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Abstract

Orthopedic oncology provides for a challenging field in prosthetic design,
especially in proximal humeral sarcoma cases. In these cases a large volume of
bone and muscle is removed as a result of the sarcoma. This leaves insufficient
musculature to stabilize an un-constrained prosthesis. This report deals with
the design and testing of constrained total shoulder replacements, as their

inherent built-in stability compensates for lost musculature stability.

The weakest area of any shoulder replacement is the fixation of the glenoid
component to the scapula. The design of an innovative glenoid attachment
system was a main focus of the project. A total of three glenoid attachments
were designed. The other focus was to design and analyze the link which con-
strains the humeral and glenoid components. This was done experimentally

and analytically using finite element analysis (FEA).

The humeral fixation design has been kept standard as clinical results have
shown this to be adequate, the only addition being the incorporation of

modularity into the humeral neck.
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Chapter 1

Introduction

The evolution of shoulder replacements has been dramatic and a major break-
through was reported by Neer in 1955 (Zadeh and Calvert, 1998), with the
use of the first anatomical shoulder replacement. It is now widely accepted
that in most patients the anatomical joint replacement is by far the best
solution. The indications for the use of an anatomical joint system are in pa-~
tients where the rotator cuff and deltoid muscle groups are still intact. This
is, however, not the case when a patient suffers from a proximal humeral sar-
coma (PHS); in most instances the rotator cuff is resected and if the axillary
nerve is affected by the cancer, it will also be resected, rendering the deltoid
non-functional. This leaves the surgeon in a particulary difficult situation.
Twenty years ago many of the patients with a PHS would have lost their

upper limb and even now amputation is still a very real possibility.

1.1 Problem Definition

Without the rotator cuff or deltoid, an anatomical joint has little or no stabil-
ity. The only solution is to have an inherent stability built into the prosthe-
sis and a constrained device is produced. The constrained joint replacement

leads to forces being transmitted through the glenoid fixation and in many

1



2 CHAPTER 1. INTRODUCTION

instances results in failure of the constrained joint replacement. Thus de-
signing a constrained total shoulder replacement is not an easy task as there
are many design limitations to consider. To understand how some of these
limitations are generated, a cancer case will be studied, from the first signs

of a tumour all the way through to surgery.

1.1.1 A Typical Cancer Case

A lump on the proximal humerus (PH) is the first indication of a possible
cancerous tumour. The lump is then biopsied and subjected to pathological

examination to determine whether it is benign or malignant.

In this typical cancer case we have assumed that the patient has an aggressive
tumour which requires immediate attention. The first step in treatment is to
stop the growth of the tumour with chemotherapy or other means. This can
take many weeks. The next step is to perform a joint replacement and this
would be carried out by an orthopedic surgeon specializing in oncology. The
extent of the tumour would be mapped using MRI or CT scans and from this
information, a decision would be made to either order a custom prosthesis or

to use a stock modular system.

Firstly, the surgery involves the isolation of the tumour and the first layer of
musculature surrounding the tumour, including the skin around the biopsy.
This is a lengthy and difficult process as it is vital that the surgeon does
not pierce the sack of tissue surrounding the tumour as this would result in
the cancerous cells spreading throughout the vascular system. In isolating
the cancerous tissue, any nerves that are associated with the lump must also
be resected and this will result in the paralysis of the muscles they supply.
What remains of these muscles will need to be attached to the prosthesis in

order to improve the functionality and stability of the joint replacement
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Once the tumour has been removed, the usual procedure is to use bone ce-
ment for instant fixation of the prosthesis. A concern with uncemented pros-
theses is that in cancer patients the bone ingrowth required for its long term
survival may not be immediately possible. Patients receiving chemotherapy
have greatly reduced bone growth for a period after treatment and this com-
promises fixation. The final surgical procedure is for any remainihg muscle
to be stitched onto the prosthesis and the joint is then tested and the wound
closed.

The patient’s joint will tend to have limited active mobility as there is a
minimal amount of muscle to produce movement but the patient will have

the use of his/her lower arm and hand.

1.1.2 Design Factors

Using the cancer case described in this section, all the important design
considerations will be highlighted and an indication of the design route is

given.

Built-in-Stability

With little musculature present, a constrained shoulder replacement is the
only design option, as it provides the built-in stability that is needed. To-
gether with glenoid fixation these are the most challenging design problems.
Designing a compact link between the humerus and scapula components,
that provides a large range of motion (ROM) and will not fail, makes up a
major part of this report, see Appendix B and C.
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Glenoid Fixation

Linking the humerus to the scapula allows for the transfer of load to the
glenoid fixation. The scapula provides anchor points for muscle attachments
and the resulting bone structure is efficient with little volume and cortical
bone. However, this does not provide a good bone structure for glenoid fixa-
tion and ultimately becomes the primary failure point of constrained shoulder
replacements. The focus of this report is to improve present glenoid fixation

used in cancer cases.

Instant Fixation

If instant fixation is achieved using PMMA bone cement. Loosening of the
cement bone interface takes place in many cases. Which may ‘be due to
various reasons; the design of the implant, surgical technique, limitations in
quantity and quality of bone for fixation, tissue reaction to particulate debris,
rotator cuff deficiency with glenohumeral instability, and high patient activity
levels were proposed as potential causes of loosening (Boyd et al., 1990; Wilde
et al., 1984; Barrett et al., 1987; Kelly et al., 1987). To combat this, a design
must incorporate components that allow for bone ingrowth. The fixation
provided by the bone ingrowth would later supplement the fixation provided
by the cement.

Space Constraints

There is little space to work with in designing any shoulder replacement.
In cancer cases this problem is heightened, as a varying amount of skin is
removed due to the biopsy. The result is less skin available to close the wound
and using a skin graft is not ideal, as there is little tissue present to supply

the graft with the necessary blood flow. It is thus imperative, the prosthesis
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be as compact as possible.

Modular System

When dealing with cancer there are various levels of resection and to ac-
commodate for this variability one must keep the prostheses as modular as
possible. In using a modular system it is possible to move away from custom
prosthesis. A major benefit of having a modular system is that the manu-
facturer can produce a high volume of standard components, which in turn

reduces the price of the prosthesis.

Ease of Assembly

For a surgeon wearing two layers of rubber gloves the assembly of small
components is difficult. In designing a small assembly this must always be

kept in mind.

1.2 Design Approach

The design can be approached from three angles; the first being what is
available on the market, the second being what do the surgeons want and
finally, what has been done in the past. These three sources provided enough

information to generate designs.

Glenoid Fixation Design

Three glenoid fixation designs were chosen for review. The final designs are

given in Chapter 4 and for all the design drawings see Appendix E.

Constrained Link Design

ISIQU Orthopedics, has designed a constrained link system, which consists
of a ball and cup split in two halves, similar to a ball-in-socket joint. This
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design was investigate experimentally and analytically using finite element
analysis (FEA). Another concept was also tested, however, it was unable to

meet many of the specifications, see Appendix B.

1.3 Testing Approach

An outline of the testing is given below and for more detail on possible future

experimental work, see Chapter 8.
Constrained Link Testing

Two link concepts were tested rigourously experimentally and analytically
using ABAQUS, a FEA package. The results are detailed in Appendix B
and C.

