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BIOLOX delta is a zirconia-toughened, platelet-
reinforced alumina ceramic (ZPTA), designed

to incorporate the wear properties and stability
of alumina with vastly improved material
strength and toughness. BIOLOX delta contains
approximately 74 percent alumina and 25 percent
zirconia. Additives of chromium dioxide and
strontium oxide enhance the performance of

the material.

The alumina material provides BIOLOX delta with
high hardness, excellent biocompatibility and
hydrothermal stability. Yttria-stabilized zirconia
particles (Y-TZP) are finely dispersed throughout
the alumina matrix, increasing mechanical
strength and fracture toughness over pure
alumina. In zirconia-toughened alumina (ZTA)
materials, some of the original hardness of the
alumina material is lost. The addition of chromium
oxide restores the desired material hardness to
the matrix. Finally, strontium oxide (SrO) added
to the material forms strontium aluminate
(SrAlL2019) platelets during the sintering process.
These platelets prevent microcracks in the
material from advancing by dissipating crack
energy. The result is a further increase in material
strength and strength distribution, as well as

an increase in fracture toughness.? The final
product is a high-strength material with high
hardness and high toughness, a material

perfectly suited for applications in THA.
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MATERIAL PROPERTIES OF CERAMICS o ()

Important characteristics of successful
orthopaedic implants include good mechanical
performance, reliability and wear resistance.
These characteristics translate into the
engineering material properties of strength,

fracture toughness, hardness and stability.

e Strength refers to a material’s ability
to withstand applied loads.

e Fracture toughness is a measure of a
material’s resistance to crack propagation
under stress.

e Stability

Chemical stability indicates a material’s
resistance to microstructural changes
during the service life of the implant.

Hydrothermal stability indicates a
material’s resistance to change when
exposed to elevated temperatures
and humidity.

e Hardness is the resistance of a material
to deformation and relates to a material’s
wear resistance.

The material properties listed above are
controlled in ceramics by managing material

composition, density, porosity and grain size.
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The strength of a ceramic is controlled in part by
the grain size and sintered density of the material.
A reduction in grain size contributes to an increase
in strength.® Advances in the manufacturing of
alumina ceramics have decreased the grain size
considerably over early generation alumina
materials. These advances have also increased
density by reducing porosity of the material.
BIOLOX delta takes advantage of these manu-
facturing advances (improved raw material, HIPing,
tempering) and offers an alumina matrix with a
grain size of less than 1.5 um. The zirconia particles

in the matrix have a grain size of 0.2 — 0.6 um.

One measure used to test the strength of a
ceramic femoral head is a burst test, which
measures the load required to fracture a ceramic
head assembled on a stem taper. Due to their
unique material composition, BIOLOX delta femoral
heads exhibit substantially improved burst strength
compared to early generation alumina ceramic
heads (SEE CHART). The improved strength and
strength distribution of BIOLOX delta allow a

greater factor of component safety.
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Ceramic materials have low fracture toughness
and are considered brittle materials. As such,
they are more likely to break rather than deform
under load. Metal and ceramic implants exhibit
scratches and microcracks as a result of polishing
and finishing. Maximizing fracture toughness
reduces the opportunity for these scratches and
microcracks to propagate, potentially resulting
in component failure. The addition of zirconia
particles and strontium oxide to the alumina matrix
provides this increase in fracture toughness to
BIOLOX delta.®

This increase in fracture toughness for the BIOLOX
delta material over pure alumina is demonstrated
in both the burst strength and flexural strength
(SEE CHARTS).
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FRACTURE TOUGHNESS

BIOLOX forte BIOLOX delta

BIOLOX DELTA PARTICLE

REINFORCEMENT MECHANISM
i FOR INCREASED FRACTURE
TOUGHNESS

In the event that a microcrack advances
through the material, the crack energy
is dissipated by large grains (mixed
oxide platelets).
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Reliability is the extent to which a product yields
the same result on repeated uses; it is a measure
of the predictability of a product’s performance.
Two key factors for the long term in vivo

performance of ceramic implants are chemical

MATERIAL STABILITY

and hydrothermal stability.

100 CHEMICAL STABILITY
Oxide ceramics (alumina and zirconia) are well
= 80"\‘: -
= L 2 L 2 5 s s . .
= known and accepted in biomedical applications
5 60 : : : .
s with respect to their chemical stability and
&» 40 . _ . .
3 biocompatibility. These ceramics exhibit excellent
5 A— Autoclaved ballheads . . . . i
() 29 —e— Control specimen corrosion resistance in vivo. In addition, the
—— 95% Confidence interval
0 biocompatibility of oxide ceramic bulk materials
0 5 10 15 20
Time of Sterilization [h] and particulate debris has been proven through

years of clinical use.

HYDROTHERMAL STABILITY

BIOLOX delta (a zirconia-toughened, platelet-
reinforced alumina ceramic) is based on an alumina
matrix. Microstructurally, medical grade alumina
is a single-phase material and therefore offers

excellent phase stability.

In contrast, zirconia ceramic is a complex, multi-
phase material. One benefit of this material, if
manufactured appropriately, is increased fracture
toughness through a process called “transformation
toughening.” If a microcrack in the material reaches
a tetragonal phase particle, a phase transformation
changes the zirconia particle from a tetragonal to
a monoclinic state, where the particle increases in
volume approximately 3 to 4 percent. The resulting

increase in volume can close the microcrack, making
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the material more fracture resistant. This controlled
process is used in many mechanical applications

of high-strength ceramics.

