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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.
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Introduction

“Bioactive ceramics” are widely used in orthopaedic and dental fields due to their bioactivities and
bioaffinities. Porous bioactive ceramics are designed as bone void fillers, and cell migration from tissue
into their pores is an expectation for effective repair of bone defects; thus, they are one of the promising
candidates for cell scaffolds for bone tissue engineering medical products.

To clarify the clinical safety and usefulness of these bioactive ceramics, physical, chemical and biological
properties must be examined. In the methods used, animal tests are the ultimate and essential methods

to exa ceramics; hOWGVCI‘, nu

irst and most important property for porous biomaterials including bioactive-cer3
tion capability, because cell proliferation, differentiation, tissue formation and tiSsug
in and surroundings of porous biomaterials do not occur without cell migration.

Currgntly, two different cell-seeding methods are used for estimating “cell migration” proy
dropping a cell suspension on the top surface of a porous material. Thisymethod tests the
ability of the “cell suspension” under gravity and estimates the number 6fcélls that migrate
held within the porous material. The other method is shaking a pordus*material in the cell
This|method also tests the penetration ability of the “cell suspension” like the above met}
shakjing to drive the cells into the porous scaffolds. Both methods test the abilities of cell
and retention only, and do not test the intrinsic ability of thé.cell to migrate simulating w
in viyo. Body fluid itself can sufficiently carry cells across a:minor gap between the implan
and the host bone. Accordingly, no cell migration test methods have been reported tha
iour in vivo.

h porous bioceramics are implanted into bone-defect, cells migrate into the pore to for
is process, migration of osteoblasts mainly-plays important roles for osteoconductio
o0 osteoconduction nor bone formation ¢an occur without osteoblast migration.

efore, it is imperative to establish.@ quantifiable method to measure cell migration
s bioactive ceramics in a manher similar to how cells behave in vivo, in order to ey
htial appropriately as materials for tissue-engineered medical products.
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Tissue-engineered medical products — Bioactive ceramics
— Method to measure cell migration in porous materials

1

Scope

The document specifies the test method to be followed for measuring and documenting the cell

migratiomabitity of porous bioactive Teraric materiats:

This|document is not applicable to porous materials that have low or no cell adhesion pr
instgnce synthetic polymers and metals. These types of materials will require longer tin
effective transfer and migration of cells from the cultured substrate to the test specimen.

influences of cell passages, cell kinds, differences in cell culture consumables jitcluding cult]

and

used|in each country, as a reference material for calculation of relative migpation distance.

2
The

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

For the purposes of this document, the texms and definitions given in ISO 10993-5 and the foll

ISO gnd IEC maintain terminological databases for use in standardization at the following ¢

3.1

bioceramics
ceramics used thatenhance biological functions when implanted in the human body

3.2

bioartive'\ceramics
biocgramics (3.1) with direct bone bonding property when implanted into bone defect

3.3

fetal bovine serum etc., the method uses a porous bioactive ceramics, which is clinically

Normative references

following documents are referred to in the text in such/a“way that some or all of t

10993-5, Biological evaluation of medical devices =< Part 5: Tests for in vitro cytotoxicity

Terms and definitions

ISO online browsing platfern: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

bperties, for
hes to allow
[0 minimize
ure medium
y and widely

heir content
applies. For
hts) applies.

pwing apply.

ddresses:

biomaterial
material used in or to be used in medical and dental field

3.4
full

confluent

cell cultured dish is almost completely (95 % to 100 %) covered with a monolayer of cells

3.5

complete medium
cell culture media that is recommended for the chosen cell type by the supplier of the cells with all
required supplements cell culture medium that is confirmed by the user that the cells used in the test
proliferate well without any mutation

© ISO 2018 - All rights reserved
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3.6
osteoblast-like cell
established cell lines which widely recognised to have “osteogenic activity”

3.7
cell group

group of cells composed of at least five cells where the distance between each cell is less than the

cell width

4 Principle

The cell mig
are seeded i
and cell attg

The present

confined in
into the por
To minimiz{
culture med
commercial
migration d

1
I

a) Befo

Key
1
2
3

culture d
cells adh|
test matg

ration property of porous biomaterials has been estimated by measuring cell numbersg

chment, not migration by cells themselves.

method is very simple and effective to measure cell migration by themselves.

