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Abstract
The purpose of this paper is to design the mechanical parts intended to reduce wear caused by the friction torque of orthopedic
implants and to present the processing technol ogies used in their implementation.
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1. INTRODUCTION

Hip joint replacement surgery is done by repladimg upper
part of the femur and the damaged hip bone. Theadath
bone and cartilage are replaced with implants matle
biocompatible materials.

Implants are designed to operate easily and ersogeterm
operation. In time, due to cyclic dynamic stressed complex
movements performed in adverse biological enviraminthe
optimal functionality of prostheses is lost, somets it is
possible for an element to come off the supportinge and,
in the long run, there may appear a wear leadingato
dysfunction of the mechanical components.

Among the causes leading to the implants’ detetimahere
are the result of the complex interactions betwedba
constructions, the patient characteristics and tiedical
factors related to the surgical act.

The constructive version is the controllable vageatwhich

involves choosing the prosthesis’ elements geometng

materials, the manufacturing processes and the auetlof

sterilization. The lifestyle of each person is w&cnd so are
the patients’ characteristics such as weight, sitgrof daily

activities or skeletal system condition, which nmakéem

uncontrollable environmental variables [1].

In practice, the development of the prosthetic amdar
component as well as that of the femoral one wazdain

terms of material, size and shape, on the fundaahent
principles of mechanical engineering. The mechanica

equivalent of the hip joint is shown in Fig -1.

Fig -1: Mechanical equivalent of hip joint

Replacing a natural joint with an artificial one liwi
subsequently affect the load transfer mechanism \aitid
generally be conditioned by it, due to the factt thiae
components of the prosthesis must allow relativeeentents
specific to the full range of human activities foong time

[1].
2. THE ELEMENTS THAT LEAD TO THE
MECHANICAL FRICTION TORQUE ON HIP
IMPLANTS

By definition, friction torque is the combinatiorf two or
more contact bodies, which are in relative motidrslaing,
rolling, pivoting, or a combination of these [2].

Friction torque is the basic element in all tritgilzal analyses.
In the hip implants’ case, the friction torque ascbetween
the acetabular cup (Fig -2) and the femoral he&gl-@).

Fig -2: Acetabular cup
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Fig -3: Femoral head

3. TYPES OF WEAR ON HIP IMPLANTS

As far as wear types are concerned, the implantsoved
from patients showed a number of wear mechanisres, a
follows: abrasive wear, third body wear, adhesiveary
surface fatigue wear, corrosion wear and frettirgam(Fig —

4). Depending on the stresses the implant is stégeo, these
mechanisms combine in different times (not all atce),
amplifying the wear process.

o A o
b C d
Fig— 4: Types of wear
a. adhesive wear; b. abrasive weatr;

c. Third body weatr;
d. fatigue wear

-

a

Adhesive wear (Fig — 4, a) is caused by micro-wegjdihat
occurs on the contact between two surfaces inivelatotion,
so that the strength of the bond is stronger tharrésistance
force of the material and a small portion of thetemal is
removed from one surface and attached to the sthréace.
Adhesive wear may occur immediately by "freezing" o
"blocking" elements characterized by relative mofi8).

Abrasive wear (Fig — 4, b.) is caused by hard pladi or
irregularities that are forced to move against #&escsolid

material and is a mechanical process which may take

particular forms, qualitatively and quantitativelgpendent on
the shape and quality of the contact surfaces dred t
mechanical properties of the surface layers.

Third body wear (Fig — 4, c.) is caused by partich foreign
bodies (cement, metal, bone) that are embeddebeirjoint
surfaces. Abrasive wear requires a damage peria an
critical hardness value [3].

Fatigue wear (Fig — 4, d.) is a process caused yujicc
mechanical or mechanical-thermal stress associaidd a
rolling motion, a sliding motion or a combinatiori both.
Fatigue wear is characterized by the occurrence and
development of specific micro-craters (cracks beltve
surface which, in the course of time, removes gagifrom

the surface).

In order to extend the lifetime of hip implants aodmprove
their tribological performance, in addition to heéeatments
and thin-flm coating with materials having superio
properties, attempts were made to bring in charnigethe
construction and even the operating principle.

