,“and determi
saturated . mass. "M to the neareet : ‘J‘ /
lorm ihe blctting opération by ;
specimen lightly on the wet clg f
previously have been satus:
thea. pressed only - enough
waler as. will drip from the 4
blotting will. introduce. e
“water from the”pares of 1
the weighing. immediatel e
whole- operation: being cogp
as possible to minimize af
tion of water froin the speci

5. Caleulations - Y
5.1. In the following , calcul
sumplion is made that | em? of
| g. This is true within about 3 pa
for water at room temperatures —
5:1_Calculate the

102

its exterior volume. Calculate :he
porosity as follows:

P~ [(M - D)/V] x 100

5.1.4 The water absorption, A4, expresses as
& percentage, the relationship of the mass of
water absorbed to the mass of (he dry spec-
i waler absorption as fol-

apparent

imen. Calculate the
lows:

A= {(M - D)) % 100

Ipervious.to water, as follows:
T=D/D -5

0 The bulk density, 8, in grams per

atimetre, of a specimen is the quotient
ALY ‘Mass divided by the exterior vol.

i ing pores. Calculate the bujk dea-
s: .

/ 5 Calculate the apparent specific grav-
-y : y of that portion of the test specimen

B =Dy

-A%For each property, report the
ithetvalues obtained with at least 5 speci-
ns, and also the individual values, Where
€ arc pronounced differences ariong the

¥4 » anather lot of § ssecimens

average

cubic’centimetres, as f st
. ’V -M - :
Silﬂl-ﬁléhiil_:“thé volwines of open pores
and impervious Jportions in gubic centimetres

as follows:
-Yolume-of™

Yolume of mpem‘ﬂh portions, cm?'= DS

ey TR ot
volumeof the_open; pores.of the specimen to

TheAmirica: Soctéy for:Testing:and tg-and Materials takes
e:risk,of Infringement of mich

U ipT S
VAT

ied| and in addition to individual

J. Prtcish;li and Accuracy

‘ ﬂﬁ]lﬁﬁ is accurate to £0.2 per-
w tef. @bsdéption in interlaboratory,
testing when the a g¢ value recorded by all
10, be the true ‘water
on

is approximately
rplion on measure-
ments made by a single experienced operator.

ericam Socle : : wwﬂlﬂﬂmy n’nm;rrfﬁuml;rrdh
%ﬁmkﬁmmq anwx:émqmmf;

i i AT R 4 SN
- This standard is' sibject to revision af M?
: -:mj' -ﬁ;
: sible 1 J

e o e



Appendix D

qﬁ.nj Designation: F 981 — 91

Standard Practice for

103

Assessment of Compatibility of Biomaterials (Nonporous) for
‘Surgical Implants with Respect to Effect of Materials on

Muscle and Bone’

This sandard is issued under the fined designation F 081: e number immediately following the designation indicates the year of
uﬁwmhnor.inm:uuurmﬁﬁumm?ﬂrnrumm.awﬂrhwmwmﬂmmﬁ..h

superscnipt epsilon (o) indicates an editoriai changs &

1. Scope

1.1 This practice provides a series of e
cols for biolozical assays of tissue r non.
nonabsorbable biomaterials for surgical imgl
the effects of the material on animal tSSucd
implanted. The experimental protc-g '
provide a comprehensive assessment Of thos¥
carcinogenicity, teratogenicity, or muis
rial. It applies only 10 materials with proy
in human subjects where the materials '
soft tissue in excess of 30 days and
Applications in other organ sysiems @ |
inappropriate and are therefore exclug d
wiil consist of any one of the metal Slloy
F67,F75, F9),F136 F 138, or F 56
sluminum oxide as described in SpecifiCaugi F
nizh molecular weight polyvethylene as starg 1n.SFS
F 648 or USP poivethylene negative control. A

2 This document is a combination .
F361 -80 and Practics F 469 - 78. The-pu
procedure, and method of evalugtion
matesial are similar; therefore, ‘#

1.3 This standard does not pu
safer probiems, if any, associated?
responsibility of the user of this sta d 1o estadlish
priate safety and health practices and determine the applica-

Qo=

bility of regulatory I:'mimm.ﬁ prior to'lses, Qs

ANYNS
i Fr ey s

2, Referenced Documents q
2.1 ASTM Standards:

F 75 Specificatiofy for Cast Cobalt-Chromium-Molybde-
num Alloy for Surgical Implant Applications

F 86 Practice for Surface Preparation and Marking of
Metallic Surgical Implants®

F 90 Specification for Wrought Cobalt-Chromium-Tung-
sten-Nickel Alloy for Surgical Implant Applications®

F 136 Specification for Wrought Titanium §A1-4V ELi
Alloy for Surgical Implant Applications®

1 This practice fs under the jurisdiction of ASTM Committes F-4 on Medicl
and Surgical Materials and Devicss and is the direct responsibiling of Subcom-
mittes F04.02 on Resources,

Current edition approved Apr. 15, 1991, Published August 1991, Originally
published 25 F 981 - 36, Last previous edition F 981 - §7.

2 Anmueal Book of ASTM Siandards, Yol 13.01.

4, Significance and Use

f m or rexpproval
)/ 128 Specification for Stainless Steel Bars and Wirs for
/r;iml Implants (Special Quality)*

=381 Practice for Assessment of Compatibility of Metalf
“emgsseeals for Surgical Implants with Respect o Effeg of

Z sesse | m on Tissue?

9 Practice for Assessment of Compatibility of Nog-

nrous Polymeric Materials for Surgical Implants winy
grd to Sffect of Materials on Tissue®

; ication for Wrought Cobalt-Nicke! Chro.

