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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

elect

The

desc
diffe
editd

rotechnical standardization.

proceattres—HSea—to—aeverop—ta e meht3a Teefdea—ror— trther—+aathatenance are
ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria negded for the
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Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
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it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about 1SO’s adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html

document was prepared by Technical Comntittee ISO/TC 150, Implants for surgery, Subcommittee
Osteosynthesis and spinal devices.
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This document details requirements for a set of mechanical test methods to evaluate material used as
a cortical bone model. Bone models have long been used in mechanical tests for devices or instruments
such as those used in the orthopaedic surgery. The characteristics of the bone model, especially those of
a cortical bone model, strongly influence the test results. Many devices and instruments are evaluated
using bone models.

Newer bone models are needed because conventional bone model properties change the primary
outcome of interest such as failure mode. This results in devices not being evaluated correctly. Animal
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roduce large errors (standard deviation). Recently, several new bone models have
ind standardized methods for evaluating these materials are required.

ent introduces applicable standardized mechanical test methods for characterizin

gth and compressive strength have been measured for some time, and several models
ed based on the results. However, these fundamental mechanical properties do not st}
he tactile feedback experienced by physicians. Material models have differences in te

and shear strengths properties since they do not reproducé, the complex anisot
ire. For example, a material can be an excellent bone model’based on tensile strength
cant differences in compressive and shear strengths. Therefore, the model needs {

| properties are related in practical uses. Then, it is*also necessary to perform pra
bone model using devices and to show relationships of mechanical characteristics bet}
nental tests and from practical tests.

ent shows the relations and covers test methods for fundamental and practical tests

The mechanical properties under practical tests can also be useful to produce mods
lectures of new devices, informed consent for patients and performances of pre-oper
lanning.
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Implants for surgery — Test methods of material for use as
a cortical bone model

1 Scope

This document specifies mechanical test methods for characterizing cortical bone model materials for
use s stamdard modet for performming mectarmnicat tests fordevices orinstrumernts used imorthopaedic
surgery, plastic surgery, neurosurgery, and oral and maxillofacial surgery.

The fdocument specifies static mechanical test and properties. Dynamic and visceelasticf/poroelastic
testsland properties are not included in the scope of this document.

2 Normative references

The following documents are referred to in the text in such a waykthat some or all of their content
constitute requirements of this document. For dated references, 'only the edition cited [applies. For
unddted references, the latest edition of the referenced document(including any amendments) applies.

ISO 179 (all parts), Plastics — Determination of Charpy impact properties

ISO 180, Plastics — Determination of Izod impact strength

[SO 491, Plastics — Standard atmospheres for conditioning and testing

ISO 327 (all parts), Plastics — Determination of-tensile properties

ISO §04, Plastics — Determination of compiessive properties

ISO 4039-2, Plastics — Determination.of hardness — Part 2: Rockwell hardness
ISO 4602, Statistical interpretation of test results — Estimation of the mean — Confidence intprval

ISO 1500-1, Metallic materials*— Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing/machine — Calibration and verification of the force-measuring system

ISO 18397, Dentistry~=~)Powered scaler
ASTM D256, Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics

ASTM D638;-Standard Test Method for Tensile Properties of Plastics

ASTM®D695, Standard Test Method for Compressive Properties of Rigid Plastics

ASTM F543-07, Standard Specification and Test Methods for Metallic Medical Bone Screws

JIST 5750, Dentistry — Dental Handpieces — Ultrasonic Instruments And Tips For Multi-purpose Treatment

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

— IEC Electropedia: available at http://www.electropedia.org/

— SO Online browsing platform: available at http://www.iso.org/obp

© IS0 2017 - All rights reserved 1
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cortical bone model
material with the mechanical characteristics of cortical bone for performing mechanical tests for
devices or instruments used in orthopaedic surgery, plastic surgery, neurosurgery, and oral and
maxillofacial surgery

4 Selection of test method

4.1 General

Mechanical
compressivg
strength, st

Annex A prg

test methods to evaluate cortical bone model materials are selected from test
strength, tensile strength, shear strength, hardness, Charpy and Izod impact,*pu
‘engths using ultrasonic or acoustic methods and drilling.

vides rationale on the relation of the test methods in this document to the properties

will affect the mechanical properties cortical bone model materials.

4.2 Fund

Shear stren
using conve
tensile strel
Tensile Stre
behaves mo

amental tests

bth, compressive strength, hardness tests, and Charpy and Jzéd impact can be perfo
htional ISO or ASTM methods, as described in Clauses 5 to 8-In the case of ductile mate|

ngth (DTS) test (Clause 10) is useful in the case of ajcortical bone because cortical
Fe like a brittle material than a ductile material.