4. DESIGN OF SOME MECHANICAL ELEMENTS
INTENDED TO REDUCE HIP IMPLANTS’ WEAR
CAUSED BY FRICTION TORQUE

Testing of new construction concepts for improvihg
prostheses were made by other authors. An attefmathip
implant with tapered rolling elements is proposed the
Imperial College of Science, Technology and Medicin
London [4]. Another version, proposed by KatsutoBekki
and Kiyoshi Shinjo, includes a “train of balls” [Sjnother
type of ball implant, with a “clearing space” allmg the
rolling balls a free self-directioning movementi®posed by
the Institute of Solid Mechanics, Romanian Acaderiy,
collaboration with the University of Medicine andet
University Hospital in Bucharest, Capitanu L., Mofescu,
Petrescu F., 2001 [6], [7].

In order to reduce the friction torque and extemslimplant’s
lifetime, replacing the sliding friction with rofig friction was
proposed. This will be achieved by inserting twdl-bages
which replace the internal component made of phigene

(Fig - 5).

Fig5: The proposed low friction implant:
1-ball cage 1; 2- ball cage 2
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By inserting the two ball cages, a rolling frictiawccurs
between the cup and the femoral head, which leada t
decrease in the friction coefficient. With the bdthere occurs
a point contact, the friction forces are reduced te lifetime
of the implant is extended.

In the rolling friction’s case, due to elastic defation, the
contact takes place on surfaces that are small amdpo the
size of the rolling bodies. Tensions are calledalomontact
stresses and they were first studied by Hertz erfahlowing
assumptions:

- Rolling bodies are homogeneous, isotropic and
perfectly elastic

- The stress is maintained elastic all along

- The contact surface is very small compared to the
size of the rolling bodies

- The force is perpendicular to the contact surface
there are no tangential forces

- There is no lubricant between the surfaces aad th
contact surface is not flat, but flattened [8].

In the balls’ case, this study applies as followig (-6): the
ball diameter was noted db, the raceway radius measd rc
and the raceway’s radii of curvature were note{BRi

This area was calculated by Hertz

(o]

Fig -6: Study of the contact stresses in the balls’ c8ke [

The stresses are distributed spatially and takddime of an
ellipsoid ©z)
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In the contact area there occur several unit sisedéa point

For the prototype, two methods of building the ke are
proposed (the metal outer cladding and the femloeald are
used from a bipolar prosthesis).

A way of getting the balls into the cage is by ifigr and
reeling; with this method, the material for the eag a piece
of 316L stainless steel sheet.

Metallic biomaterials are the most popular classmaterials
used for implants, prostheses and medical instrtsneince
they have very good mechanical properties; they are
corrosion-resistant and  acceptable in terms  of
biocompatibility. Metallic materials used as imglanmaterials

are those that are able to form passive stablegiog films

on their surface, which "shut" the metal to therasive
environment [10].

The steps in the process of making the ball cage ar

1) a disc-shape sample is cut from the 316L stesdts

2) the resulting piece of steel is cupped;

3)the uneven edges are removed by trimming;

4) the semi-sphere is drilled using a dual indexiegice (able
to turn and index the piece); drilling is done ba butside;

5) a sand-blasting is performed in order to rentowes;

6) the balls are fixed in the cage by flaring arekling
(pressing) with a figured tool. The fixing is doheth on the
outside and on the inside.

Table -1 shows the flow diagram for the ball cdgeirig.

Table -1: Ball cage flow (by flaring and reeling)

No. | Name Sketch
1 Stamping O
2 Cupping w

I
]

3 Trimming (edges)

4 Drilling

PN

contact occurs, the stress distribution (normatt whiesses 5 Sand-blasting Sanding is done to
occurring on the contact surface) has an ellip$acidape [9]. remove burrs*
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6 Flaring on the —
outside

7 Flaring on the inside

End part

* A nonconventional “ice blasting” will be perforrde

A second method of getting the balls into the c&dy
pressing.

When this method is used, the cage is made of tegtsity
polyethylene.

This is commonly used for medical purposes duet$o i
physical, chemical and mechanical properties.

Depending on the polymerization conditions, thereseveral
types of polyethylene [11]:
-radical low density polyethylene (LDPE)
-linear low density polyethylene (LLDPE)
-high density polyethylene (HDPE)
-ultra-high-molecular-weight-polyethylene
(UHMWPE)

High density polyethylene (HDPE and UHMWPE) is u$ed
orthopedic implants because of its good toughnesd a
chemical stability, high resistance to impact, s&sice to
corrosive chemicals and non-toxicity.

UHMWPE has been used for over 40 years as a suuatess
biomaterial for hip, knee and spine implants [12].

Polyethylene cages are made using an unconventiogihlod,
namely the deposition of successive layers of rafea
technology known as Rapid Prototyping (RP).