“minm-Molybdenum Alloys for Surgical Implant Appli-

)3\ Spetification for High Purity Dense Aluminum
ide for Surgical Implant Application®

548 {fication for Ulra-High-Molecular-Weight
Polvetnvlene Powder and Fabricated Form for Surgiaal.

Manis
Practice for Short-Term Screening of Implest
teials”
v of Practice |
Bhis practice describes the preparation of it iplants. te
£ of _,.g ats ard tet hosts, test sites. expesure sched
st ilization technigues, and methods of implaat
5. wifsue examiration of each test site. Histologicl
eria for evaluating lissue reaction are provided.

This pract covers a test protocol for comparing i
L1 deliub Tedpdnse evoked by biomaterials, from whic
& ok da & akle devices might ultimately be fabricued
with the local tissue response elicited by control
cusmently accepted fog she fabrication of surgical devics:
dv aczep alg are the metals (and metal 2lloys,
T TIO 'ummiﬂtlndpﬂl‘!ﬂh}u
which are ed on the basis of acceptable long-ter@’
experience. The controls consistently produce cellular re*
mﬂmmmammmmm:nmmmﬂ
to the host. :

5. Test Hosts and Sites. i
5.1 Rams (acceptable strains such as Fischer 344). Ne%

Zealand rabbits, and dogs may be used as test hosts for ¥

tissue implants response. It is suggested that the rats be ¥

MMmm_Rabbimmddmmghumdum

for bone implants. '

sigiird=19

3 Discontinued—Se= 1988 Annwal Book of ASTM Standards. Vol 1381
% Discontinued—See [937 Anmual Book of ASTM Standards, Vol 13.01



i Fog1

3.2 The sacro-spinalis. paralumbar. eluteal muscles. and

'1|cmur or tibia can serve as the test site for implants.
Jowever. the same site must be used for test and material
Jﬂpinnts in all the animal species.

;.3 Table | contains a suggested minimum number of
gqudy animals and 2 suggested schedule for the necropsy of

jnimals.

5 Implant Specimens -
6.1 Fabricarion—Each implant shall be made in a cylin-

irical shape with hemispherical ends (see 6.2 and 6.3 for

4res). If the ends are not hemispherical. this shall be reported.

zxch implant shall be fabricated. finished. and its surface

4saned in 2 manner appropriate for its projected applicatdo
, human subjects in accordance with Practics F 86.
6.2 Reference meullic specimens shall be fa ric

3 Specifications F 67, F 75, F90. F 135, F, g

wramic in F 603 or polymers such as in Specificanon-+

. polvethylene USP Negative Control F}IJV
&3 Suggested Sizes and Shapes of Implanti jof aserio
1 Muscle: ;

aplants. -
8.3.2 For Rabbits—| mm diameter by
siindrical implants.

6.3.3 For Dogs—6& mm diameter by,
ical implants. _
6.3.4 If fabricaton problems prevent prgParige
mm in diameter, alternative specimen sizghe
ameter by & mm long for r2ts and 4 mm @iz
@ long for rabbits. If these aliernate dimensi
<h should be reported in accordance with 8. /
6.4 Sizes and Shapes of Implants for Insertion i Bome-
54.1 For Rabbitis—2 mm diameter by 6 mm b‘!mt
‘cal implants. =
542 For Dogs—4 mm diameter +\""-- i

\;
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implant materials be processed and cleaned in the same wav
the final product will be.

6.6.2 Clean. package. and sterilize al implants in the
same way as used for human implantation.

6.6.3 Afier final preparation and sterilization. handle the
test and control implants with great care 1o ensure that they
are not scratched. damaged. or :nnmmmated in any way
prior 1o insertion.

6.6.4 Repon all details of conditioning in 2ccordarnce with
3.1.

6.7 Implantation Period—Insert all implants into each
animal a1 the same surgical session so that implantation
periods run concurrently. The implantation period is 32
ks for rais and rabbits: 104 we=ks for dogs, with intedim
at 12, 26. and 52 wesks (se2 7.4).

ation (Musclej:

aterial implamts in the paraveriebral muscles

aduitragrabbits. and dogs in such a maanner that they
.; EI in contact with muscle tissue.

& materiz! implznts iz dogs by the tech-

anunplanta.unnmml:hcmusch‘.bﬂ- using
eparate the muscle fibers. Then insert the

k Im Plant materials in each dn!.

lice material implants in rabbits and rats using
gue. Sterile disposabie Luer-lock nesdles may be
plant the material implants into the paraveriebral
glong! the spine. In rats insert a negative control
o pne side of the spine and a test material implant
1€t side. In rabbits imphm one negative control
al cn each side of the spine and implant wo test
_on each s:dt of the sp:m IF In.rger dmmem-

cal implants,
34.3 It the length of the bonre implafe
2 that designated because of anammi
uld be reported in accordance with
6.5 Number of Test and Camm.* Implants;

n- iy

65.1 In each rat. due to size r:shn]l
: each test and control m
€.52 In each rabbit, due to si
T =5t materials and two con mzuna]:mphm.

6.5.3 In each dog, there shall be twelve implants; eight tést

e b HPITE

6:6 Conditioning:
6.5.1 Remove all
and control implants in distilled
T prior to sterilization. It is recommended that the

TiLa

*nts and rinse all t

'TABLE 1 Intervais of Sacrifice

Necropsy Penoas Mumbers of Ansmals i
(Wesks Aher to be '
1 MNecropsmd
Ao Impiants) Rat Rabbit Dog
12 weeks 4 4 e
26 weeks i 4 2
52 weeks 4 4 2
104 weais —_— — 2

mur}—Expuse the h::ml cortex of
and dnll three holes 1Y in. (1.6 mm)
il cortex using the technigue and instru-
-' forrh:pmced:r:.Furdugs.mak:m:

2 mm) in diameter; make six holes in each
these holes, insert one of the
. Then close the wound.