Glenoid Fixation Testing

A test rig was designed and built, see Appendix E. Ethics approval was
gained from the research ethics committee for the use of cadaveric scapulae,
see Appendix D. The cadaveric tests were not carried out as only unclaimed
corpses could be used for testing and during a six month period no corpses
became available. Synthetic scapulae testing was then planned, but never

took place as enough work had been completed on the thesis.



Chapter 2

Literature Review

The scope of the literature roview conceusrates on constrained lotal shoulder
replacements (CTSR) and the factors that influenee their design, The fOeld
of CTSR iz specialized, as the demand for this eluss of johu replacement
14 low and in many cases custom prostheses are inplanied. o s assumed
that [ew companics have nudertaken the Lask of developing improved CTSIR

prostheses due to the small marke.

A direet result of a proximal hinmmeral sarcoma is the retoval of the cancerous
Ligsue. In the light of this, a shors mtroduction to the shoulder joinl is given,
which concentrates on structures that may remain after the rescelion of a
tumour. One also needs to understand the desien limitations of materials
uzed in orthopedic maplants, the design problems that need to be solved and

detenmine why past degigns have failed.

2.1 The Shoulder Joint

The glenohumeral joiut, also known ag the shoulder joint, iz made up of a
shallow ball and socket, This allows the joint to produce not only rotational
motion bat also sliding and rolling motion, The combination of the abowe

factors results in a highly mohile joint, stabilized in essence by mmsenlature.

-
f
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(a) (b]

Figure 2.1: The glenoid (a)} and a section taken Smm tmedial to the glenoid
shaowing the internal bone structure (b)),

The main muscles that take up this stabilizing function are the rotator cutf

group which consists of four muscles and the deltald muscle.

The glenchumeral joint links the scapula and humerns. The scapula needs
only minimal strueture (Fig, 2.1), as applied loads are mainly supported by
misculature, This lack of eortical bone is a prosthesis designer’s greatest

challenge. The huroerus on the other hand has good bone stock,

The shoulder generates its mohility from two sources; the glenohumeral and
seapulothoracie joints. Scapulobumeral rhyvthm ig defined as the ratio of mo-
tion produced by both joints when working synergistically. This iz a complex
interaction with an overall glenohumeral to scapulathoracic motion ratio of
2:1. A 4;1 ratio is produced in the first 25 degrees of elevation followed by a

5:4 rotation ratio for subgequent elevation (Poppen and Walker, 1976).

When designing around the human body, one of the prominent design issues
ig variability; the size, shape and quality of a specific bone structure is unique

for every tndividual. This thesis deals with two important structures located
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(a) (b)

Figure 2.2: The anatomical location of the scapula on the thorax (a), glenoid
version (b) and glenoid inclination(c), www.orthoteers.com.

on the scapula, the glenoid and coracoid process. An extensive study carried
out by Churchill et al. (2001), showed the average male glenoid width and
height to be 27.8mm and 37.5mm, respectively. The average female glenoid
width and height was reported as 23.6mm and 32.6mm, respectively. Glenoid
inclination varied from -7 to 15.8 degrees. By convention, a negative number
corresponds to an inferiorly directed glenoid and a positive number indicates a
superiorly directed glenoid (Fig. 22(0)) The range of glenoid version was -9.5
to 10.5 degrees with an average of 1.23 degrees of retroversion (Fig. 2.2(b)).
The coracoid process sits at an angle to the vertical axis of the glenoid. No

studies on the variability of its location and size were found.

Located on the axillary border of the scapula is a strong strut of bone that
runs at an angle down to the base of the scapula. Utilizing this bone stock is
important in the design of a CTSR. The shoulder is a complex joint and for

a detailed description of the shoulder, Rockwood Jr. and Matsen IIT (1998a)

is recommended.
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To give an idea of the standard already set by the human body, McKee (1966)
quoted:

Wear and tear is not a problem with the natural joint. The wear
products are readily removed, and the cartilage bearing surface is
automatically replaced by the growth of fresh cartilage. The nat-
ural joint is also lubricated so efficiently that no artificial bearing

surfaces have been designed with a lower coefficient of friction.

This makes for a highly efficient system that may never be replicated by

human efforts.

2.1.1 The Effects of Cancer on the Shoulder

A typical cancer case is highlighted in Section 1.1.1. The classification of
shoulder resections range from the resection of the proximal humerus to the
resection of both the proximal humerus and the scapula (Fig. 2.3). A pros-
thesis designed for a scapulohumeral resection is not as prone to failure as
a CTSR used in proximal humeral resections, as there are no fixation issues
with the glenoid. The prostheses given in this report are designed to accom-
modate proximal humeral resection and possibly extended proximal humeral
resections only. A further sub-classification of proximal humeral resections is
when the deltoid muscle is preserved (type A) and type B is indicated when
the deltoid muscle is resected. If the deltoid is preserved there is the option
of using a reverse anatomy TSR, such as the Delta® system manufactured

by Depuy (Appendix D).

In general, a biopsy (Fig. 2.4) should be carried out by the surgeon performing
the resection. In many cases this does not occur and a poor biopsy is carried

out resulting in more skin having to be removed during resection to ensure
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TYPE | TYPE 1l

Proximal Extended [ | TYPE W i TYPE ¥V
humeral proximal i 1 Extra-articular Scapulo-
resection humeral b glenohumeral humeral

resection resection resection

Scapular Resections

! TYRPE Nl
| Partial i Complex
scapulectomy scapulec-
tomy

A, Deltoid preserved
8. Deltoid resected

Figure 2.3: Classification of shoulder resections (Rockwood Jr. and Mat-
sen II1, 1998b, pg.1157)

that the tumour is contained. These are challenging cases as the surgeon is

left with little skin to close the wound.

There are various types of cancerous lesions that effect the proximal humerus.
The most severe is a high-grade bone malignancy where both postoperative
and preoperative chemotherapy is necessary (Davis et al., 1994). Chemother-
apy also effects the bone cells in the area, slowing bone growth which in turn

reduces bone strength and the bone’s ability to grow onto a prosthesis.
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Deltoid Skin
incision
Deltopectoral
interval
Axillary
nerve
Biopsy
incision
Pectoralis
major

A

Figure 2.4: Biopsy of the proximal humerus (Rockwood Jr. and Matsen III,
1998b, pg.1152)

2.1.2 Properties of Bone

The only tissues in the body which have truly regenerative ability are epithe-
lium, bone and liver cells (Heughan and Hunt, 1975). This is the positive
that bone offers us; the negative side is that bone obeys Wolft’s law, which
states that changes in the function of a bone are followed by changes in the
internal structure of the bone. Wolf’s law is a major problem in all orthope-
dic cases where alloys are used; all bio-compatible alloys have high modulus
of elasticity relative to bone. In brief, due to the implant’s high elastic mod-
ulus, it absorbs most of the energy needed to stimulate bone growth. This.
is known as stress shielding and in addition, bone reabsorption takes place
in areas of stress shielding. In many instances the result is a catastrophic

failure of the bone-implant interface.



2.2. CLASSIFICATION OF SHOULDER REPLACEMENTS 13

Figure 2.5: The three classes of total shoulder replacement; anatomical (un-
constrained) (A), semi-constrained (B) and constrained (C), (Evarts, 1983).