Under some hydrothermal conditions (elevated heat
and humidity), such as those encountered in an
autoclave, an uncontrolled phase transformation of
zirconia ceramics can occur. An uncontrolled phase
transformation affects multiple particles simulta-
neously, creating internal strains and reducing
material strength.* The addition of yttria to zirconia
as a stabilizing agent is a well-accepted practice

used to prevent an uncontrolled transformation.

The fracture toughness of BIOLOX delta is attained
through a fine distribution of yttria stabilized zirconia
particles in an alumina matrix. The distribution of the
zirconia particles allows the benefits of transfor-
mation toughening to close microcracks, but
because the zirconia particles do not share grain
boundaries with each other a chain effect of
transformation is prevented. Compressive forces
within the alumina matrix prevent an uncontrolled
phase transformation of the zirconia particles in
the absence of a microcrack because there is no

room for volume expansion.

BIOLOX delta benefits from the improved
strength of transformation toughening, while
maintaining hydrothermal stability. Multiple cycles
in an autoclave show no degradation in the
mechanical strength of the material, as compared
to a non-sterile control (SEE GRAPH).
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BIOLOX DELTA TRANSFORMATION

TOUGHENING MECHANISM
FOR INCREASED FRACTURE
TOUGHNESS

A metastable zirconia particle
maintains its tetragonal phase due
to compressive forces within the
surrounding alumina matrix.
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If the leading edge of a microcrack
encounters a tetragonal zirconia particle,
the crack energy causes a phase
transformation, increasing the particle
volume and closing the crack tip.
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In order to minimize wear at the articular surface

of a total hip replacement, it is essential to use
femoral heads with a smooth surface finish. An

exceptionally smooth surface can be achieved

with high hardness materials such as BIOLOX

delta through precise polishing processes. The

HV

oo BIOLOX delta ceramic offers an extreme material
:zgg ] hardness of about 2000 HV, nearly as hard as

1400 — diamond (SEE CHART).2®
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Stainless  Titanium CoCr Zirconia  BIOLOX
Steel Alloy delta

reduction benefits in vivo.
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PRODUCT TECHNICAL INFORMATION SHEET STPO23EN

UNIVERSAL CEMENT RESTRICTOR -

MANUFACTURER - DISTRIBUTOR: perm edica s. p.q.

via Como, 38/39 - [123807 Merate (Lc) - ITALY

@ permedica @

REGISTERED TRADEMARK:

ORTHOPAEDICS L&
\———/

QUALITY CERTIFICATION: SISTEMA DI GESTIONE v
Y CERTIFICATO ~——

& | TALCERT
UNI EN ISO 13485

INTENDED PURPOSE 0426

The UNIVERSAL Cement Restrictor is a device intended for use in cemented total or partial hip and knee replacement operations
when intramedullary stems fixation is required.

The aim of the device is to seal the medullary canal in order to prevent distal cement migration during the prosthetic

implantation phase, while favoring at the same time even cement distribution around the component and guaranteeing
appropriate pressurization and trabecular bone penetration at the implant site.

TECHNICAL DATA

DESIGN:

Circumferential tab split into 8 petals to allow adaptation to all anatomical conditions; metal wire with radiographic
reference function; central thread for tool positioner engagement.

MATERIALS:

Ultra High Molecular Weight Polyethylene (UHMWPE) without calcium stearate - 1ISO5834/1/2
Wire: medical grade stainless steel AlISI 316L - 1SO5832/1

STERILIZATION:
Method: Ethylene Oxyde (EtO) or irradiation (Beta or Gamma rays - nominal dose 25 kGy) in vacuum.
Valdity: 5 years (Beta/Gamma sterilized products) - 10 years (EtO sterilized products).

PACKAGING:
Outer: rigid carton box, with polypropylene protection film;
Inner:  double bi-laminated polyamide/polyethylene plastic envelope vacuum packed (Beta/Gamma sterilized products).
Double paper/plastic envelope (EtO sterilized products).

Identification labels reporting all necessary information regarding the product can be found both on the outer or inner
package; extra detachable labels for application to the clinical chart are enclosed.

DEVICE CLASSIFICATION:

Class Ilb as reported in Directive 2005/50/CE (and related D.lgs 26 april 2007 n.65) concerning re-classification of Hip, Knee
and Shoulder joint prostheses which modifies classification criteria of Annex IX of Directive 93/42/CEE and next integrations
and amendements.
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PROD A O ATIO
AVAILABLE SIZES

UNIVERSAL CEMENT RESTRICTOR
C - D reference
88000
max. 24mm
INSTRUMENTS
reference
Graduated positioning Handle $88000

IMPLANTATION PROCEDURE

For device positioning into the medullary canal, screw the Cement Restrictor onto the Graduated Positioning Handle.

| 20mm
=
|
20mm
-3 |
Determine the depth for device Insert the Restrictor to the Fill the medullary canal with
insertion referring to the length desired depth and remove the bone cement and insert the
of the prosthesis, leaving max. Positioning Handle by prosthesis.
20mm. between the the distal tip unscrewing.
of the stem.

permedica permedica s.p.a. - Cap. Soc. 1.300.000 « - via Como, 38/39 - 23807 Merate (Lc) ITALY
ORTHOPAEDICS Tel.: +39 (0)39 9514811- Fax +39 (0)39 9903078 - www.permedica.com - info@permedica.com
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