! : taken to minimize the motion of the
the
mphmmnmmuduhﬁfm
! rdance with
lide for the Care and Use of

..-Inmh[l].’
7132 Cmtfuﬂyabs:wmhmimﬂduﬁnsﬂ&:p:ﬂodaf

assay and report any abnormal findings.
7.3.3 Infection or injury of the test implant site may
invalidate the results. The decision to the ‘animal so

gmmetouinumbuofrem:mpluuwﬂ!bcas
represénted in the schedule shall be dependent upon the
design of the study,

’mm-mﬁmmmmhﬂmmmm
of this standard.
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@b Fas1

7.3.4 If an animal dies prior (o the expected date of sacri-
fice. necropsy it in accordancs with the procedure in 7.4 to
determine the cause of death. Replacement of the animal to
the study shall be dependent upon the design of the study.
Include the animal in the assav of data if the cause of death is
related to the procedure or test material. .

1.4 Sacrifice and Implant Retrieval:

7.4.1 Euthanatize animals by a humane method at the
intervals listed in Table 1. .

NOTE 2—The necropsv periods start at (2 wesks because it is

7.4.2 At necropsy, record any gross abnormalit
or consistency observed in the tissue surrcundi
piant. Remove cach implaot with an inf ek
surrounding tssue. Include in the tissue SAFAPIEE Ein
of a2 4mm thick laver of tssue surrouadmg™h
less thap a 4-mm thick layer of tissue is rem@e
zccordance with 8.1,

1.5 Postmortem Observations—Necrog
are sacrificed for the purposes of the
assay period in accordance with stancard
Establish the status of the health of ,
during the period of the assay. Reportss de
3

7.6 Histological Procedure: v

7.6.1 Tissue Sample Preparation—Prefare® v
from each implantation site. ‘

7.6.1.1 Process the excised tssue block cogfinin
test implant or control implant for histopatBitiog
nation and such other studies as are approprial
sample midway from end to end into approp

each study. Record the gross a
the tissue, LS

- va 4
10 ol e

] ‘,
Wi

el 7 ,‘ 3.1
“Sell as the gross appearance of the surrounding tissue in

Degree Score
Mot presemt n
Minsmal present 0.
Mild degree of involvement |
Mederawe degree of involvement !
1

Marked degree of involvernent

_T.7.1.3 An overall toxicity rating of test samples mg, 5
given using a rating range of 0 1o 4, as follows: i

Ratng
MNontoxis
¥ery slight toxic reaction
Mild toxic reaction
Moderate toxic reaction
Marked tomc reacuon 5
.1 Pathologists may choose 10 use the scoring g,
paring the n=gative control to the test Materia)
ir evaluation. The overall toxicity of the tag ma
ompared to the negative control is 10 be evalyzy
gty for all tme periods,

Score

o 0 —

he ®port shall include the following informatiop:
L -'- cof implant characterization, fabricarigg
ogming (including cleaning, handling, 2nd sterilizatign
L -a‘lﬂ- for implantaton and implant retrieval
A ki Detail: of any special procedure (such as unusual o
diet fed to test auima]:}.

18 observations of each control and test implant

'Q: ployed).

(& implants were implanted.

=%.1.5 The observation of each histopathoiogical examinz

08 and the pathologist's evaluation as to toxicity of 1=t
avided P

7.6.1.2 If special stains are d e
additional tissue blocks or slides, dfath,
I

priate observations. ' ;
7.7 Histopathological Chservations ~/Compare the amount

of tissue reaction adjacent to the test lant to that adja-

cent 10 a similar location on i ““Grpss Resoons
to thickness of scar, £ mj
types. presence of particles, ifidi fin-

terartion of tissue and materifill as might occur with tke ac-
tual material under test. A suggested method for

uation of tissue i i i .
e TR T S

7.7.1 Suggested Mq.had Jor Tissue Response

1.7.1.1 A suggested format with cellular elements tw be
evaluated and a scoring range of 0 to 3 using the criteria
shown in Table 2.

7.7.1.2 The scoring system of 0 to 3 is based upon the

number of elements in high power field (470x) average of
five fields, -

Number of Elements Score
o 2 ]
1-5 0.5
b=15 |
16=25 b
15 or more . 3

- 1.7.1.3 The degree of necrosis score is determined using
the same range of 0 to 3, as follows:

d Evaluation Farmat and Scoring Range

thfeval g, QL
9

Gaant Cefls

Foresgn Body Debns

Fatty Infizranon

Rstatve Size of
voived Area in mm

Histogamologic Toxicity Ratng |
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X1. RATIONALE FOR PRACTICE F 981

x 1.1 This practice is based on the research techniques
ﬂu.td bv Cohen (5). and by Laing. Ferguson, and Hodge
11] in the early 1960°s. These studies invalved the lmpla_m-
II-,;-;ic:m of metal cvlinders in paravertebral muscie'nf rabbits.
=~ hinlogical reaction to the cvlinders was described as the
.I_s.:id;nﬂs of the fibrous membrane or capsule formed adja
<nt 10 the implant. The thickness of the r:apsu and.
; nce of inflammatory cells was used as a measi
igree of adverse reaction 10 the test materialig
TX1.2 As first published in 1972, Practice #
far the biological response o metallic ma eI
tad been expanded bevond that of the puibl

apanded to include the testing of specime
Be, polymeric or ceramic materials. thersh

W) Guide for the Care and Use of Laborzts
Health, Education. and Welfare, Pubii
revised 1978). 7

) “Toxicological Evaluation of Biomatertad 1
Screening Program.” Anificial Organs. VAU, ©

13) The United Stases Pharmacopeia. %X
Co.. Easton, PA. 1980, pp. 950-953.