h confluent layer of a culture dish are able to further migrate and proliferate from this
ous bioceramic materials that are placed on top of the culture dishras shown in Figu
e influences of cell passages, cell types, differences in cell culturé-gonsumables incly
ium and serum, etc., the method uses a reference material thatporous bioactive cera
sed and used clinically with good clinical results in each country for calculation of rel
stance.

| 2

re: No cells exist in a test material b) After: Cells move up to a test materig

through pores

ish filled with cell culture medium
ered on a bottom of'ewlture dish
rial

Figure 1 — Schematic drawing of test method

After the i
materials.

stability, surface m

that

n the porous body by two methods, however, they measure penetration of cell suspension

Cells
layer
re 1.
1ding
mics
ative

11

itia] transfer of cells onto the material interface, they start to migrate into pores o
bt v.:v'.v ' > _" ' ~p—T > ., O .,...,' .v...v. TITd .
orphologies, and pore structures similar to what is seen in vivo and which m

imics

the initial part of the bone regeneration process.
Giemsa staining is a very stable and easy method to stain cells for this method.

Linear longest migration distance of a valid cell measured from the cross section of the Giemsa stained
porous bioactive ceramics is well reflected cell migration in vivo.
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5 Test specimen

5.1

Shape and dimensions

The shape of the specimen should be a disk (10 £ 0,2) mm in diameter and (2 + 0,1) mm in thickness.

5.2

Number of test specimens

At least five pieces are required for the comparison between two (reference and test) materials.

5.3

Com
filler
isre

6 1

6.1
The {

6.2

Spec

6.3

Spec
with
the t
tapp

6.4

Oste
culty
confl
conf}
per V
days

NOTH

Raof r'S 1ol
NCTCTCIICCIITatCrIar

mercially available porous bioactive ceramics in each country that are confirmedas go
by basic researches and/or clinical results. The reference material available in multig
rommended.

Procedures

Measurement of thickness and diameter of specimen

hickness and diameter of specimen shall be measured witha‘calliper or a micrometer

Sterilization of test specimens

mens shall be sterilized by a method which doestot affect the material quality beforg

Deaeration of test specimens

mens shall be immersed in 5 mL complete medium in a centrifuge tube which can be s
alid. After an 18 to 21 gauge needle connected with a 20 mL syringe is inserted throy

ng on the tube for 2 min to 3 min to eliminate bubbles.

Cell culture

bblast-like cells shall-be seeded on 6-well cell culture plates or 235 mm cell culturg
red to full confluency. Seeding cell number will be decided by the preliminary te
uency within @ days. MG-63 and MC3T3-E1 are recommended for osteoblast-like cel
uent cells within 3 days in 6-well culture plate, seeding of 6,0 x 104 per well for MG63
vell for MC3T3-E1 will be needed. Cells shall be observed under a phase-contrast micrj
to 3 days after seeding to check cell confluency and to avoid cell overconfluency.

The number of cells is counted by conventional methods using the hemocytometer,

bd bone void
le countries

the test.

baled tightly
gh the lid of

Libe, the specimens shall be deaérated by pulling the plunger of the syringe back completely with

dishes and
st to obtain
s. To obtain
or 8,0 x 104
pscope for 2

described in

ISO1

RBI66-1 orcell rnnnh'ng r]nvit‘nc’ described in ASTM E2149_01

The number of cells to be seeded to reach full confluency within 3 days should be confirmed by the
preliminary test, if the cell line other than recommended in this document will be used in this test.

When wells (dishes) are covered with confluent cells, 3 wells (dishes) shall be stained with Giemsa
to record the cell confluent status before migration test as follows: After being fixed with 2 %
glutaraldehyde overnight, Giemsa solution with appropriated concentration shall be prepared with
PBS, and 2,5 mL of the solution shall be added to each well (dish) and incubated for 3 min at room
temperature. Then the staining solution shall be removed and washed with 2,5 mL distilled water
for 3 times. Stereoscopic micrograph of each well or dish shall be taken at x10 or maximum available
magnification so that the bottom of plates or dishes can be observed in the same scope.

© ISO
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6.5 Placing specimens on the cell layer

When cells have reached full confluency, one deaerated specimen shall be placed on the cell layer and
the SUS316 stainless steel double ring with 10 mm in ring outer diameter and 0,8 mm to 1,0 mm in wire
diameter, shown in Figure 2, shall be put on the specimen to brace in place. Both shall be placed with
forceps without dropping nor agitation of the medium. There can be some roughness and unevenness
on the surface of the specimen due to manufacturing process. Choose a smooth surface of the specimen
to place on the cell layer.