2.2 Classification of Shoulder Replacements

In the past, glenohumeral joint replacement was classified as being either
anatomical, semi-constrained or constrained (Fig. 2.5), (Rockwood Jr. and
Matsen III, 1998b). There are two prosthetic markets; the custom and the
standard production market. From a commercial point of view, only the
anatomical and Depuy’s Delta® reverse anatomy TSR have survived the

standard production market.

There are many conditions that affect the glenohumeral joint both directly
and indirectly. In the early developments of the 1970s and 1980s, exper-
imentation was the order of the day. The work carried out proved that
constrained devices are associated with a higher incidence of failure than un-
constrained devices (Cofield, 1983). Constrained devices are not the optimal
solution to the more prevalent joint conditions of rheumatoid arthritis and

osteoarthritis where the rotator cuff is preserved. Thus for patients with an
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intact/functional rotator cuff the unconstrained prosthesis remains the gold

standard (lannotti et al., 1992; Stewart and Kelly, 1997).

In the case of a proximal humeral sarcoma patient, the optimal solution is a
sound constrained TSR and for this reason the constrained TSR is examined

in detail.

2.3 Existing Constrained Total Shoulder Re-
placements

Understanding the history of a concept gives a greater insight into how one
could improve on past designs and avoid of failed concepts. Table 2.1 shows
the development of constrained shoulder replacements over the last 112 years.
The only known product on the market today from Table 2.1 is the Bayley-
Walker® TSR. A synopsis of the rationale behind each design is given below

and when possible, the reasons why a design failed.

Table 2.1: The development of constrained TSR from 1893 to 2005

Prosthesis Fig. Date | Prosthesis Fig. Date
Péan Fig. 2.6 1893 | Wheble-Skorecki - 1977
Gerard - 1973 | Floating-Socket  Fig. 2.9 1978
Reeves - 1974 | Kessel Fig. 2.10(a) 1982
Fenlin - 1975 | Liverpool Fig. 2.8(b) 1982
Zippel Fig. 2.7(b) 1975 | Trispherical Fig. 2.7(a) 1982
Bickel Fig. 2.8(a) 1977 | Kolbel Fig. 2.11 1987
Michael Reese Fig. 2.7(c) 1977 | Bayley-Walker® Fig. 2.10(b) 1992
Stanmore - 1977 | Zimmer - -

- Péan TSR 1893

The first shoulder replacement was carried out by Péan in 1893 and also

happened to be a constrained TSR (Fig. 2.6). The materials used were plat-
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Figime 2.6 The [irst TSR by Péan in 1893 {Lugli, 1878].

intm and rublker and as a result the prosthesis failed due to an overwhelming

Lissue reaciion.

Fenlin TSI 1975

The reverse ball-in-socket TSI desighed by Fenlin has an uncemented wodge
driven o the seapnla for lxation and a rod placed down the axillary border
of the seapula {Feulin Jr, 19753). The rod appears to be placed within the
medullary cavity of the axillary border. A larpe polyethylens (PE} ball is

serewerd onto the glenoid fixation and articulates with a metal cup.

MMichael Reese TSR, 1677

The Michael Reese total shoulder replacement was cnce the most widely used
constrained joint svstem in North Amcrica (Fig. 2.5{c) and 2.7(c}). A dis-
location tolerance was introduced into the the system which resulted in a
controlled component dislocation to avold glenold [racture [ollowing trainma.
Dislocation would then require open surgery and reassembly of the compo-
nents.  This prosthesis has been abandonced due to the high incidence of

cowplications [(Watson, 1990}, The poor performance of this prosthesis is
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Figurc 2.7: The trispherical TSR is designed around two spheres held captive
in a spherical housing {Bayley and Kessel, 1982} (a), the model BME TSR
is an early captive ball-in-socket design {Zippel, 1975) (b} and the Michael
Reese TSR (Cofield, 1977) {c).

understandable as designing around a controlled dislocation is virtually in-
possible. As every patient is different, no surgeon can go into an operating

theatre guaranteeing the quality of glenoid fixation.

Bickel TSI 1977

Cofield (1977) described the design rationale, stating that a very small ball
was used to decrease the friction between components and that the glenoid
component was designed to be incorporated entirely within the glenoid cavity.
{ne of the reasons for this was to maximize the prosthesis-bone contact aren
{Fig. 2.8{a)). The use of a small ball increases the contact load on the PE
liner which may result in inereased wear, Another negative of this design is

that it does not utilize enongh of the awailable bone. The author suspects
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@ )

Figure 2.8 The Bickel TSR (Cofield. 1977) (a) and the Liverpool TSR ex-
hibiting the reverse ball-in-socket design (Bayley and Kessel, 1952) (b)),

the design tuiled duc to poor glencid fixalion,

Stanmore TSR 1977

The glencid component relied solely on a large amount of polymetby ] melacoy-
luge {(PMMA) for fixation (Coficld, 1977), which is a dangerous situation in
the long termn, as cement fixation breaks dowm over time. The componenls

were anapped together after heing implantoed.

Floating-Socket TSR 1978

This implant containg a dual spherical bearing system (Fig, 2.9), which allows
the prosthesis to have a large range of motion [ROM), (Buechel et al., 1978).
The design appesrs to have a low dislocation threshold and no clinical resules

were given,
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Figure 2.9; Floating-Socket TSR (Buechel et al., 1975),

Kessel TSR 1982

The design is made up of a large 50nim serew which s first implanted mto
the glenoid without the tse of cement. A polyethylene (PE) stem containing
the socket is then cemented into the humeral canal, followed by the ball and
socket being snapped fogether, This 38 known as a reverse ball-in-socket
design (Fig. 2.10(a)). The Kessel prosthesis resulted in a pain-free joint but
was associated with a high incidence of locsening {Brostrom ot al., 1992).
Baylev. in n long term review of the Kessel TSR, observed that in an orginal
group of 31 patients there were four cases of early failure and there was only
one turther fatlure after 11 years of mean follow-up time {Zadeh and Calvert,
1998). Whether failure is defined as the need for romowal or a loosening of
the prosthesis is not stated. There have also been instances of the prosthesis
unscrewing, particularly in the night shoulder. In & study done by Post and

Haskell {1980, out of the 43 patients in the group, 15 (35%) had to undergo
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(i) (b)

Fisure 2,100 The Keszel TSR 12 a reverse ball-in-socket design, where the
slenoid component i screwed in and the lmmeral component is cemented in
(Bayley and Kesscl, 1982) (a), the design was then improved in later years
and becarmne kinown as the Bayley-Walker™ TSIL (Ahir et al., 2004} (b)),

=07t o
Liverpool TSR, 19582

The only glenoid fixation the TA reverse hall-in-socket THR has, 13 a stem i1-
serted approximately 30mmn down the medullary cavity of the axillary border

(Fig, 2.8(b]). No clinical results were found.

Trispherical TSR, 1982

Desipned by Gristina, this captive system had (wo spheres free o rotate in
a PR lining within a lacger sphere, allowing for a greater range of motion

{ Bavley and Kessel, 1982). Notioe the simall keel used in the gleneid fixation
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Figure 2.11: Kilbel TSR showing a flange bolied Lo the base of the scapula
spine {Kdlbel et al., 1987).

(Fig. 2.7(a]). No Clinical results were found.