The key principle of this new technology is based o
decomposing the 3D model into thin cross-sectioyers
followed by the physical formation of layers andeit "layer
by layer" stacking. [13].

The cage was created using the SolidWorks soft\iféige-7)
and subsequently processed with NETFABB.

Fig -7: Solid Works image of cage 1

NETFABB is a software that performs the decompositi
(mesharea) of the 3D model so it can be turned mto
prototype (Fig -8).

4B 0000000 040 |4ed 440844 444 *=va

Fig -8: Cage 1 processed with NETFABB

For an easy examination of the three-dimensionataho
additionally, a rapid generation of cage 1 is @enfed so that
any potential design error can be detected anéced before
the high density polyethylene prototype is manuwfiesd.

The cage is generated directly from the three-dgiveral
model with the Additive Layer Manufacturing (ALM)
technology which uses thermoplastic filament fomtimg,
with the help of the "BFB 3000 Plus"3D printer.

Before printing, the NETFABB-processed .stl filentaining
Cage 1 is imported in the AXON 2 software wheresit
converted into longitudinal sections (G.Code) reafdy
printing. The printer also is configured in the AXQ. The
printing is done as follows:

-the printer version is selected (BFB-3000 bed V2);

-the number of print heads is selected,;
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-the type of material (ABS) used by the print hésadelected
(depending on the type of material, the printinmperature
has to be adjusted);

-the thickness of the layer to be deposited iscsete (the
thinner the layer, the longer the time);

-the material for the rack and the material forphece (if any)
are selected;

-the fill level inside the cage is selected;

-the processing speed is selected (if the speeiglis the cage
will not have enough time to cool and will be defhed)

-the cage is placed on the virtual printing bed;opening the
.stl file, the cage is set into an optimal positmaiculated by
the program (minimum Z); a better positioning isurid by

selecting the desired area that will form the Hasehe cage,
S0 as to reduce the supporting area (which wiltdmeoved in
the end); if the cage exceeds the workspace, ainganed

cube will be displayed (Fig -9) and the cage widlvé to be
moved until reaches inside the cube (the printiolgime) and
the warning red cube disappears.

Fig -9: Cup exceeding the workspace

The part is sliced automatically and at the enthefprocess
the estimated 3D print time, the cost, the volumirueled
expressed in cm3 and the mass extruded expressgenms
are displayed. (Fig-10)

Build Progress

8 seconds

0 seconds
3 seconds
7 seconds
13 seconds

0 seconds

13 seconds
0 hours 21 minutes
Material cost 0.08
Volume extruded 1.4cc
Mass extruded 1.5 grams

Fig -10: Cup slicing — process end statistics

The software-calculated cage positioning on thatjmg bed
generates a print time of 21 minutes (Fig -9) anthrge
supporting base, which is created also inside #ge (Fig -
11).

Fig -11: Software-generated positioning and supporting base
of the cage

To create a smaller and more easily removed supgdrase,
the cup is repositioned.

After repositioning the cup, there resulted a ptinte of 15
minutes (Fig -12) and a smaller supporting baseewtime
supporting structure from inside the cage was rexdo(Fig -
13)

Build Progress
O 2 seconds

0 seconds

3 seconds

7 seconds

18 seconds

0 seconds

10 s=conds
0 hours 15 minutes
Material cost 0.06
Volume extruded 0.58 cc
Mass extruded 1.1 grams

Fig -12: Cup slicing process after repositioning
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Table -2 shows the flow diagram for the creatiomall cages

by rapid prototyping.

Table -2: Ball cage flow (manufacturing by Rapid
Prototyping)

Fig -13: Supporting base resulting from the cup’s
repositioning.

No.

Name

Sketch

3D Design using the
SolidWorks software|

3D processing using
the NETFABB
software (creating
the mesh area)

Processing the file
using the AXON 2
software and setting
the printing
parameters

Printing the cage

Mechanically or using
special solvents for ABS
material

Removing the
5 supporting base

Fitting the ball Performed by pressing

CONCLUSIONS

Although a great variety of implants have been tedatheir
lifetime is actually lower than expected in theahye to the
many causes that lead to the early wear of implants

Due to the frictions that take place between theo tw
components of the implant, there occurs the patrticl
generation phenomenon, followed by the particlesiching
the tissues next to the implant. The polyethylerstigle
generation caused by wear is associated with iatesular
reactions leading to the shortening of the impklitetime.

By replacing torque sliding friction with rollingri€tion we
intend to reduce the wear of hip prostheses andeheration
of particles caused by wear.
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