When transferring the plates (or dishes) into the CO; incubator, take care not to move the specimen
inadvertently since it could impair the close contact of the specimen with the cell layer. The cells shall

4=l Lo TN | bl . - 1 4=l 1
be cultured prother3 UdysS WITITOUT IIITUTUIIT CITAITgT O dITy OCIIcT proceaurc.

Figure 2 — Stainless steel double ring

Set the weight on the sample to ensure close contact between the sample and the confluent cell layer.
However, if|the influence of the extra weight;on the cell is unclear, the acute cytotoxicity should be
evaluated by cell proliferation assay as follows, to ensure that there is no effect.

a) wash tHe weight with ultrapure (water with applying ultrasonic for 1 h followed by rinsing|with
ultrapufe water 3 times.

b) dry heat sterilize the weight’at 160 °C for 3 h.

c) place the weight on the full confluent cell layer as same as the cell layer to be used in the tesf and
observed cell shape.dnd numbers surroundings of the weight with phase-contrast microscope |daily
for at lepst 3 days.

6.6 Treatments after cell culture

The specimen shall be harvested 3 days after incubation. To prevent detachment of cells from the
specimen, place the bottom side (cell contact surface) of the specimen up after harvesting. The
specimen shall be washed with PBS for 3 times and fixed with 2 % glutaraldehyde overnight. After
fixation, the specimen shall be washed with PBS for 3 times and immersed in 10 mL of Giemsa solution
with appropriate concentration at room temperature. After 3 min, the sample shall be transferred to
another vessel and washed with 10 mL of distilled water. The wash is repeated 3 times.

If this staining method does not work or is very different from the manufacturer’s instruction, follow
the staining protocol in the manufacturer’s instruction.

Wells or dishes after harvesting specimen shall be washed with PBS for 3 times and fixed with 2 %
glutaraldehyde overnight. After fixation, the wells or dishes shall be washed with PBS for 3 times and
pour 2,5 mL of Giemsa solution with appropriate concentration at room temperature. After 3 min,
the solution will be removed and washed with distilled water. The wash is repeated 3 times. Then,

4 © ISO 2018 - All rights reserved
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the staining solution shall be removed and washed with 2,5 mL of distilled water for 3 times. Cell
migrations from the edge of the cell transferred areas on the well or dish are observed, if the specimen
and stainless steel double ring are not affected cell viability. Further, if cells in the specimen placed area
showed no change in shape and numbers but did not transfer well, low “flatness” of the specimen can be
the reason.

6.7 Positive and negative controls

Including positive and negative controls for the assay signal can be useful for each assay. For example,
an appropriate negative control can be to conduct the measurement in the absence of cells. The scaffolds
can be placed in dishes without cells, incubated with culture medium, washed, stained, imaged and
scorgd. As an example of an appropriate positive control, the scaffolds can be directly seeded with cells
using a pipette, incubated in medium to let the cells adhere (possibly 4 h or 24 h),washed, stained,
imaged and scored.

Thesle controls provide assurance that the assay is working effectively and help-with intefpreting the
results. In the case where cells migrate into the test scaffolds, it is importafdt/to demonstrgate that the
negative controls did not score positively for cell migration. This provides,evidence that thebackground
stainfing of the scaffold and the scoring procedure, among other things; are reliable. In thg case where
therg¢ is poor migration into the test scaffolds, it is important to demonstrate that the positive controls
scored positively for cells. This provides evidence that cells were yidble, the stain was effecfive, and the
scoring procedure was reliable (among other things). Including positive and negative comtrols in the
assay makes it possible to interpret the results and improves<«onfidence in the conclusions

6.8 | Observations of cells that migrated into a specimen

Anngxes A and B show typical results and are useful t6 understand practical results and pijocedures as
referjred in the following procedures.

The [ell-contact (bottom) side of the specimen shall be observed with a stereoscopic microscope.
Sterdgoscopic microphotographs of the bettom side shall be taken. The specimen shall be fut into two
piecgs using a thin scalpel commonly uséd for eye surgery. Depending on the flatness of boftom surface
of thle specimen, stained area might have irregular distribution and shape as shown in|Figures A.5
and B.3; therefore, the cutting position shall be determined from the stained specimgen interface
(bottom) that had been in dirget-contact with the cell layer; and the incision shall be magle along the
longest determined length thirough the darkest stained area of the specimen (Figures 3 to 6).