Kilbel TSIR 1987

Utilizing the reverse ballin-socket design, Keilbel produced a compact pros-
thesis with s Qange bolted Lo the base of the scapula’s spine (Fig, 2.11),
(Kealbel et al, 1987). This appears o be an exeellent design, however any
shoulder surgeon will ask how one gains access to the area where Lhe scrow

needs to be inserted without heing overly invasive.

Bayley-Walker® TSR 1992

The Bayley-Walker™ is au npgraded version of the Kessel TSR and is only
supplied to The Roval National Orthopedic Hospital Trust in England { Lane
2005, personal communication]. The desipn cousists of & coball chrome ar-
ticulating head with o hydroxyapatite [LIA) coated titanium screw inserted

without cement (Fig. 2.10(b)). The humeral component has a titauninm
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stem with & polyvethylene-lined socket and is cemented in place (Zadeh and
Clalvert, 1998). Thete ate problems associaled with the Bayley-Walker®,
howewver roporls on s clinleal performance are conflicting. The majority
of the praise comes directly from the designers in a paper they published
together with other researchery (tef. Ahir ef al.. 2004]. The reasony the pros-
theais is not favoured bv surpeons are that there is the possibility of splitting
the plenoid and that large amounts of bone stock are removed. The need
for less bone stock 18 a posibive in cases of revizsion surgery where the screw
fills the cavity left by the prosthesis. In cases of PIIS, where I 18 imperalive
remaining muscle i3 ntilized o promote function, the surgeon requares al-
tachment pointy on the prosthests and the Baviey-Walker® does not contain
any. In a personal communication with Dr. K. Hosking, his opinion was that

the prosthesis does not perform.

The glenoid component utilizes the cortical bone at Lhe vault of the glenoid by
using threads which protrude through the anterior surface of the scapnla. The
reason the component does not utilize cement fixation iy 1t has been shown

to produce inadequate fixation of constrained devices (Ahir et al., 2004).

T'his 15 a faitly complete listing of important TSI designs used in the past
and present.  Manuy of the designs incorporated in developing the TSR in

Chapter 4 are referenced to the designs mentioned above,

2.4 Current Orthopedic Innovation

In the vast field of orthopedics one must aways be current with new inno-
vations as it may be possible to apply these new concepts to the problem at

hand.

An up-to-date look into the areas of modularity, constrained articulation,
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Figure 2.12: The Biomet Mosaic™ ix a limb salvage prosthesis demonstrat-
ing bunilt in modnlarity.

fixation and materials is carried out in this section. All of these fields are-
applied to the designs generated in this report, whether directly or indirectly

and should always be kept in mind for future work.

2.4.1 Modularity

A taper lock system, used to connect most modular components, 18 an ex-
cellent solution; the stmplicity makes it easy for the surgeon to assembie and
disazsemble components when choosing the correct size. The connection is
self locking when it i1s compression loaded in the axial direction. The system
produces minimal surface area for corrosion to take place and there are no
stress concentration points generated, unlike screw threads which may suffer

from fatigne,

Shown in Fig. 2.12, is the modular system used in the Biomet Mosaic™

limb salvage prosthesis. Notice that the two tapers on the stem have mating
points where two components interlock to prevent rotation, The system
comes with optional collars, which are porous coated to promote increased
fixation, which in turn promotes longevity, The collars and suture holes on

the proximal body are used to attach any remaining musecle to the prosthesis
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Figure 2.13: The Biomet Bi-Polar uncoustrained shoulder replacement (a)
and the assembly of Bi-Polar system {b).

in order to increase the functionality of the saved limb. See Appendix D for

the brochure supplied by Biogmet.

2.4.2 Constrained Articulation

An eflective constrained articolation system, that provides adequate ROM
and strength in both tension aud bending, remains elusive. The design used
in the Biomet Bi-Polar shoulder replacerment (Fig. 2.13) is a simple yet
effective systemn for low ROM applications. The Bi-Polar axial separation
strength 14 over TH50N and has a cantilever strength of over 5.1Nwm; the
ROM is nat given (Appendix D). A similar design was tested in this project,
the results can be found in Appendix C.

2.4.3 Fixation

Fixation is the core 1ssue of this project as the leads transferred to the glenaid
are high. As a result, loosening occurs followed by failure, or simply catas

trophic fracture of the glenoid. A design utilizing a novel fixation system
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{a) b

Figure 2.14: The Delta® (Depuy Internotional Ltd) system cxpanded (a),

with locking inferior and superior glenoid serews shown anchoring the re-
versed ball {b), (Boileau et al., 2005).

with snceess is the Delta™ manufactured by Depuy (Fig. 2.14). The original
designer {Garmmeont § found that he had many failures with cemented glenoid
eompotents and decided to generate the un-cemenied concept used today.
The lasess modelon the market is the Delta 111 launched in 1991 (Boilean
et al., 2005). The glenoid fixation is made up of a HA coated central stem,
sutrounded by four coriical serews with the superior and inferior screws be-
ing locked m place by thread on the titaniwm base plate, the angles of which
are fixed. There are two shorter cortical serews anterior and posterior of the
stem and their insertion angles can vary by 15 degrees. Combined with a me-
diallized center of rotation this makes for a robust design. Detailed clinical

resulis are given by Boileau et al. (2005}

The locking compression plate (LCP) shown in Fig, 2.15 is a recent devel-

opment sirgeons use to siabilize fractures. The plates and serews form one
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Figure 2.15; Locking compression plate (LOP) with locking serew manufac-
tured by Synthes.

stable systern and the stability of the fracture is dependent on the stitfness
of the construct. Thus LCP's are an improvement on past systems that were
not locked together. The tapered thread on the head of the screw allows the
screw to lock into the compression plate even though the piteh of the cortical
thread is larger than that on the LCP, The taper in essence allows a gradual
meshing of the threads {Appendix D).

2.4.4 Tmplant Material

Implant materizls promote the formation of a fibrous capsule around the ma-
terial separating it from the bone (Collins, 1953). The factors that influence
the thickness of the capsule are the chemical reactivity and corrosion of the
implant material {Scales et al., 1970) and the size, shape. and mechanical
movement of the implant {Wood et al.. 1970). Even when using titanium
and insuring the component has rounded corners and is rigidly fixed to the
bone, a minimal capsule thickness of 1 — 10pm is produced [Hench and

Ethridge, 1982). Creating an interface on which bone can bond has been a
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major focal poiot in rescarch; the latest oflerings have been porous coated
surfaces nsing o high temperature plasma spray technigue, depositing tiny

heads or wire sintered to the surfacs of the meatal

Hydroxyapatite (HA) coatings have also been used over the last fow yoars,
where the surface of the material s coated with this bone reactive substance,
HA has been identified as a hone growth factor, stimulating the growth of new
Lone onto surfacees where it has heen deposited. The resnlt is the formation
of a strong hone-implant interface early on in recovery, HA presently has CE
approval, however the FDA has revoked its prior approwval. Poor HA results

have bieen reported by Field et al, (1997).

2.5 Standard Implant Materials

A nmnber of proven implant materials exist and the ones applicable to this
project are discussed in terms of their material properties, biocompatibility

and failure modes.

