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INTERNATIONAL STANDARD

1SO 9585:1990(E)

Implants for surgery — Determination of bending strength and

stiffness of bone plates

1 Scope

This International Standard describes a test method
for determining the bending strength and stiffness
of straight bone plates. It may also be used to test
plates having a small initial curvature intended to
produce pre-loading of the bone when fitted and to
test the straight portion of angled plates. This test
method is not recommended for plates of length less
than 50 mm nor for plates designed to be used with,
or forming parts of, intramedullary devices.

NOTE 1 A test method for plates of length less than
50 mm is in preparation.

2 Definitions

For the purposes of this International, Standard, the
following definitions apply.

21 moment: Turning effect of aforce about an axis,
expressed numerically by the product of the force F
and the distance 4 meagured perpendicularly from
the axis to the line of actienh of the force.

Unit: N-m
2.2 bending/moment, 1/, : Moment acting about an

axis perpendicular to the long axis of a body and
generally \producing lateral deflection.

Unit; N'm

23 deflection: Linear displacement due to bending

2.5 equivalent bending’ stiffness: Stiffness of [the
plate calculated from \the dimensions of the jest
configuration and the slope S of the linear part of|the
load/deflection diagram defined by the mechanjcal
test.

Unit: N-m?

NOTEQ “\"This equivalent bending stiffness takes accunt
of théholes or slots in the plate.

3 Apparatus

3.1 Test rig, to produce a loading system in |ac-
cordance with figure 1, the four rollers (indicated by
hatched circles) being so constrained that their axes
remain parallel.

3.2 Rollers, of cylindrical form and of equal digm-
eters within the range of 8 mm to 13 mm, or of [tro-
filed form corresponding to the cross-section of|the
plate to be tested, and having a mean diamg¢ter
within the range 8 mm to 13 mm. It is desirable {hat
one of the rollers be secured to the specimen to|re-
strain longitudinal movement and that all rollers Jare
secured to maintain their relative position.

3.3 Means of applying forces, e.g. a mechanjcal
testing machine.

3.4 Device(s), for measurement of relajive

disptacement(s).

4 Procedure

measured perpendicular to the original axis of the
plate.

Unit: m
2.4 bending strength: Value of the bending moment

at fracture, or at a specified proof point, whichever
is the lower.

Unit: N-m

4.1 General

Conduct bending tests using the apparatus specified
in clause 3. Use the cylindrical rollers to test flat
plates and plates of curved cross-section, in which
the deviation from flatness at the centre of the plate
does not exceed b6, where b is the width of the
plate. Test other plates using rollers of suitable
profile.
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Figure 1 — General arrangement of four-point bend’ test
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4.2 Placement of test specimen

Place the test specimen in the test rig and position
it in accordance with the following:

a) Place the plate so that the inner rollers are in
contact with the surface of the plate intended to

k. HY nioct uith hana
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ISO 9585:1990(E)

F to a base of deflection § until the value of F is ob-
tained at which either the plate fractures, FF'= ' 'max.
¢ or the plate deflects so that the load deflection
graph shows appreciable yield (I'= P) as shown in
figure 2.

4.4 Use of specimens

b) If the plate is symmetrical, place it symmetrically
with the two innermost screw holes between the
inner rollers.

c) If the plate has a central screw hole, place it with
the central screw hole and one other screw hole
symmetrically between the inner rollers.

d) If the plate is asymmetrical, place it with two
screw holes between the inner rollers so that the
position of the fracture for which it is intended to
be used shall be between the inner rollers.

e) Position the outer rollers at equal distances of A
metres from the inner rollers as shown in
figure 1, so that one hole only is in the length
between the inner and outer rollers.

f) Ensure that the inner rollers are not in contact
with parts of the plate where there is a screw
hole. Wherever possible, the outer rollers should
not be in contact with parts of the plate which
include a screw hole.

g) Measure the distance k, in metres, between the
inner rollers.

h) Align the axis of the test specinten to be per-
pendicular to the axes of the rollers.

i) Install the device(s) to measure the deflection, in
metres, of the plate relative to the initial position
of the outer roller s@pports. The deflection may
be measured:

1) on a line midway between the central rollers
(84), or

2) atne of the central rollers (4,), or
3)—at each of the central rollers (6, and d3).

If the location of the holes in the plate is not

Test each specimen once only and then discardyit.

5 Calculation of results

5.1 Mean deflection

If deflections 89 and 85 are measured as described
in 4.2 i) 3), calculate the 'mé&an deflection at dach
stage of the test:

54 =05(5, + )

Draw a graph of force F to a base of deflection ¢4.

5.2 Equivalent bending stiffness

Draw.thé best straight line through the initial (lingar)
part(of the load deflection diagram as shown in| fig-
dre 2, where this line has a slope S as shown in| fig-
ure 2.

If the deflection has been measured as specifie[d in
4.2 i) 1), calculate the equivalent bending stiffness,
E, from the expression:

(4h° 4 12hk + k*)Sh

K >4 )]
where
h is the distance between inner and outer

rollers, in metres;

k is the distance between inner rollers, in
metres;
S is the slope of the load/deflection cyrve,

in newton metres.

If the deflection has been measured as specifidd in
4.21) 2) or 4.2 i) 3), calculate the equivalent benfing
stiffness, £, by the expression:

(2h + 3/()5‘112
E = _—T—*" B I (2)

uuuuuuu

recommended.

4.3 Applying force /"

Apply a force I at the central loading line indicated
and measure the corresponding deflections. Gradu-
ally increase the value of I noting the corresponding
deflections at each interval, and drawing a graph of

where A, k and S are as above.

5.3 Bending strength

On the graph of load against deflection, draw a
straight line parallel to the linear part of the graph,
offset by an amount ¢ metres as shown in figure 2.
The intersection of this line with the curve is the
proof point, and this defines the proof load P.
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Calculate g from the expression:
q=0,02(2h + k)

NOTE 3

This expression uses an equivalent proof load,

equal to §,8 times the maximum ioad.

Calculate the bending strength, in newton metres, 6 Test report
from the expression: . )
. _ The test report shall include the following infor-
Bending strength = 0,5Ph mation:
whete a) the bending strength, in newton metres:
'3 is the proof load in newtons; , .
P b) the offset g, in metres, used to determine the
d is the distance between inner and outer proof point;
rollers, in metres. :
c) the equivalent bending stiffness, in\newton me-
If fracture of the plate occurs before the tres squared, calculated from equation 1 or 2 as
loadfdeflection curve intersects the offset line, cal- appropriate;
culaje the bending strength, in newton metres, from
the ¢xpression: d) if the plate fractures befare the proof deflection
Bending strength =0.4F,__ x h is attained, this shall bewetorded,;
) max
whete e) the identity of the plate, e.g. type, length in milli-
metres, manufaeturer’s catalogue number and
[".x IS the maximum load, in newtons; batch number \as“supplied by the party request-
ing the test.
h is the distance between inner and outer

rollers, in metres.
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