© IS0 2018 - All rights reserved 5
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Key

A cutting position O
B  stained grea G\\%

C non-staiped area @)

Figure 3 — Schematic drawing to determine cutting line for SKQ%&!D surface of which stained
area is more than a hal &

Key
A cutting posi Y
B  stained 3

C non-stained area

Figure 4 — Schematic drawing to determine cutting line for specimen surface of which stained
area is less than a half
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Key y\o.)
A dutting position O

B  dtained area G\\%

C non-stained area @)

N

Figure 5 — Schematic drawing to determine cutting li Orspecimen surface of which stained
areas are partiiii\ d

i

S

A dutting'position

Key

B  dtained area

C non-stained area

Figure 6 — Schematic drawing to determine cutting line for specimen surface of which stained
areas are distributed

The cross section should be observed preferably with a stereoscopic microscope. Stereoscopic
microphotographs of the cross section of the specimen and micrometre at the same magnification shall
be taken.

NOTE1 Specimens are cleaved with a scalpel that is normally used for eye surgery. If it is impossible to cleave

specimens with a scalpel, the specimen is cut with a diamond cutter or similar apparatus using phosphate
buffered saline as lubricant.

© IS0 2018 - All rights reserved 7
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The same specimen stained with the same Giemsa staining solution after soaking in the same cell

culture medium without cells for the same period can be used as a control to confirm background staining level
of the specimen to clarify the stained parts of the test specimens are cell(s) or not.

NOTE 3

longest migration distance measurement as well, if confocal microscope is available in the laboratory.

6.9 Measurement of migration distance of cells in a specimen

6.9.1 General

Fluorescent labelling of cells and observation with a confocal microscope can be used for the following

All measurd
(objective x

ments snould be performed preferably under a stereoscopic microscope at x10 ang
| and x2, eye-piece x10) magnification.

6.9.2 Maximum migration distance of cell

The longest
group shall

a) Using a
staining

features

b) Validati

multipld
group t
media ¢

The followir

Longest ling
bottom side

6.9.2.1 Dg

As shown iq
measured a

Key
grey area

linear distance from the bottom side of the specimen to the furthest stained cell o
be measured for each specimen. Before measurement, the following shall be checked.

shall be validated using general cell criteria including nucleargstaining and morpholg
showing cellular process and attachment to the surface of the porous structures.

pn of cell and cell group for measurement described.below is based on the results

e inter-laboratory tests. The following empirical validation avoids inclusion of a cell o
hat can have lodged non-specifically within the larger pore sites as a result of cell cu
hanges and washings prior to fixation.

1gs are the protocol to validate cell and cell group in detail.

ar length from bottom side to top end.ofa cell or cell group, which observed most far
shall be measured.

termination of linear longest migration distance for cell group

Figure 7, the top of a cell group is continued from the bottom side; thus, the white Ii
5 the linear longest distance for a cell group.

stained area with many cells

x20

r cell

stereoscopic microscope at high magnification (at least x40), the’cellular nature of the

gical

from
cell
ture

from

ne is

NOTE

The white line is the longest linear distance.

Figure 7 — Measurement point of migrated distance in a simple stained area
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Key

grey area stained area with many cells

A single-cell

NOTH The white line is the longest linear distance. '\(b

Key
rey jrea stained area with many cells Z
grey y \\'Q
NOTH The white line is the longest linear distancgs
K\
Figure 9 — Measurement point o@ﬁgrated distance in partitioned stained a

In ca

grou

Even
longd
bottq
asw

Whe

Figure 8 — Measurement point of migrated distance in a simple stained @ith a

a cell group '\Q)

8)

p” is the white line. Og\

g)as shown in Figure 9, the higher stained part is measured

h cell gr@‘are divided from bottom stained area, the following validation shall be p

In cdse @'Eure 10), the closest distance from the cell group A to the cell group tha
confir as a valid cell group, length of line b, is shorter than that of line a, migration
valid.cell group; thus, A is confirmed as a valid cell group. In this case, no divided cell grouy

rell but not

rea

N
se 1, the cell is divided from thect}p of the cell group as shown in Figure 8, the dark line indicates
linear longest distance to a “cell?,_but not to a cell group; thus, the linear longest distan|

ice to a “cell

as a linear

p” is defined

stained area is divi

st distance for a @;}?group as indicated as the white line. Thus, if no cell group divided from
m stained area served as in Figure 7, the linear longest distance of the “cell grou

hite lines in Fi 7.

brformed.

t already is
distance of

with longer

distance from bottom side. Accordingly, the linear longest distance to cell group is a length of line c.
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Key

A cell group QQ)Q
a migratioh distance of a valid cell group ,\O,)

b  distance|between cell group A and a valid cell group O

¢ linear longest distance of cell group

O
Figure 10| — The measurement point of migration distance in sé{ed area when a cell grqup
migrate irregularly in specimen at very near to stained area
N

In case 2 (Higure 11), start from the cell group C, which is ‘@e closest cell group from bottom

side.