2.5.1 Titanium {Ti-6Al-4V)

Titaninm alloys are one of the materials of choiee in orthopedics today,
Titanium has the advantage of lower density and lower elastic modulus,
coupled with high strength and a very low rate of corrosion {Hench and
Ethridge, 1982). The lower density reduces the patients awareness of the
prosthesis and the lower elastic modidus redices stresses around the implant

by Aexing with the bone

One nepative in using titanium is its poor wear properties, however, recent
advances in the case hardening of Ti-6Al-4V have produced 50 - 100wm

wear-resistant oxide lavers (Vicatos 2005, personal communication), This is
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promiging for wear application where [atiene 18 non present. Grover (1966}
found the fatigue limit of a heat-treated tiraninm alloy to be above 509, of its
tensile strength, The fatigue strengths of other bomedical materials range

from 35% to 453% of their tensile strength.

Ti-6ALLY shows two orders of magmitude less corrosion than 31610 stain-
less steel [Aragon sod Hulbert, 1972) and the latter becomes pitted while
the titaninm corrodes uniformly. Titanium owes its corrosive resistance to 4
tightly adherent oxide layer which passivates the surface, If this cxdde layer
is cortinually rubbed off by contact with another hard surface, fretting corro-
sion peeurs, This should be svoided. Chemicsl sterilization appears to have
no offect on corrosion rates, while dry heat and steam do affect titanium,
gignificantly reducing the eorrosion rates by producing s thicker oxide layer

(Hench and Ethridge, 1982},

2.5.2 Cobalt Chrome Molybdenum (Co-Cr-Mo)

Cobalt chrome molvbdenum i used in orthopedics manly for its excollent
wedr resistance; in some cascs it 18 utilized in high load applications. The
material is extremely hard and is difficult to machime. The rate of corosion

i5 low and uniform (Hench and Ethridge, 1982},

2.5.3 Ulira High Molecular Weight Polyeihylene
(UHMWPE)

The in vivo problems azsociated with UHMWDPE sre abrasive wear, polymer

degradatiom and cold creep. Weur particles have a large surface to volume

raticr when compared to their parent materisl. As g result, tissue reacts more

readily with the material, ereating an irritation and loss of funetion which

coustitutes a fallure of the prosthesis,. The polymer degvades over time; up
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to a 30% loss of tensile strength was reported o a 17 month i wive study

o1l polyethylene sutures (Leininger, 1963).

UHMWPLE is however, the primary bearing surface used in conjunetion with
Co-Cr-Mo. Other Innovations appearing on the market today are; metal
on metal bearing siurfaces and ceramic on ceramic bearing surfaces. Their

manufactire i specialized and have heen ruled out for nse in this project.

2.5.4 Polymethyl Metacrylate (PMMA ) Bone Cement

PRMMA i polymerized in situ, creating a chemical reaction that produces
thormal trauma due to the polymer reaching temperatiires as high as 65°C
(Lautenschlager et al,, 1974). The other immediate problems are the chenyical
and mechanical trauma which cecur when the cement s pressurized onto the

bone.

Possibly the worst problem with bone cements is the deterioration of the
pobvmer-bone or polymer-metal interface, leading to mechanical instability
(llench and Trhridee, 1982). The reasons belind this are the strength and
achesion properties of bone cements. PMMA s relatively strong in com-
pression. bhut weak in tension. The fatigne strength of the polvmer under
phvsiclogical conditions is in the order of 5 7M Pa (Davis et al., 1987)
with Lee and Turner {(1977) reporting a tensile strength of 250 Pa. This
iz the main reason why there is a poor long-term survival rate for glenoid

components which rely heavily on bone cemenr [or fixation.

FPMMA cement lhas no adhesive proportics and acts as a grouting between
the prosthesis and booe. It merely fills space to create a ridged link between
the bone and prosthesis {1lench and Ethridge, 19582). The consequence of this

phvsical property is that undercuts, holes and furrows need to be designed
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into the prosthesis. A good surgical procedure relics on the PMMA dough
Leing pressurized hetween Lhe bone and tnplant which resulis in a filling of
any available cavities, This is whal produces a good nterlocking of PMMA
with both the bone and metal surfaces with which it is in contact, creaging

a ridged Iink betwisen the two.

2.6 Implant Failurc Modcs

One muss remermber Lhat joint replacoment is one of the most demanding of
all hody implant applications, becanse of the extent of loading, Lhe severity
of the chemical environment, and the complexity of joint funciion {Lisagor,

1975),

Glenoid fixation 13 the weakest link in any total shoulder replacement.. In a
FEA study done on UHMWDE linings used in an anatomical TSR, Gupta
eloal, {2004) showed that if subchondral bone along the longitudinal axis of
the slenaid cavity 18 preserved, glenoid fixation strength is ingwroved. Rea-
song for camponent loosening are Lthe design of the implanl, poor surgical
techniguie, Bmitations i guality and quantivy of bone for fixation, Lissue re-
action to debris, and high patient activity lovels (Bovd ot al, 1990: Wilde
of al., 1984; Barrett eu al, 1987 Kelly et al, 1987}, The presence of one
ar more of Lhe above factors may result in aseptic loosening. Buoileau et al
(20035) staved that reverse ball-in-socket prostheses tend to fadl becanse their
design results in excossive torgee and shear [orees being applicd o Lthe glenod
component due to the conter of ratation being placed outside of Lhe scapula,
as seen in Fig, 28(b). One must also keep in mind that the holding power of

serews penerally deereases with time (Hench and Ethridge, 19823,

The other major mode of failure for constrained TSI is an uncontrolled
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Fignre 2.16: The Delta® cup is shown impinging on the lower border of the
glenoid (a), a radiograph of an impingement taking place (b) and a retrieved
polycthylene cup demonstrating wear (c), (Boilean et al., 2005).

dislocation of the link between the humeral and glenoid fixation components.
This results in the need for revision surgery and there is a high possibility
of limb amputation. One may argne the patient should take care of his/her
arm and not load it excessively. Dislocation of constrained TSRs have taken
place when patients have rolled on their side while asleep (Lane 2015, personal

communication).

Impingement of & prosthesis on surrounding structures or itself iz underirable
and falls under design failure. In orthopedics every case must be taken on
merit as there are many variables to cvery outcome. An example of impinge-
ment is given in Fig. 2.16. Other arcas of faihwre are corrosion and wear and
these modes of failure are governcd by the designer’s choice of material. In
this project the materials have been specified and therefore failure modes of

corrosion and wear nocd not be diseussed.

2.7 Summary

In closing, a list is given of the important points pertaining to problems that

remnain in the ficld of constrained TSR,
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e Poor glenoid fixation, due to quantity and quality of bone.

e The uncontrolled dislocation of the link between the glenoid component

and the humeral component.

¢ Space constraints as a result of less skin available to close the wound

after a biopsy.
» Low mobility of the shoulder is due to resection of the abductor museles.

o No conswrained TSR with muscle attachment peints available on the

markel.
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Chapter 3

Specifications

The ohjective of this thesis was to generate a CTESR. design. Three viable de-
sipns were penerated; the Quad-Point TSH, Hybrid-Screw TSI and Central-
Pep TSR (Fig. 3.1). A gquantitative tabnlar sumimary of all three designs and

the design target is given in this chapter.