H) Tumer, J. E.. Lawrence. W. H.. and Autian. I, 7Sybacute Toxicity

Testing of Biomaterials usi i
Rabbit Muscle Tissue.” JMFF M

mmmﬂ Tasting and Materials takes £p pasition

with any #em mentioned in this standard. Users of this

jon. Mack Publishing

superseding F 469.

X1.4 Porous or porous coated materials are specifically
excluded since the response to such materials includes
ingrowth of tissue into the pores. As a result. the method of
tissue fixation and sectioning and the evaluation scheme are
substanuallv different,

X 1.5 Suainless steel. cobalt chromium. and titznium a2l
u.s:dasr:fmmmmriaissim:thebinlngicﬂ
mmmmﬁalshasbunmﬂchmeﬁzedby
ive use in research. The response to these mate-

fined as comipatible, but rather the response is
4 relerence against which reactions to other materials

.6 g practice is a modification of the originai Prac-
\,‘\ in that it only involves long term test periods. The
9K {Brmigesponse to materials is to be evaluated using

P actice was revised in 1987 wo allow for alter-
pecimen dimensions for rats and rabbits for muscle
0. The original specimen dimensions wers in-
 implanted through a2 nesdle, which was a
361 and F469. Thes ahiernate dimensions
Se specified since 1972 which some members felt
-Sppropriate for some material types.

nge [rem

973, .
“35¢ of Foreign-Body Reaction.” Jowrnal of Bone and
T fo. 41A. 1959, pp. 152166,

& .. Ir. Laing. P. G.. and Hodge, E. 5.. “The loniza-
i of M i; | Implants in Living Tissues.” Journal of Bone and
Joint Surgey, No. 42A, 1960, pp. 77-90. §

(7) Laing. P. G.. Ferguson. A. B. Ir. and Hodge. E. 5. ~Tissue

[ W) Rﬂ:ﬁoninllbbhhimﬁehpmdmhdm'ﬁclmplmm'w

j Wmmmm I, 1967, pp. 135-149,
cling the validity of any pat .

-

# expressly t cipcerminati valiciity of any such
m‘ mj | | | .V. IC 7
i "
This 3 by thee responsible techmic: mmmhm‘mhmw
if not revized, ranproved oF wRRGrIW. man“mmwmm«hmw
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AMERAMCAN SOCIETY FOA TESTIFG AND MATERLALS
JFE Race 5:., Prelageiphia, Pa 19103
mu—mwm#mmmam
uum-nwmmﬂmnhmm

Composition of Ceramic Hydroxylapatite for Surgical

Implants’

Thiuund.-ud:'sismedund-rr|h¢ﬁudd=quﬁnnFtllinh:umbu'imm1mmdrﬁpuimimi:llum.-r:tnl'

original adoption or. in the case of revision. the vear of last revision, A number in
superscript epsilon () indicates an edilorial change since the last revision or

1. Scope

1.1 This specification covers material requireme;
ceramic hydroxylapatite intended for surgicai impls
a material to be called ceramic hydroxviapa
conform to this specification. (See Appends

1.2 The biological response to cerami
soft tissue and bone has been charucien
clinical use (1, 2, 3)° and by laborat

1.3 This specification specifically
apatite coatings, non-ceramic hydf
glasses. tribasic calcium phosphaite,
and beta-tricalcium phosphate. (

-

2. Referenced Documents

2.1 ASTM Standard:
F 1088 Specification for Beta-Td
Surgical Implantation®-
2.2 Code of Federal Regulations:
Title 2i; Part 820.
2.3 National Formulary®
Trbasic Calcium Phosphate
1.4 United States Pharmacopeia®

Lead <251> |

o JjjconSistent  with
droxylapatite, ;
ol A quantitative X-ray diffraction analysis shall indicas

mmmwﬁ_wﬂa
reapproval,

3.2 ceramic hydroxylapatite—hydroxylapatite which F
been fired 2: sintering temperatures. Firing time is m:
dependent, and shou!d be sufficiently long to cause signi
nt densification and formation of a biologically stat

sintering—an integration of time and temperature o
umic precursor which develops a coherent body wi
_ ies. Sintering is a non-melting process accor

)y significant surface area and bulk volume redu
densification), grain growth, and increases in mecha

.4 galcining—the heat treatment of a ceramic precurs
for 1 pose of eliminating volatile constituents, C:
i ‘nslm accompanied by some surface area and bu

ductions. Increases in mechanical properties a
noi ll}'simiﬁnm.

ok
fun
LY

4, Ch mical Requirements

Clemental analysis for calcium and phosphorus will ¢
the  expected stoichiometry of hr

ydroxylapatite content of 95 % (7). Anauysis ¢
#ak |intensities shall be consistent with publishe

r R Wl
Identification Tests for Carciuﬁ apd—lﬂﬁpﬁl‘gﬂ | >

Mercury <261>
Arsenic <2 |> H
Heavy Metals <231> Method

2.5 U. S. Geological Survey M 7

“Toncentration of trace elements in the hy
3y 'Eshaﬂbelimit:dasfnilm

. Element PP, max
Cad
mium ‘. o 'Y é: ;
> Dueipiom i TS LRI PHN TNEINY 2
3.1 hydroxylapatite— emical substance having the total beavy metals 0
empirical formula Ca,(PO,),OH.? ¢ gl % a1 -
x B {- = ML oS in M tl-"pﬁd..
e AN N A B s e
' This ; i he i eTTnin ad” will™b i
Medhlamwﬁw h?*ﬁh:mbcﬁcumdhmmmyd equivalen &m&mﬂﬂﬁ;mmmﬁ:fg
Subcommilies FO4.02 on Resources. tribasic calcinm . . )
Curvent edition approved Oct. 31, 1988, Published December 1988, phosphate as specified in the Nationa
ﬂ;;uhqummmmmmmmummm&nmrumuum Formulary (2.2) except that approximately 1 g of materia
oo S ;ﬂﬁdﬂdﬂdmwmdyjﬂmlﬂii HCl an