4.3 Practical tests

Pull-out str
using test m

5 Compa

The compre

6 Tensil

The tensile ¢

ength and strengths using ultrasonic or acoustic methods and drilling shall be perfo
ethods described in Clause 9 and Clausé.12.

ressive test

ksive test is performed asspecified in ISO 604 or ASTM D695.

P test

est is performedds specified in [ISO 527 or ASTM D638.

7 Hardness test

The hardnef

s test'is performed as specified in ISO 2039-2.

5 for
l-out

that

'med
rials,

1gth measurements can be performed using ISO 527 (Clause 6). However, the Diametral

bone

‘med

8 Charpy and Izod impact tests

The Charpy impact test is performed as specified in ISO 179, and the Izod impact test is performed as

specified in

ISO 180 or ASTM D256.

9 Torque and axial pull-out test

The test for bone screw torque and determination of axial pull-out strength of a bone screw is performed

as specified

in ASTM F543-07.

10 Diametral Tensile Strength (DTS) test

© ISO 2017 - All rights reserved
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NOTE The Diametral tensile strength (DTS) is also called Brazilian test, Splitting Tensile Strength or
Diametral compression of a disc, originally established for testing of concrete, according to the ISO 1920 series.

10.1 Materials and apparatus

10.1.1 Compression testing machine

The compression testing machine, calibrated according to ISO 7500-1, shall be capable of applying and
recording an axial compressive force to the head/neck assembly, with an accuracy of 1 %.

The test machine shall be capable of maintaining a test speed of (0,5 + 0,1) mm/min.

The lest machine load indicator shall incorporate a mechanism capable of showing the total gompressive
forcd sustained by the test specimen.

10.1{2 Compression tool

Hardened-steel compression plates for applying the deformation load to the test specimen constructed
so that the load sustained by the test specimen is axial to within 1:1 008“and is transmitted through
polished surfaces which are flat to within 0,025 mm parallel to each“6ther and perpendicular to the
loading axis.

10.1}3 Measuring instrument

The @imensions and shape of the anvils shall be suitable‘for the specimens being tested and shall not
exert a force on the test specimen such as to detectably@lter the dimension being measured.

A mitrometer, or other appropriate instrument, capable of reading to 0,01 mm or better shall be used to
meagure the axial length and the diameter.

The flimensions and shape of the anvils shall be suitable for the specimens being tested and shall not
exerf a force on the test specimen such-asto detectably alter the dimension being measured.

10.2 Test specimen

10.2{1 Shape and dimensiors
The test specimen shall'he in the shape of a cylinder.
The preferred diménsions for test specimens are 12 mm in axial length and 6 mm in diameter.

NOTH These,'dimensions were selected as the preferred dimensions because of the typical| geometry of
corti¢al bones:

The axialNength of the test specimen shall be at least twice the diameter of the test specijnen to meet
the agcumptinnc ofthe DTS test method

10.2.2 Specimen inspection

The test specimens shall be checked for conformity with these requirements by visual observation
against straight edges, circles and flat plates and by measuring with micrometer callipers.

Test specimens showing measurable or observable departure from one or more of these requirements
in 10.2.1 shall be rejected or machined to proper size and shape before testing.

© IS0 2017 - All rights reserved 3
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10.3 Anisotropic materials

In the case of anisotropic materials, the test specimens shall be chosen so that the compressive stress
will be applied in the test procedure in the same or a similar direction to that experienced by the

products du

ring service in the intended application, if known.

The relationship between the dimensions of the test specimen and the size of the product will determine
the possibility of using preferred test specimens.

10.4 Number of test specimens

Test at least]

Test at leas
sample in th

10 specimens 1or each sample 1n the case of 1sotropic materials.

10 specimens, 10 normal to and 10 parallel to the principal axis of anisotropy,)for
e case of anisotropic materials.

Test specimlens that break at some obvious flaw shall be discarded and replacement specimens

be tested.

10.5 Test procedure

10.5.1 Test

10.5.1.1 Di

Measure thd
the mean v4

Measure thq

10.5.1.2 Cgc

Test specim

10.5.2 Tes{

Perform thq
atmosphere

10.5.3 Setuyp

Place the td
centrelines

[ specimen

mension measurement

axial length and diameter of each test specimencat'three points and calculate and reg
lue of the cross-sectional area.

axial length and the diameter of each test'specimen to 1 % accuracy.
nditioning
bn shall be conditioned in standard atmospheres specified in ISO 291 before testing.