Specilieations have two functions, the liest is to elarify the design problem and
set a quantifiable desien target, the sceond is to provide 8 means of comparing
designa. The specifications have been divided up into categories based on the
components that make up the [inal prosthesis and these components have
heen identilied as glenoid fization, humeral assermbly and the ball-in-socket,
A general and joint range of mobility (ROM) category is also given. Realistic
target values have been generated for each specification when possible and
arc ¢iven in the column labeled ‘Desired’ in Table 3.1 The actnal values
attained by the Quad-Toint, Hybrid-Serew and Central-Peg TSI desigus

(Fig. 3.1) are given in iheir respective colummns {Table 3.1).

A detailed explanation of how each design functions is given in Chapter 4

and Chapier b will highlight the desivns strengths and weaknesses.
T RLLLE.

33
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(a) (b} (c)

Figure 3.1: The Quad-Point TSR (a), Hybrid-Screw TSR (b} and Central-
Peg TSR (¢} design side views.



Table 3.1; Design specifications

No. | Requircment Desired Actual | Actual | Actual
(Quad- Hybrid- | Central-
Point | BSerew Peg
Glenoid Fixation I
1 Number of screw at-| max 3 7 1
- tachment points
2 | Number of cementod at- I 1 3 3
i Lachment points
B Volune of Bone min 28T | 4.67em® | 5.16em”
removedt 1
4 Conlact aren of cement max  9.2mm? | 11.7mem? | 11 Trem?®
an bonet
5 Contact ares. of coment THAx 52mm? | Gdmm® | 6.dmam®
~on prosthesis
"6 Contact arca of prosthe- max 14 1mm? | 17 Tmem? | 18, Trem?
sis on hone
7 Suengrh of the initial ax - - -
' fixation .
% | Center of rolation from min 1%mm Fdreen, Fdrran,
glenaid face
% | Distance from tumeral rnin A6 | 4Ldmm | 41.dmm
shafl, axis Lo glenoid face .
10 | Use of hoth cement and - A v v
hone Ingrowsh [xation
| Hiusneral Asscmbly
11 [ All rapors w0 be locked - ! v v v
with g threaded seetion _
12 | Minimum number of su- 4 5 5 5
ure holes : _
14 | Minimum diameter of | dmim 3hmm © Swnen | Smm
sulure holes '
15 | Mgt number  of 2 2 2 2
grooves for whe allach-
ment of Dacron®

T Caleulated for a 1men thick coment mantel.
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Dresirn specificarions table cont. . .

No. | Requirement "Desired | Actual | Actual | Actual
(Juad- . Hybrid- | Central-
Point Serew Por
I Humeral Assembly |
] cont. .. )
1ty | Diameter of grooves | 2mm 2rnrn 2mm 2ram

needed o attach
Daeron® with wire _
17 | Built-in modularicy - v ¥ v

Ball-in-Socket

18 | Minirum range of mo- | 100° 9 | 90° 00"
tion | n
19 | Axial  force  voerquored T CLA00A | 1500 | 1500

to dislocane she gleno-
huneral link

20 | Axial force tequired to | T000N 900N | 900N | 900N
produce  plastic  defor- ;

mation in the glenc
humeral link

21 | Moment required to - A3Nm | 45Nm | 45Nm
separale  the  gleno-
humeral link

22 | Moment  required o | 208m 16N | 1aN%m | 15Nm
procluce  plastic  defor- i
mation in the socket

Iip l
General :

23 | Only nse materials Ti- - v TR v
GAL4Y, UIIMWPLE and '
Clo-Cr-Mo I :

24 | Impingement tolerance Zrremt Zrren hran . 2mm

25 | Localing  window  for 20¢ 200 200 20

corrical serews I




Design specifications table corf. .

- No. | Requirement 'Desired | Actual | Actual | Actual
| Chuad- | Hybrid- | Central-
| Point | Berew Peg

Joint Range of
Mobility (RDT’UI}T
25 | Elivation 14607 1647 1607 1600°
96 | Fatension fill” £i{]” £ 607
37 | LExternal rotation in 6P RO 52° LYk
Abduetion )
28 | Internal rotation in G A8 AR a8
ahduction
29 | Abduction” 1407 125° 125 1257
29 | Posterior reach i 51 TIte TLOILE: et

T All caleulations use a 77 glenoid retroversion and 3% glenoid tilt.

* Abduction includes a glenohumeral thythin of 2:1

Some of the specifications have been listed with either a maximum or mini-
nan value as variability involved in the human shoulder and surgery prevents

the generation of lixed target values.

A future stuedy may use this information to help explain why a concept sne-
ceeded experimentally in the areas of the glenohumeral link and glenoid fix-

atlon,
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Chapter 4

Final Designs

O Lhe basis of the desired specifications lald out in Chapter 3, concepts
wore pencrated and analyzed, Of those concepts, three of the meost promising
were developed into the (QJuad-Point, Hybrid-Screw and the Central-Peg TSR
designs. A single glenoblmmeral link was developed nsing both experimental
and finite element analysis {FEA), The fanetion and assembly of this link
will be explained in this chapter together with Lhe funetion and assembly of
the Quad-Point, Hybmd-Serew and Cenlral-Peg TSR deslpns. it s inecrtain
which of the three desipns will have a superlor plenoud lixatlon. To ascertain
this, experimental work would have to be carried oul, In Chapler 5 only the

possible superiority of sach designs glenoid fixation is discussed.

A izt of the desipns fllows and all iechnieal drawings can be found in Ap-

pendix E.
o Unad-Point TSI
o Hybrid-Screw TSR

e Central-Peg TSH

39
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Housing- LI HM W ; Socket Locking Clip
Full-032-01 Socket Bottom ¢ Full-01-07
: Full-01-05 !

Ball and St
Full-01-0 Socket Top Full-03-04
Full-01-086

Figure 4.1: Socket assembly, ISIOU Orthopedics,
4.1 Design Similarities

Design similarities are hrst discussed, followed by a detailed explanation of

each TSR's assembly and function.

4.1.1 Ball-in-Socket System

The UHMWEE socket is split i two halves to facilitete the insertion of a
Co-Cr-Ma ball and stem (Fig. 4.1). However, the socket is not split on the
equatorial line of the spherical cavity., This is done in order tor the ball to clip
into the top half of the socket. The rationale is a reduction in wear may be
possible on the inside of the UHMWPE socket, as stress concentrations will
not lie on the fault/split line. The bottom half of the socket is inserted into
a titaninm housing followed by the coupled ball and upper half of the socket.
The system is then locked in place by a titanium ecable placed into a groove
created in both the top half of the socket and the inside of the housing,.
The ROM of the ball-in-socket joint is 90 degrees (Fig. 4.2). The socket
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ag?

Figure 4.2: Range of motion {ROM) of the ball-in-socket.

can withstand a maximum axial foree of 900N and a maximum cantilever
force of 15Nm. The maxima are based on the enset of plastic deformation

{Appendix C).

4.1.2 Humeral Fixation System

Humeral stem fixation is robust and clinical restlts have shown an altnost
zera fallure rate. The design given for all three TSR's is a standard tapered
stem with three Hutes (Fig. 4.3). The stem is fitted with a male taper and
thread section on its proximal end, which locks together with a humeral stem
extension; the thread insures that the taper will not disengage. Plates are
incorporated into the distal end of the humeral stem extension (Fig. 4.3).
These plates may be required in cases where an extended proximal humerai
resection (Fig. 2.3} 1s necessary or poor bone stock is present. The surface
of the plates is ronghened to allow for bone ingrowth and grooves are pro-
vided far the use of surgical locking wire, thus increasing the stability of the

attachment.
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Representation
of humerus support plate

Humeral St Humeral Sterm Extensior
Full-01-12 \ Full-01-11

| SN

R A P S B Y T o

\—Filled with bane

cement

Section on A-A

Fignre 4.3: Humeral fixation according to ISIQL orthopedies.