* Available from U.S. Government Printing Office, Washingion, DC 20402,
* Mational Formulary XVI. Available from U.5. Pharmacopeia Convention.
Irec.. 12601 Twinbrook Parkway, Rockville, MD 20852,

* United Sutes Pharmacopeia XX1. Available from U.S, Pharmacopeia Con-
vention, Inc.. 12601 Twinbrook Parkway. Reckville, MD 20852,

? Crock. J. G.. Felichte, F. E.. and Briggs. P. H.. ~Determination of Elements in
Mational Burcau of Standards Geclogical Reference Matenials SRM 278 Obsidian
and SRM 688 Baull by Inductively Coupled Argon Plasma—Atomic Emission
S-p:tme?y.' Genstundards Newslettor, Yol 7, 1983, pp. 335.340,

* Chemical Abstracts Service Registry Number [1306-06-5].
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4.5 It is recommended that all metals or oxides not
detected as lead present in concentrations equal 10 or greater
than 0.1 % be listed on the package insert.

5. Test Specimen Fabrication
5.1 Prepare test specimens from the same batch of mate-
rial and by the same processes as those employed in

fabricating the ceramic implant device.

6. Quality Program Requirements
6.1 The manufacturer shall conform to Good Manufac-
wring Practices (2.2) or its equivalent.

APPENDIX

X 1.1 Ceramic hydroxylapatite is comm
as a synthetic bone-grafting material. Asqwath®
material, the bioresponse is critically depg
material properties. To achieve reli T’
these must be known and consistent. Thi
provides specifications for 2 bige®mp3
hydroxylapatite. Trace element contengfs
physical form, and size must by i
biocompatibility standards.

(1} * Cranin. A. N.. Tobin, G2 Gelbman, J.. Yaran

_ Follow-up of Patients with (H/A) Ridge AugmEntall

tions of the Seciety for Biomaterials, 1986, p. 153,

(2) Kent, J. N.. Quinn, 1. H., Zide. M. F.. Guerra, L

.. “Augmentation of Deficient Alveclar-R

+ Hydroxylapatite or with Autogenois.
Oral and Maxillofacial Surgery. Vo

(3} Yukna, R. A., Mayer, E. T., Brite, Ok

of Durapatite Ceramic as an Alloplash

Osseous Defects After Three Years,” |

Vol 55 (11). 1984, pp. 633-637. '

(4) Jarcho, M., Kay, ). F,, Gumaer, K. Lg'Da

(i £ )

Bone-Ceramic  Hydros diite | Iotctiab

The American Socibly for Testing and Materials
with any fem mantioned in this stendard. Users of

if pot

ﬂm}‘ powder diffraction analysis provides better
Jifferentiation between hydroxylapatite and several com-

: ing second phases than traditional wet chem-

recognized that a separate performance

necessary for each end-use product. For this
al and mechanical properties were not speci-
ce of general test methods for ceramics may be

gikieering, Vol 1. 1977; pp. 79-92. - :
Drobeck, H. P., Rothsiein, S. S.. Gumaer, K. L, Sherer, A. D., and”.
Slighter, R G.-“Histologic Observation of Soft Tissue Responses
o Implanted; Multifacsted Particles - and Disss  of
ﬁmﬁm;m;:udw‘wwﬁfnﬂﬂq.&mswrﬂx Vol
143=149, : a
d Doremus. R. H., “Direct Electron Microscopy
one-Hydroxylapatite Interface,” Jowrnal of Bio-
tals Research, Vol 18, 1984, pp. T19-726.

‘Balmais , Legros. .. and Booel, G.. “X-Ray Diffraction of
Calcified B8ne Tissue: A Reliable Method for the Determination of
Bone Ca/P Molar Ratio,” Calcified Tissue [nternational, Vol 34,
1 59

o position respecting the validity of any palant rights asserted in connection
w—m‘mu Wdlﬂvﬂr of any such

RIIICIIALL ...

mnhﬁﬂrh‘mﬁ'ﬂﬂﬂwwhmm

and shouid be sddressad to ASTM Headquarters, Your comments wil recelve carelul consideration af 4 meeting of the responsibia
mmmemlwﬁmmmmuMdlﬂmmme
mmnmmmmMimmammm



Appendix F

Determination of €Elements
Standards’' Geological

Inductively Coupled Argon
Emission Spectrometry

F.5. LICHTS AND ?.4. BRIGGS

.G. CROCK,

2.5, Geological Survey, M.5. 2323,

Jsnver, colorzdo 30225, USA
'
ds ol

- g

Two new zzclogic refer
oy the MNational Sureau of
reference matzrials, have
arecise, accurate, and rapj
for their alement content.
dure usas a mu.=i-acid, Tow
in a closed =erlon wvass
simul canegus cetarminacion
inductively coucled aragon pla

jpectrometry, 4 preconcent:
soplied to a s&parate digestiony

and ogrecise determination of
alements. Average concentrations
for SAM 273 obsidian and 36 ele
nasalt are rzoorted. The results——t
elements are in jood agresment with
values and thosa reported in the
for as many' 2s 12 alsments™@re

TRy

109

in National Bureau of

Reference Materials
SRM 278 O0Obsidian and SRM 688 Basalt

by
Plasma - Atomic

Z2Crix variacions, are minimized by aroper
correction and mathematicai incer-
corrections. A preconcentracion and sefa-
edure (2) was usad for the de=armina-
{ =he rare sarth alssencs (REZ) ac ar nesr
neritiz savndance levels,