[ atmosphere

e test in one of the standard atmospheres specified in ISO 291, preferably the
as used for condjtioning.

pf thereompression plate surfaces.

each

shall

ister

baime

st specimen between the surfaces of the compression plates in Figure 1 and align the
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W

sI_

—>
6
Test specimen
Key
1 diameter
2 lpad cell
3 dompression plate
4  dpecimen
5 diameter (D) [6 mm]
6  gxiallength (L) [12 mm)]

Figure 1 — Test specimen setup

10.4 Preload

The test specimen shall-net be loaded substantially prior to the test. Such loads might be necessary,
howgver, to avoid a curved region at the start of the stress/strain diagram.

10.7 Recording'of data

Determine the force (stress) and the corresponding compression (strain) of the test specjmen during
the test£It(is preferable to use an automatic recording system which yields a complete stress/strain
curve for this operation.

10.8 Calculation and expression of results

10.8.1 DTS
The DTS of the specimen shall be calculated using Formula (1):

DTS = 2 (@8]
wDL

© IS0 2017 - All rights reserved 5


https://standardsiso.com/api/?name=4ac028e6e5f54269144bf1b5b5fffb86

IS0 19213:2017(E)

where
DTS is
P is
D is
L is

the diametral tensile strength of the specimen, expressed in pascals (Pa);
the maximum applied force, expressed in Newton (N);
the diameter of the test specimen, expressed in meters (m);

the axial length of the test specimen, expressed in meters (m).

Report the d

10.8.2 Str3

Calculate thg strain parameters using Formula (2):

AD
£ =—
D
where
€ i
AD S
1]
D i9
10.8.3 May

alculated DTS.

in (as measured by extensometry)

(2)

the strain parameter, expressed as a dimensionless ratio\or as a percentage;

the decrease in the test specimen diameter between'the gauge marks, expressed in
illimetres;

the vertical diameter of the test specimen; expressed in millimetres.

fimum strain

The maximym strain is the strain of the maximum force. Report the maximum strain and observe the

failure posit

10.8.4 Stat

Calculate th
95 % confid

10.8.5 Tes}
The test rep|
a) all detd

ion.

istical parameters

e arithmetic mean pfledch set of ten test results and, if required, the standard deviationp and
ence interval of the mean value by the procedure given in ISO 2602.

[ report

ort shallinclude the following information:

ils' necessary for complete identification of the material tested, including type, source,

manufa

ctutrer’s code number and historv where these are known:
T U

b) a description of the nature and form of the material under test, i.e. whether it is a product, semi-
finished product, test plate or specimen, and including principal dimensions, shape, method of
manufacture, order of layers, preliminary treatment, etc;

c) the test specimen diameter and axial length, giving the mean, minimum and maximum values, if
applicable;

d) details of the method used to prepare the test specimens;

e) if the material is in the form of a finished or semi-finished product, the orientation of the test
specimen in relation to the finished or semi-finished product from which it was cut;

f) the number of specimens tested;

© ISO 2017 - All rights reserved
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g) the atmosphere used for conditioning and for testing, plus any special conditioning treatment
carried out if required by the International Standard for the material or product;

h) the accuracy grading of the test machine (see ISO 5893);
i) the type of extensometer used;
j) the type of compression tool used;

k) the individual test results determined for the properties (DTS and maximum strain) and
observation of failure point;

1) the mean value of each of the properties measured, quoted as the indicative valje(s) for the
aterial tested;

m) the standard deviation and/or coefficient of variation and/or confidence limits ofthe njean;
n) hether any test specimens were rejected and replaced and, if so, the reasons;

o) the date of the test.

11 Test method using ultrasonic bone cutting device (0r ultrasonic surgical unit,
instrument with an oscillating scalar tip) for cutting' model

11.1] Test method references

The test method is specified with references to ISO 18397 or JIS T 5750.

11.2 Cutting under a constant feed rate orunder a constant load

In case of cutting under a constant feed rateor under a constant load, either the depth of|cutting in a
unit pf time or the cutting volume is specified as measurement value using ultrasonic cutting device.

11.3 Key terms

11.3{1 Cutting depth

The ¢utting depth is defibed as the distance between the surface of the bone model and th¢ edge in the
bonel model.

The easurementis performed using a scalar or displacement gauge.