Milled Fareis used to ock

/ the components together

o

o

Flute milled into Cortical support-modular Grooves used be
the stem sloin extension Fiz Dacron mesh to
Fll-0L-11 the prosthesis

Figure 4.4: Modular humeral extension system according Lo ISIQL orthope-
i,
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4.1.3 Modularity

It is possible to use various length humeral stems and hunieral stem exten-
#iong, The tapers in shoulder patients with large muscle loss are nol under
constant compression and a2 a resalt, a catastrophic unlocking of the tapeors
may occur. To prevent thig, cach Laper i3 backed up wilth o threaded section
(Fig. 4.3}, A surgeon will normally reguire three sizes of each component for
slzing i theatre aud the mean size is chosen on the basis of a radiograph
taken of the pationt’s nmerus, Sometimes additional sizes are also supplied
i cases where the regection margin is not well defined and more bone has to

b Tosected.

4.2 Quad-Point TSR

The designs of the glenoid lxation are parlly based on Depuy’s Delta® TSE
{Appendix D). Fig, 4.5 shows the Quad-Point TSR, design in ihree views.
The Chiad-Point TSR central slem 18 canented into the glenoid, Once the
cement hag fully polymerized, two cortical screws with apherical heads are
inseried into the glencid. Both screws have the flexibility of being located
i 1 20 degree window! the mean location angle of each screw is 35 degrees
either inleriorly or superiorly (Fig. 4.6). ‘The snperior screw is shorter than
the mferior screw, which is designed to locate in the medullary cavity on the

axillary border of the scapula.

Once the socket homsing s fixed to the glenoid, the coracoid plate can be bens
it a shape that conforms with the coracold process. The coracoid plate is
then lightly screwed to the sockel housing using two tine thread serews with
polyethylene mserts. which insure the screws are locked in place. The plate

14 then permanently Oxed to the coracold process using one cortical serew.
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Figure 4.5: The Quad-Point TSR assembly,

Jga
- Corticals,
rSuperior glenoid coracoid Coracoid
| cortical screw A—‘i —— plate

-Tapered
cementing
sterm
_‘_I_
~Inferior glenoid
cortical screw 35:5. adjust

UHMWPE

Slot used to & socket housing
adjust the angle )
of the coracoid plate A"I Section on A-A

Figure 4.6: Quad-Point TSR gleneid fixation.
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Chiee this 15 complets the two serews on the housing are finally tightened.

The humeral components are then assemmbled; first the top halt of the socket
iz clipped anto the Co-Cr-Ado ball, The distal end of the ball has a male taper
which mates with o taper on the proximal buineral comnponent. The taper 1s
Tockend in place by o sorew, the thread of which is fitted with a polyvethylene
insert o ingnre permancnt locking of the thread. The sten is cemented into
the humernl eanal and wire nay algo be usec to fix the humeral component in
place. Onee this is achieved, the ball-in-socket is assembled (Section 4.1.13,
The aszscnldy of the prosthesiz i@ now complete and the surgeon attaches
as mnch rermmaining muscle ag possible to the suture holes on the humeral
component. A Dacron® mesh may also be used and is fixed to the humeral
component using wire and the two grooves provided {Fig. 4.4). The final step

15 the closure of the wonmnd.

4.3 Hybrid-Screw TSR

Kessel originally used a large un-cemnented screw which filled the glencid
cavity (Fig. 2.10). The Bayley-Walker®, which s the next generation of
Kessel's design, improved on the thread shape and which ntilizes the cortical
bime at the wanlt of the glenoid {Fig. 4.9). The lybrid-Screw design has
partially Incorporated that design and combined it with cement fixation in a

reverse ball-in-socket system (Fig. 4.7},

The glenoid fixation plate is screwed inlo the glenoid cavity (Fig, 4.8). Onee
it 15 tight, om the glenoid, two or three of the cight threaded holes are chosen
for the insertion of cemenled screws (Fip, 4123, Threaded studs will fiest
be used to locate the position of the coracaid plate and the surgeon shapes

the plate to conform with the coracoid process. The plate is then screwed
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Fizure 4.7: The Hybrid-Screw TSR assembly.

{ortical
coracoid
SCrEw

_.——-—Coracoid I
plate

Polished
cementing
SCrEw

ncemented

=

Co-Cr-Mo ball-""
female taper

Slot used to—
adjust coracoid

plate angle Section on A-4

Figure 4.8: Hybrid-Serew TSI glencid fixation.
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Figure 4.9: The Bayvley-Walker® glenoid component implanted in the scapula
(Ahir et al,, 2004). Note the thread protruding threugh the vanlt of the
glenoid.

into the coracoid process and the two threaded studs are removed from the
glenoid fixation plate. The screws are then cemented into the glenoid, with
the thread locking both the pegs and coracoid plate in position, resulting in

a rigid system.

The humeral compenent is then assemrbled and cemented into the humeral
canal ag deseribed in Section 5.2. The pext step is to aszemble the top half
of the UHMWTPE socket with the Co-Cr-Mo ball. Once this is cotirplete the
the taper on the proximal end of the ball is locked into place by the thread
at the proximal end of the taper {Fig. 4.7). The hallin-socket system is then
assembled and locked in place with a titanium cable as described in Section
4,1.1. The surgeon follows the same procedurs as undertaken in the final

steps of the Quad-Toint TSR implantation and finally closes the wound.
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Figure 4.10: The Central-Peg TSR assembly.

Cortical-
coracoid

---- Coracod
plate

olished

cementing Uncemented
acrew

Slot used to— Co-Cr-Mo ball-
adjust coracoid fernale taper
Platte angle Section on A-A

Figure 4.11: Central-Peg TSE glenocid fixatiow.
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Central-Peg TSR/
glenoid fixation plate glenoid fixation plate
Full-02-01 Full-01-01

Figure 4.12: The difference in glenoid fixation plates.

4.4 Central-IPcg TSR

The Central-Peg TSR (Fig. 4.10} is very shmilar to the Hybrid-Screw TSR in
design. The only component that differs is the glenoid fixatlon plate where
an un-cemented stem is used instead of a serew (Fig. 4.11). The result is the
need for only three threaded holes on the glenoid fixation plate (Fig. 4.12},
as the plate is not rotated. A central hole is drilled into the glenoid and the
ridged stem is fitted into the glenoid. This is followed by the same procedure
as the Hybrid-Screw THR (Section 4.3).

4.5 Summary

In this chapter, the assewmbly and function of the three TSR designs have
been discussed. The nexdt, chapter discusses the rationale behind the designs

and the positive and negative points of each design have been highlighted.
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Chapter 5

Discussion

The most important aspect of this report is to understand the rationale
behind each design. Each design is discussed under the same sub headings
as the previous chapter to facilitate referencing. The designs are discussed

on the basis of:
o Manufacture
e Surgical Assembly
e Mobility
e Strength and Failure

® Space

5.1 Design Similarities

The ball-in-socket, humeral fixation and modularity designs are discussed

first as they are used in all three TSR designs. A look at the overall TSR
designs follows.