Length of lipe i, distance to the closest valid cell group from\’@e C, is shorter than that of line j; thus the

C is a valid ¢ell group and the length of line h is valid rfgfstion distance as the same as the cell group
n

A and line d in the case one. However, much longer d ces from the other cell group D to bof

tom,

length of line m, are also valid due to the same reaéé) , L.e., length of line k is shorter than that of line

1. Contrarily} cell group B is not valid, because thglb
group, is longer than that of line h. \\Q

6.9.2.2 De¢termination of linear lon@f migration distance for cell

After determined linear longest m'g@ion distance for the “cell group,” the same validation w
performed for a cell, using the cl

gth of line g, the closest distance to the valid cell

1l be

“cell group” not “cell.” For instance, in Figure 11, when all circles,

B, C and D, gre “cells”, not “cell ps”, the cell B shall be validated using lines e and finstead of lipes g

and h. Thergfore, even if len@a\ofline g is shorter than that of line h, cell B is not valid because leng

th of

line e is longer than that e f-When C is a “cell group”, using lines g and h for validation of the cgll B.

After validafions me Vhed above, the longer distance between linear longest distances of the cell and

cell group shall be en as the maximum cell migration distance for the specimen.
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Key

B,C, D irregularly migrated cell groups or cells

> Q - o

e

3

Fi

6.10

To c(

longest linear distance of cell group/cell B when C is a valid “cell group”

closest distance between cell group/cell B and a valid cell group when C is hot a valid “cell gr
migration distance of a valid cell group closest to cell group/cell B when-C is not a valid “cell

closest distance between cell group/cell B and a valid cell group whén C is a valid “cell group
longest linear distance of cell group/cell C

closest distance between cell group/cell C and a valid cell greup

migration distance of a valid cell group closest to cell graup/cell C

closest distance between cell group/cell D and a validzell group

migration distance of a valid cell group closest to,cell group/cell D

longest linear distance of cell group/cell D

groups migrate irregularly in specimen

Cells remaining on the well or dish after harvesting specimen

nfirm the cell’s behaviour to move to the specimen from the bottom of wells or dish

(or the dish) will be stained'with Giemsa after harvesting the specimen as follows.

— A 2,5 mL of Giemsa solution with appropriate concentration in the 50 mL sized centrif

1

—

q

oom temperature will be added to each well or dish after fixation treatment for 3 min

he staining solution will removed and washed with 2,5 mL of distilled water for 3 tim

tereoscopic micrograph of each well or dish will be taken atx10 or maximum available m|
habbottom of plate or dish will be able to be observed in one photo.

”

bup

Froup

gure 11 — The measurement point of migration distance in stained area when many cell

bs, the wells

ugal tube at

ES.

agnification

7 Calculation

7.1

Mean and standard deviation

The mean migration distance and its standard deviation shall be calculated for each specimen group by

using Formula (1) and (2).

© ISO

2018 - All rights reserved
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Mean value

n
2.0

i=1
n

o=

Standard deviation

N |

ist

7.2 Relative mean and standard deviation by normalizatien

The mean

of the relatiye mean and standard deviation using Formula [3]@nd [4].

Relative me

O'R—O_A

Relative sta

Sp =0}

Relative dis

Gp £Sg=

where

- )
Zrm-_,;\z
VU
i=1

n-1
is the total number of test piece.

hn value

_OB

he maximum validated measured distance;

igration distance and its standard deviation calculated in 7.1 shall be used for calcul

hdard deviation

2
S S
«ll2a ] 4|28
Oa O

N [

:

fance and standard.deviation for reference sample can be calculated using Formula [5].