EXPERIMENTAL

TuREnzas Ton

* ICAP-AES rmeasurements wers Ferformed on

_-53-:-mr.n.u1 ICAP enizsion Spaciromecer,
. il-Ash* aodel 1160 Atom Comp, with some
in-novse =odifications. These modifications
Weinclude 2 Matheson mass low controller, aodesl
for controliing the sample and glasma gas
E°F5 4 3 Gilison Minigulse II periszaltis

-

samplas for the Tirst bin

T

Inducsivelir coupled n
emissicn speczrosatry (ICAR ). bech siSl
necus and seguenzial, i{s becoming an established,
multielement analyzical tachnifugefor the deter-gJ
mination of che

-

naterials,
and Xc
tion of the 11|ﬂm content of
materials follewing 2 closed vessel a.ci
zicn has bGee

ugictl
d:i.:u:-

B sl d.%ﬁqﬁﬁﬂmm

analiysis of ¢ standards recently released by
the National 3urs=au of Standards, SAM 588 basals
and SAM 278 obsidian. Elements reported here
include some that show a comparison with litera-
ture values and certified values, as well as some

reported for the first time for these two
samples.
Zome of the ipherent limitations in spec—

sroscopic i-rlllrs..-. such 23 spectral line overlap
from other =lemenzs present and Sackground shiftcs

Geostandards Newsletter, ¥ol.

e o “ﬁumﬂﬂm W

u..#—..ﬁaf €eliver the sample o 2 Se6iTieg

fﬂ Lzer (2}, an autoprofiler, a water

rr; system for the aebullzer argon gas

™, af 2 Perkin-Zlaer aodal 100 autosampier. A&

Digital“®cuipment Corporssion 0P 11-34 mipgi—

co-pl.tir controis the ICAP emission spectrometar

is interfaced to a Hawlett-Packard 1C00

data reporting. The operating

£t parameters are listsd in Tabie 1.

wavelengths at which spectral measuresents
-un made are :.uvn Table 2.

17 P

The digestion procedure wused for all
elements axcept the rare earth slements was one
modified from that described by Patchett and
Tatsumoto (5). This procedure is based on a
low-temperature sealed—container digestion of the
sample carried out in a 30 mL teflon bottle. 'nu.’
procedurs used is as follows:

* The use of ctrade names iz for descriptive
purgoses only and Joes not constitute endorsesmenc
oy the U.5. Geological Survey,

7, ¥° 2, Gezobre 1983, . 335 4 30



Tabie 1. Operating conditions and deriametars

Bower 1250 &

Argon flow rate {8 Lfmin, czalant
0.5 L/min, samole

Samole pump rate

ta nebulizer 0.70 mL/min
Observation height 14.5 am adove load =311
Reciprocal Tinear

1ispersion 0.54 mm/em
Mehul izer Mpdiffed 3apingcon
Qotics 1:31 magnification at antrance siit
Slics 25 um x 13 =m, antrance

50 um x 31 mm, exil

Taple 2. Wavelengthe used for a

fiement ‘Yavelength (om) El

Ag 128.0

4] 309.2

As 182.9

y 282,75

g 249.7

ET] 253.4

e 313.1

£ 223.3

ca i17.3

o 226.53

Ce 118.5

Ca 228.5 fa
or 2587.7 s
Cu 3247 sm
Iy 340.7 Sn
=r 369.2

£y 81.3

Ca 253.9

Fa 271.4

34 294.1

Gd 303.2 3- --
e 2585.1

—__.____ﬂ.‘#,
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Farshloric Acid: G. Frederick Zamith Co.,
“Tousle Jiscillect, 70W.

Agua Regle: 3 zersts Hydrochlaric deic: 1
secT Nitriec Acid.

-u internal scandard, 500 mg/L: Jissolve in
hydrochaloric acid a sufficient amounc (degends on
manufscurer's assay) of 59.369% Lu,2, {available
fram Spex Industriss, Ing., Hdetuchsn, H.J.) to
aaxe 100 al of a 19,700 ag/l solucion. Make zhe
200 mg/l solucion 3y secial diluzion wich 2C%
I':.J" ) aydrochloric acid.

weignc 1.J00 g of the =30 mesh sazpia into &
'hzck-'.lnlad taflon boTtle {ava:lasla “rom
= ux Corp., Miomnetconka, Minn.). Yrap che
oo B “hreacs with <eflon teape <o fnsures a
‘Add to zhe sample 300 pi of she Lu
s tandard solution. Add 5 al nizric =cic
hydroflucric acidi. Heat Zen=ly on a
uneli dry. Jesove Trom the Ret slacza,
Siowly 2dd 3 sl Avdrachleric aczid and 2
acid and allow the resction To suoside,
ita. Add 2 sl hydrofluoric acid. Tap she
ntly end pisce fa an alumisnuzm heating
inox Y2 wnox ¥ oiny wizn 0 Boles
o slighciy =ors <han the outsids
ar of 2ach tctrizs) on & hotplate sreser as
Heat for 30 nain. in che Leating block.
2ool To room tamperacurs, anc carefully
& Tha caps. Add 2.2 =i soarchloriz peid and
T2 cthe heacing Slack wicth <he lids

recoved, Zvaporate the solution to dryness at

E0°C, usually overcnighr. Zemove, 220l %o room

piuge, and epdd 1 al af 2qua ~egia. Place
uncoversd, on a zTeam tach Jar 135
d <ransiar the soiuslicon I3 an sopzy
2 or. golysropylene Dortcls and diluze
finmal solusion weligh: wizh I8 iv'¥)

HF 241.5 ggrch e'.u;enza and yztrium were
Ho 345.5 ugfa %ij& i an auxiliary procedure given in
K 766.4 te (2). This procedurs lnvolves an

L3 207.9

Mn

Solutions Required:

Hydrechloric Acid: J.T. 3aker "Instra-Analy-
=ad” for trace element analysis grade, 3I7%.