11.3{2 Cutting volume

The cufting volume is a weight difference before and after cutting. The measurement pf weight is
performed using a weight scale (electric balance).

11.4 Burning

In case of cutting under a constant feed rate or under a constant load, the burning of the model or the
tip surface should be avoided.

11.5 Bounce-off

In case of cutting under a constant load, bounce-off should be avoided.

© IS0 2017 - All rights reserved 7
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11.6 Tip angle

The tip angle to the surface of model is set at the angle with maximum cutting volume.

12 Test method using a bone drill

12.1 Drilling test

The drilling test provides data on torque, thrust forces, or feed rate using a drill into a bone model with
measurement of feed rate.

The drilling|test is performed with either a constant feed rate or under a constant load.

12.2 Positjon of drill to bone model surface

The drill stands normal to the surface of model.

12.3 Test report

The test replort shall include the following information:

a) testmethod, especially “under a constant feed rate” or “under a epnstant load”,

b) model sjze and the drill size;

c) the geometry of drill, especially thread, edge, any otherxelated to the characterization of drill
d) the spindle speed;

e) the feed rate if it is performed under a constant feed rate or the load if it is performed ungler a
constant load;

f) the nanje of the cooling medium, the volume per time, and how the cooling medium was introduced
to the drrill and bone model if a cooling system using a medium such as liquid or air was employed
during the drilling test;

g) the estimated effect of the cooling system on the drilling test;
h) if punching is performed,the process of punching;

i) charactprization of the.shape of pieces (chips) produced by drilling (e.g. flow type, crack type, letc.).

The final report shall include the following information:

13 Final lleport

a) the procedure for selection of the methods;

b) the report for each method selected.

8 © IS0 2017 - All rights reserved
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Annex A
(informative)

Rationale

A.1 Purpose

With| the establishment of this document, comparisons of bone models with many rkin

matgrials can be performed. It is important to share the characteristics of bone models to tl

the sharing will promote the development of the devices or the instruments.

Mechanical properties of a cortical bone model is also necessary to be specified for training

for use of medical devices or instruments, informed consent for patient, performing pre-
surgery and surgical planning.

Prevjous references have taken compressive test, shear test and pull~out tests. Then in thi

two fypes of mechanical test are categorized. One is a fundamental test such as the uniaxial

The fundamental test is performed with a test machine based-6n)ISO 5893. This test is usu

Lls and new
he users and

and lecture
bperation of

s document,
tensile test.
hlly used for

deteymining modulus such as Young’s modulus or compression modulus. The other is a practical test

using devices or instruments. This test is used for measurement of forces under similar s

thos¢ experienced by medical operators as measurement of tactile feedback, i.e. sensory
the dperator. This document covers both test methods,

Tabld
meck
devi

lanical properties that will affect the properties of a bone model in case of evaluatio
es.

A.2 | Comparison of mechanical properties of a bone model

A.2.1 Sample designation

In on
corti
and ]

der to check the coniparison of mechanical properties of a bone model, three tests u
cal bone models including porcine bone were performed. Samples designated 1 is p|
P, 3 and 4 are cominercially available cortical bone models. Three samples were used f

A

A.2.2 Drillingtest (Clause 12)

The ¢
for

bxperimental setup included a milling machine (VHR-SD, Shizuoka Machine Co., Ltd)
eaSurement and recording of the thrust force with a dynamometer (Kistler, 9257B,

ituations to
feedback to

A.1 shows the relation of the test method to the mechanical properties. Table A.2 shiows a list of

h of medical

sing several
orcine bone
br each test.

d a system

n
%@ISTLER Co.,
Ltd),[acharge amplifier, and a computer. An implant drill (Twist drill, Novel Biocare Japan (o., Ltd) with

2,0 mm diameter was used for this drilling test. The drilling was conducted under a spin
560 r/min and a feed rate of 0,035 mm/rev. The specimens were cut to a 20,0 x 20,0 x 20
shape from the samples. A thrust force against the depth was recorded.

dle speed of
,0 mm cubic

Figure A.1 shows the relationship between insertion depth and thrust force during drilling at

0,035 mm/rev. The average and the standard deviation of the samples were calculated.

A.2.3 Compressive test

The compression force was measured using a universal machine (AG-X, SHIMADZU CORPO

RATION Co,,

Ltd) ata crosshead speed of 0,5 mm/min (see Clause 4). The specimens were manufactured with 6,0 mm
diameter and 12,0 mm height from the samples. The compressive stress against the compression strain

was recorded. Figure A.2 shows the compressive strengths of the samples.
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