12

ic

CITC I C T T IO tOIICO TOT T CICT CIICo OO pPrey

is the mean distance for test sample;

is the relative distance;

is the standard deviation of the mean distance for reference sample;
is the standard deviation for the mean distance for test sample;

is the standard deviation for the relative distance.

ey

(2)

htion

(3)

(4)

6)
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Test report

The result of evaluation of cell migration in porous bioceramic scaffolds shall be reported in terms of
the following data:

a)
b)

f)

g)

h)

reference to this document, i.e. ISO 19090;

name, product number, lot number, main component, size, pore size, pore size distribution, pore
shape and porosity with their measurement methods, and manufacturer of the test specimen;

name and origin (distributor) of cell line used, the total monolayer cell number prigr to placing
¢eramics on the monolayer, cell counting method and percent cell confluency;

name, type, catalogue number, lot number of culture medium, serum and antibiotics (cqncentration
¢of serum and antibiotics in culture medium, if applicable);

name, catalogue number, lot number and manufacturer (or seller)_of culture platg, pipet tips,
pipettes, sterile filters, cell culture flasks, etc. for cell culture;

name, catalogue number, lot number and manufacturer (or’seller) of reference porous ceramics
gample;

flest results;
1) mean longest linear distance as a “cell migratidty distance” and its standard deviat{on.
2) stereoscopic microphotographs of cross séction and bottom side of specimen(s).

3) stereoscopic micrographs of Giemsa Stained cells on the well of 6-well plate prior to the
migration test.

4) stereoscopic micrographs of)Giemsa stained cells on the well of 6-well plate after the
migration test.

$) relative cell migrationdistance and its standard deviation normalized by reference yample data.

¢omments.

© ISO 2018 - All rights reserved 13
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Annex A
(informative)

Results of tests for determination of test conditions

A.1 General

As one of th
to bone tisj
performed in Japan revealed that “flatness” of the porous ceramics specimens is quitedmporta
cell transfer]

the ratio of
that can be

Japanese m{

no methods
as-cut speci

investigated
on the surfg
increasing @
increasing 9

In addition,

reflection of

This test wi

will be evalylated by other methods provided in the future.

A.2 Mate

A.2.1 invy
Materials fq
(university
those from i
influences o
specimens f
Materials us

14

e indices of “bone regeneration property,” cell migration ability, which is closely ke
ue ingrowth to scaffold biomaterials, will be evaluated in vitro. The preliminary

from cell layer on the culture dish to the specimen. The “flatness” can be-interpreted
'he total length of pore wall edges on the surface of the specimen contaétwith cell lay
pbbserved by naked-eye. It can be measured but control of the “flatness”is difficult. In|
inufacturers and researchers have tried to prepare “flat” surface-by“machining; how
were enough to control it. For instance, polished specimens showed worse results
[mens. Thus, methods to stabilize cell transfer from a culture(@ish to specimen had
. One is weight application with a SUS 316 stainless steel doUble ring and collagen co
ce of a culture dish. The weight application can increase deformation of cell layer to 3
ell-specimen contact. The collagen coating also increases deformation of cell layer thr
oftness of cell-coated collagen composite layer to allew increasing cell-specimen cof
results of in vitro test were compared with in /ivo bone formation test to evaluat
the in vitro test result to the bone formation.

1 not supply any information about osteoblastic activities or bone formation abilities. T

rials and method

jtro test

r test were provided by 4 Japanese manufacturers and 2 Japanese research insti
ind national institute:-Materials provided from manufacturers were clinically used one
stitutes were not'used clinically. This round robin test is mainly performed to confiry
the weight and)or collagen coating. In addition, we cannot be provided enough numb¢
Fom several providers, number of specimens for the test was reduced to 3 in each cond
ed for thefirst test are summarized in Table A.1.

lated
tests
1t for
that
er to
fact,
ever,
than
o be
ating
1 low
ough
itact.
b the

hose

futes
5 and
n the
br's of
tion.
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Table A.1 — Specimens for the first test

Composition Size Porosit Mean pore
Abbreviation p mm y diameter | Sterilization
and pore structure - - vol %
Diameter | Height pm
HAp
A (random, spherical) 73 170
A TCP Autoclave
B p+p- . 50 170
(random, spherical) 10
C o iomn snherical 78,5 2669 | . |
traRaei-SpReriea > Ethylene oxide
i as
E HAp/Col composite 95 140 g
(random)
G pTcP 5 75 120
(random, irregular)
A Autoclave
p
H (Unidirectional, oval) 10 75 50
HAp:|hydroxyapatite
TCP: ftricalcium phosphate
HAp/Col: hydroxyapatite/collagen
Table A.2 — Test conditions for the first test
. Conditions’l Conditions P
Institute Cells - :
Weight Collagen coat Weight Colllagen coat
NIMS MG63 Yes Yes No Yes
AIST MC3T3-E1 Yes No No No
U-Tokyo MG63 No Yes No No
NIMSY: National Institute of Material Sciences
AIST{Advanced Institute of Sciences and Fechnology
U-Tolyo: University of Tokyo
Cell lines used in the first testwere chosen from MG63 and MC3T3-E1. The weight was SUS 316 stainless
steel| double ring (10 mm-in diameter for A, B, C, E and H, and 5 mm in diameter for G,|diameter of
wire|construct ring was 0.8 mm in diameter,) that was preliminarily confirmed its non-gytotoxicity.
Collagen coating was performed by manufacturer’s instruction. The test conditions are gummarized
in Table A.2. Dué\to the limitation of the sample provided, 3 specimens were used for eagh condition,