Hitrie Acid: J.T. Zaker “Instra-Analyzed"
for crace zlement analysis grade, TOR.

Hydrofluoric Acid: J.7T. 3Jaker Zeagent Srade,
48%.

lntd digestion of the sample followed 2y cation
anion exchafigh .separations. The detecticn
least ones order of

: ’g‘m AN TR N SRR R LR

RESULTS AND DISCUSSION

‘ Dectection limizs for granitic msacerials
using the described digestion procedure ars given
in Table 3. Detection limits wers defined as
shree times the standard deviacion of zhe
packground noise or slank, whichever was larger.
Jue to spectral interferences from other #lemencs
sresent,; these detectlon limits =ay vary in other
geologic matrices.



Tapie 3. Elements and detection {imits reoortad 382AriTlon-greconcentration srocedurs are larger
far [CP-AES quantitative analysis (1) from an Tar =he 3EZ mng ¥ (see Taple 3). Tar IEN 279
scid digescion acsi-'.‘_‘.an, i% 2lements wers decapmized =5 -e asove
the deteccion .:mic and 1% were -elow the limi-
of dezection. In like =arrer, Zor Z3M 528 zagai-=
) 36 2isneacs sere Zezermined o 3e adove th
ﬂéEszgn ﬂéE:;ﬁgn detestion limizs 3nd 14 wers celow, .
- -

Element  Limit (ug/q) Element Limit (ua/g)

In 20sST zases wnere the regulcs wers at
él 500 Mn 4 least five iizmes =oove the decection lizirs,
Fe 500 Mo 2 Teiative stancard deviations ranged from lass
Mg 500 b 4 than ! qercens =0 acout 10 persenc. = zan =e
Ca 500 i 2 conclucded tha: <he IZAP-AZS simulcanseus daterni-

aatisn of ITace, ainer, znd Ta’or alamen=gz can ze

:a }ggg J;g =::;|:L::|i:.:r-:.ng 2n sc:d digesticn of a gesiogis
Ti 100 Sc
2 100 S5e

V Susn  though the ITAP-AZS zechnique can

LEZTlost elements, the Zizestion grocedure znd

y seent dizsalution of the salts are noc

AQ 2 o e for all elements. Silicon snd =apran

As 10 Slazilized s flucrides by <he hydreflucric

Au 8 A 2 2NEisome resistant =inerais, such as zircon,

Ba 3 Ay et ce totally dissoived, resulting in low

\-\- soce 2ilsmencs. Howdver, srecisze and

ga 0.1 i -\ =EiSircontum cesulis wers ootained for morn

ai 10 W8 zcsidisn and 3EM 238 sasal:z i this wori,

ca 2 er BOERICLE due' o the vesy Tine grained sTrucurs

Ce (2} 4 . :.. 'EEM°s, which facilitates dfssalusian,

5303 ot cthe case with s}l g2ological

Ca 1 Sm CE8ls, especisily grenites. Thersfore, zimot

Cr 1 Eu” confun i3 not ususlly -scorted Jorp geological

Cu 5 ialsg foilowing an scid digestion, and

Ga 4 b “herefors no dececTion limit is given in Tabis 3.

Qther siements may also zive low or izprecise

Ge 10 I3 if they are present in cesistanc

La (2) 2 An =xample of this is zeen In 23M 388

Li 2 hromium content. The chromium s

111

and a di
dissolved i

{1) Far granites ﬁin Facty 4

{1.000 g sampie 0.20 g solution).
Eiements and/or detaction limits may change for
ron-silicates or highly minEraTiéwample:.

(2) The detecéicm Ti u %ﬂmj
REE and ¥ 1in Tables ﬁg a 1 i £

and Lichte (2). The deféction limits given here
are thosea wnich result when omitting the s?para.-

tion/preconcentfat : d

are not repo Ul th I "

but are reporte lowilfig" th £"se tion/
an

preconcentrati cedure,

The average result and standard deviation of
the results from three bottles of each standard
rock taken :hrough the closed vessel digestion
chree separate times are given in Tables ¢ =nd 5.
The REEZ and ¥ values as reported in these zables
Bre Jor IZAP-AES analysis after preconceatracion
and separation sccording to the method of Croek
and Lichte !2), Due %o numercus spececral inzer-

ferences, che detection limits withous <his

Sent as a3 rutiis-structurs ainercal,

SFiromize or Llsenite, mnd wWill Rava a
Wiced |Ebiubilicy. This ilmired soluzilisy is
shown =y recise daca and 3 sean chronius vale
ahich 15 lower than the axpected value. Several

O/ of zhe elements listad in Table 2 such as

- n and the AEEZ, whose analyzicai
| nely looked for in the ICP-AZSS
b=} 2, generally have concentrations Selow

our limits of de for zost silicate rocis.

PR 5T S

7)., we have developed a

» using an ion exchange

separation procedure, and have Llowersd =hejir
limits of detsction ©ty =more than an arder aof
magnitude from those listad in Table 3.

A closed vessel is =more effective than an
open vessel in dissolving smany types of samoles
because of the incr=ased pressure at a given
temperature. A closed wvessel also i;proves
refluxing and therefors reguires szallsr acid
voluces, which reduces analyte concentratians in
blank. This digestion procedure coupled wizh =
powers of a sisultaneous ICA2-AES analysis provas
o te a ripid, accurace, 2nd precise zechad <0
analvze geological materials.