bt for AIST\(n = 2 for condition 1 and n = 1 for condition 2).

in'vivo tests as a control of the test

3 aterts pta ot a1 ote 3 3 he specimen
diameter. Three-dimensional image was observed by in situ micro X-ray computer tomography at
0, 2 and 4 weeks after implantation. The images at 2 and 4 weeks post-implantation were compared
with that of at 0 weeks. X-ray denser and lighter regions were defined as newly formed bone and
resorbed regions respectively, and their volumes were calculated. Finally, subtraction of the lighter
from the denser region volumes was calculated to be a bone formation volume (index).

= ajaiatle—trraien
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Its

in vitro test

A.3.1.1 Effect of stabilization method on migration distance

The migration distances for each specimen tested in NIMS, ASIT and U-Tokyo are summarized in
Figures A.1 to A.3, respectively.

From one-way ANOVA statistical analysis, no significant differences were observed in the data from
the same institute. However, the application of stabilization methods (the weight application with

the stainles
migration d
and sample
contact. Cos
and the coll

A3.1.2 Mij

The differel
MC3T3-E1),
deviations

institute ca
were calculd

Tendency of
shortest mi
showed the
to other facf

5 steel double ring, NIMS and AIST, and the collagen coating, U Tokyo) showed bette
istance tendency than that of without stabilization methods except for sample & in

E in AIST. Therefore, both methods were effective to increase stability of céll-spec
t effectiveness and easy operability, the weight application is better for the prithary mq
hgen coating is the optional one.

gration distances among samples

1ces among institutes can be due to differences in cell lineages, cell types (MG63
lot of media (cell culture media, fetal bovine serum, antibodies and others) and
y operators as well as cell culture devices. Normalization by the same sample in
be useful to ignore these differences. Therefore, normalized values by A in each inst
ited as shown in Figure A.4.

maximum migration distance is very similar anfong the institutes, B demonstrate

r cell
NIMS
imen
thod

and
ther
each
itute

1l the

pration distance; A, C, E and G indicated similar‘and moderate migration distances; and H

longest migration distance. In addition, cell-types did not affect the results in compa
ors.

Y
1400
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400

rison

200

Key

data

data

Rl

specimen abbreviation
migration distance of cells, in micrometre

from specimen with weight application and collagen coating

from specimen with collagen coating

Figure A.1 — Maximum cell migration distances for each specimen in NIMS
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600 H
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Key
X specimen abbreviation

Y migration distance of cells, in micrometre
data from specimen with weight application

data from specimen without additional treatments

| Hl

Figure A.2 — Maximum cell migration distances for each specimen in AIST
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600CF ]
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X specimen abbreviation

Y migration distance of cells, in micrometre
data from specimen with collagen coating

Nl

data from specimen without additional treatments

Figure A.3 — Maximum cell migration distances for each specimen in U-Tokyo
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iy
0,5 [ x y y y y
0
A B C E G H.&X
Key
X specjmen abbreviation
Y maximum migration distance value of cells, normalized by distance of A

D datalobtained by NIMS with weight application and collagen coating
. datafobtained by AIST with weight application
(/] datafobtained by U-Tokyo with collagen coating

Figure A.## — Maximum cell migration distances normalized by A for each specimen in three
different institutes

A.3.1.3 Stereoscopic microphotogrdphs of bottom side and cross section of specimen

Bottom (cel] contact side) and cross’section photos of samples stained are shown in Figure A.§ and
Figure A.6, respectively. Specimen’E showed higher background than other specimens due to collagen
contained ip the materialsEven though, the measurement was as easy as the other ones at 10x
magnificati¢n.
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With
weight

Without
weight
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Figure A.5 — Bottom side of specimens with or without weight
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With
weight

Withoulr
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Bar=3mm

Figure A.6 — Cross section of specimens with or without weight
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A.3.2 Results of in vivo test as a control of first test

A.3.2.1 Micro X-ray computer tomographs

Micro X-ray computer tomographs are summarized in Figure A.7. Image for A and B seemed to
be a typical bone formation in the random pored bioactive and non-bioresorbable ceramics. For
bioresorbable ceramic materials, images for C, a-TCP showed material resorption in early (2W) stage
then large amount of bone formation were observed at later (4W) stage. Contrarily, images for G, 3-TCP,
seemed to be resorbed continuously in comparison to C, and increase of bone mass seemed smaller
than C, even clinical results of C are considered to be the same as the porous HAp materials. Images for
E, HAp/Col nanocomposite material had less X-ray absorption properties due to high porosity and the
presence of collagen.
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A
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ima ge

Histology =~ — <= Histology
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Histology

Differential

image

Histology Histology

Figure A.7 — Micro X-ray computer tomographs, their differential images and histological

sections of specimens tested

Accordingly, threshold for ceramics materials did not suit for E and less bone formation was observed
at 2 weeks after implantation; however, large amount of bone formation was observed at 4 weeks due
to its high osteoconductivity, which has already confirmed by animal [1] and clinical tests. [2] Images

24
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for H, unidirectional porous HAp, seemed lower new bone mass in comparison to A. The reason was
that cells needed detour to migrate into H’s pore because its pore direction is completely perpendicular
to cell source area, bone edges. In other animal experiments, H with preferable direction, pores were
parallel to the cell source area, showed better cell and bone tissue migrations than randomly pored
HAp. Comparison between cell migration distance in vitro and bone formation index at 4W are shown
in Figure A.8. For the reasons mentioned above, sample G, bioresorbable 3-TCP ceramics with random
and irregular pores, and H, unidirectional porous HAp, did not show good relation between in vitro
migration distance and bone formation index. These results suggested that materials having unusual
porous structure, such as unidirectional one that has unique orientation for cell and tissue migration,
need careful treatment of implantation for optimal cell and tissue migration. In addition, bioresorption
is sometimes a negative factor to examine bone formation with a micro X-ray computer tomography,

becajise X-ray opaqueness decreases with time by materials resorption.
Y
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Key
X  rhaximum migration distance of cells normalized by distance of A
Y Bone formation index
NOTH Specimens-are shown as abbreviation (see Table A.1).
Figire A.8 <Averaged and normalized maximum migration distance vs bone formgtion index
at 4 weeks after operation
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Annex B

(informative)

Results of international round robin test

B.1 General

This annex j

B.2 Materials and method

Materials fq
(university
and those f7
Table B.1. Fi

brovides results of the international round robin test.

Table B.1 — Specimens for the firsttest

r test were provided by 4 Japanese manufacturers and 2 Japanese'resSearch instifutes
hnd national institute. Materials provided from manufacturers wete)clinically used|ones
om institutes were not used clinically. Materials used for the first®est are summarized in
Ve specimens were used for each test.

iti Size (mm i i
Abbreviatibn Composition : (mm) : Porosity Pore size Sterilizatlion
and pore structure Diameter | Height vol % pum
A HAp
(random, spherical) 73 170
B HAp+(-TCP Autoclaye
p+p-
(random, spherical) >0 170
¢ a-TCP . 78,5 266,9 ,
(random, spherical) 10 2 Ethylene okide
i as
E HAp/Col composite 95 140 g
(random, spherical)
G pTCP 75 120
(random, irregulap)
" HA Autoclaye
p
(unidirectionat;oval) 75 50
Participant finstitutes wete, NIMS, AIST, U-Tokyo (UT), in Japan, University of Cambridge in UK |(UK)

and Univers|

Cell lines u§
only used in

ity of Gothenburg in Sweden (SWE).

ed in\the second test were chosen from MG63 and MC3T3-E1. The MC3T3-E1 cell linqg was
AIST. Weight was SUS 316 stainless steel double ring (10 mm in diameter and diameter of

wire constr

B.3 Results of round robin Test

B.3.1 Migration distance

£ No H P H o) b o4 rall H 321l £3in A 34 ot 1oid
GCTTTITS v a S~ O 0 T T UTaTITCTeT aracvw aS preTrar ity COmTr e a TS TIoIT 1y LULUAlblLy.

The round robin test was performed internationally by six different institutes with application of SUS-
316 double ring weight. The migration distances for each specimen are summarized in Figure B.1.
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