Taple 4. Elemental :::m-::m'u;rat.i-::u'rs1r af MBS SAM 278 absidian as de ermined

This Study [A) %65 [8)
Al 7.78 £0.08 7.49 +0.08
Ba o925 9 1140
Be 2.4 0.1
Ca 0.72 «0.01 0.703 #0.001
ol a1 xi 52:2
Ca E o § 1.5
Cr J 5.1
Cu 5.9 0.2
Dy
Er
g: 43 +0.01
Ga
Gd |
'l.l =
uo (ppm 3.45 20,02
La
Li
;: e 0.139
Mn 400 20
ﬂﬁ 3.63 :0.04
m *
Nd
Ni $0.3
P 6 +0.002
Ph 0.2
Pr
Sc
g? 0.1
Th —F————— +0.3
Ti AR 147 +0.004
Tm
U || 4.58 20.04

¥

Y-
Y

ay [CAP-AES

Literature (C)

7.8 «0.2
1080 =50

0.53
59.4
1.85
5.4

-

5555
L3 = 0

L 0

0.786
1.52

o 5 DD
(¥ M= [=] o0
o o

5.34

J.44
35 14

0.24

b
:

S
=]
n

400 =250
3.46 #0.25
28.2 1.0

or reference (8)

N S

(A)
(8)

(c)

Mean of 9 determinatizns with & standard deviation.

Certificate of Analysis, Standard-Reference Material SRM 278 Obsidian;

Office of Standard Reference Material, National Bureau

of Standards, U. 5.

Department of Commerce, Hish'[ng:on 0.C. {oxides converted to elemental

content).

Graham et al. (6).



113

7anle 5. Elemental concentrations of NBS SAM 588 basalt as determined by [CAP-AES

This Study (A) #Bs (8) Literature (C)

Al (%) 9.04 +0.05,_, . 9.19 #0.05 9.1 +0.2

3a ppm} 197 =33

Se (ppm

Ca (%) 7.9 £0.3

Ca (ppm) 10.1 +3.9

Co (ppm) 47.5 21.5

Cr Epan] 328 +15

C: (ppw)

Oy znnn

Er (pom

Eu (ppm) ~0.92 $0.05

Fe (%) WMal4 +0.03 7.23 +0.19

Ga (ppm)

&d (ppm) 2.32 =0.c08

Ho (pom)

% (%) 155 £0.006 0.17 £0.01

Lz (ppm 7.54 £0.93

Li (ppm

Lu (pom) 0.34 +0.06

Mg [:] 5.7 =0.4

Mn (ppm) : , . E 1150 =70

HI m / o ’_‘f’.' 1-50 *Utcz 1-39 1'0-12

Nb (pom Y :

Nd (pom 9.95 +1.08

Ni (pom)

? E: : 8 0,002

75 (pom) '

Pr (ppm

Sc (ppm 36.1 0.9

S (ppm) 2.31 =0.08

Sr (ppm) A

Th (ppm) 0.33 £0.02

Ti .-} ?39 +1.009 0.70 :0.01 0.72 +0.02

3 }'LlEl mwmm
. Yb (p z.zu 1.86 =0

QIR TR U TN a T e

*Ag, As, Au, Bi, Cd, Mo, Sb, Se, Sn, Tb and Tm are not listed because they
were less than the detection limits and data was not resorted by NBS or
reference (6).

(A) Mean of 9 determinatfons with + standard deviation.
(B) Certificate of Analysis, Standard Reference Material SRM 688 Basalt;
Office of Standard Reference Materials, National Bureau of Standards,

U.5. Department of Commerce, Washington, D.C. (oxides converted to
elemental content).

(C) Graham et al. {6).



RESUME 2

Deux nouveaux &chantillons géochimiques de
référence distribués par le "Natiomal Bureau of
Standards” ont &t& analysés par une méthode
précise, juste et rapide. La procédure décrite
est basée sur la décomposition de 1'échantillon
avec une dissolution multi-acide i basse tempéra-
ture dans un bécher en teflon fermé; ensuite, 50
éléments ont &té dosés par spectrométrie d'émis-
sion 3 plasma induit (argon). Une procédure de
préconcentration a &té appliquée i un aliquot de
Ta solution afin de doser les &léments de ten
rares avec précision. Pour 1'Echaufil

_dian (SRM 278), 39 &léments ont
minés tandis que pour le Casall

é)8ments ont pu étre dosés. U 1
général en accord avec les wad
ceiles publiges. Des donnéss..p
sont présentées pour 1a premiecs

(3

(1}

Tence sasples using
salsaion spectrometry,
133-180.

114

J.G. Crock and F.Z. Lichte (1962)
Determination of rare esarth elementa [n geologi
zaterials 5y Lnduccively coupled argon plasma/ato

smission sSpectrometry, Analytical Chemiscry, 1
1329-13332.

4.4, Mclaren, 5.3. Berwman, V.J. Boyko and D.5. Rusms
{isa1)

Sleyl tansous determination of sajor, mimor, and ra
slesents in sarine sedisents %y inductively coupll
plassa  atomic emission  spectrometry,  Analytig
Chemistry, 53: 1802-1806.

4.3, Garparino and H.Z. Taylor [1980)

A dabingtonm :=ype neoulizer for use in che analysis .
patural water smasples by Inductively coupled plam
spectrometry, Applisd Spectroscopy, 34: 584-520.7 v

P.f. Pazshacs and ¥. Tatsumoto (1980)
A routine high-precision sethod for Lu-d#f Lso
geochemistry and chronology. Contributions o "hﬂﬂm

Christopher, Graham, D. Michsel, Glascock, J. Jamem
« B. James, Vogt and G. Thosas, Spalding (1382)

‘Determination of slessnts in Yational Buresu of 5Stan

Ta’' geological standard reference asatarials &
neutron tivation analysis, Analytical Chemiszry, 5a
8231827 .

Hansan {12801
earth elssencs in petrogenstic studies of igneow
+ Anmyal Review of Zarth and Planecary Sciences
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