5.1.1 Ball-in-Socket System

In using a ball-in-socket, a compromise must be made between the strength

versus the mobility of the system. As the mobility of the ball increases the

a1
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system becomes easier to dislocate. At the onset of the project a decision was
made to investigate a press-fit ball-in-socket link using a @20mm Co-Cr-Mo
ball, as this diameter offers a balance between space constraints and available

mobility.

Manufacture

Cutting either an internal or an external thread on the stem of the Co-Cr-
Mo ball is problematic, due to spherical accuracy. The UHMWPE socket
requires a specially designed cutter to produce the undercut necessary to

form the retaining lip (Appendix E, Equip-01-01).

Surgical Assembly

The assembly is locked together by a @1.65mm titanium cable fed into a mat-
ing groove, this design was generated by ISIQU Orthopedics. A stainless steel
cable could also be used as the galvanic couple between titanium and stain-
less steel does not accelerate corrosion under in vivo conditions (Buchanan
et al., 1978). The grooved assembly system proved easy to manufacture and

assemble. The other benefit of this system is the ease of disassembly.

Mobility

The stem of the ball and the shape of the socket dictates the amount of
mobility achieved. Incorporating these two factors, a system was designed
which allowed 90 degrees of mobility. This value was chosen as it was esti-

mated that the corresponding lip would produce the required retention force
(Appendix E, Full-03-00, View B).
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Strength and Failure

A press-fit ball-in-socket was first investigated. All calculations can be found
in Appendix B.

The report shown in Appendix B, proves the validity of the finite elément
model used. In light of this, a second ball-in-socket was developed which has
a split line to allow for assembly and tested using only finite element analysis
(FEA). The assembly of the split ball-in-socket design is explained in Section
4.1.1. Using a socket with an entrance diameter of 18mm provided a 1mm
retaining lip around the inside edge of the cup. The axial force needed for
the socket lip to undergo plastic deformation was 900N; axial separation of
the ball-in-socket took place at 1500N. The axial force necessary to produce
plastic deformation is 100V below the target value of 1000N. The decision
was made to keep the mobility at 90 degrees and maintain a retaining force of
900N . Going below 90 degrees of mobility is more dangerous than the 100NV
reduction in axial retention, as the risk of a dislocation due to a moment

increases with reduction in mobility.

Once an acceptable axial separation strength had been attained, further anal-
ysis was carried out in the area of cantilever strength and the point at which
plastic deformation takes place during the application of a moment. The
point at which plastic deformation took place on the rim of the socket during
a cantilever simulation was 2.5 Nm followed by plastic deformation on the -
lip of the socket at 15Nm (Appendix C). The UHMWPE shoulder on the
rim of the socket provides a shock absorption for the neck of the ball, as the
ball reaches maximum ROM. If the UHMWPE shoulder were not present,
metal on metal contact would occur between the Co-Cr-Mo neck and the

titanium housing producing metallic wear debris. It is uncertain if this is a
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major factor and whether the shoulder of the socket should be removed or

increased.

Co-Cr-Mo was chosen as the material for the ball, because it has superior
wear and fatigue properties. There was concern over the strength of the
@6mm neck, so a FEA was carried out. The results showed that the neck
would be able to support 126kg before plastic yield took place, as fatigue is
not a concern due to the limb being relatively immobile. A @6mm neck was

deemed safe. All calculations can be found in Appendix A.

There is a peg which spans the depth of both the socket halves and inserts
into the housing. Its purpose is to stop the rotation of the socket in the

housing and prevent wear on the inside of the titanium housing.
Space

Dr. G Vicatos specified that the thickness of the UHMWPE socket may not
go below 4mm. The 4mm wall thickness is necessary for both the dimensional
stability during machining and the cushioning of the ball-in-socket interface;
the wall provides the required space for the peg to stop the socket from
rotating in the housing. The wall thickness in turn defined the size of the
system together with the @20mm ball.

Summary

The ball-in-socket design has been optimized to produce 90 degrees of mobil-
ity at a stable axial force of 900N. A safety factor may be incorporated into
this value to make certain that the patient does not dislocate the prosthe-
sis. However, this is unlikely as the glenoid fixation is assumed to be weaker
than the ball-in-socket link. If a higher mobility or axial force is necessary,

an alternative to the ball-in-socket will have to be found.
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5.1.2 Humeral Fixation System

Humeral fixation is in many cases designed around the patient and the level
of humeral resection. A surgeon matches the size of the prosthesis using a
radiograph of the upper arm. The radiograph is also used to work out the
level of resection which is dependent on the size and shape of the cancerous

tumour.

Manufacture

If a Co-Cr-Mo humeral stem is used, the cutting of the locking thread be-
comes time consuming. There are six milled faces provided on the stem
for the locking of the taper and a standard 3 degree tapered stem is used

containing three flutes; see Appendix E for detailed manufacturing drawings.

Surgical Assembly

The system is easy to implant and surgeons are experienced in this procedure.
There are however some cases in which the surgeon may be concerned that
the condition of the humeral bone stock is poor and that the bone will not
be able to support a stand alone cemented stem. In these cases, plates are
fashioned at the end of the modular section (Fig. 4.3). The plates provide
support and are roughened so that the remaining bone is able to grow onto

the prosthesis which will strengthen the fixation.

Strength and Failure

This is not a major concern as clinical results have proven humeral fixation

is by far the strongest component of a constrained TSR.

Space

The space given to this component is dictated by the anatomy of the humerus.
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Summary

Humeral fixation designs are proven to be stable and engineeringly sound.
Thus the testing of the standard design used in this thesis is deemed unnec-

essary.

5.1.3 Modularity

All tapered sections are locked with a threaded section to ensure that the
taper will not release. Whether this is necessary is uncertain but without
musculature present to hold the limb in place, the risk is too great not to

include a locking mechanism.

Manufacture

Located at the end of the female taper is the thread used to lock the taper
in position. The diameters of both the Hybrid-Screw TSR and Central-Peg
TSR central screw and stem had to be increased to provide the space required

to accommodate the thread cutter used in producing the internal thread.

Surgical Assembly

Taper locks are sensitive to taper angle and shaft diameter. A 2mm travel
has been provided in which the tapers may fully engage. Two faces are
milled on the proximal humeral component and six on the stem. Using two
spanners, one on each set of faces, the surgeon is able to lock both tapers on

the humeral replacement (Fig. 4.4).

Strength and Failure

This is a robust system that provides a simple solution for modular systems.
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Space

The size of the titanium components are disproportionately large when com-
pared to the stresses the components undergo. They are thus over designed,

but are required to fill the void left by the tumour.

Summary

Modular components have been manufactured for years and there is little
concern of failure, especially with the backing of a threaded section locking

every taper.

5.2 Quad-Point TSR
The assembly drawing can be found in Appendix E, Drawing No. Full-03-00.

Surgical Assembly

The only foreseeable difficulty is the insertion of the socket into the housing

and the insertion of the locking ring.

Mobility

When implanted on a glenoid with 7 degrees of retroversion and 5 degrees
of tilt, the patient’s only major reduction in mobility is posterior reach, as
internal rotation of the ball-in-socket is limited. All calculated values of
mobility can be found in the specifications Table 3.1, pg.35.

Strength and Failure

The cemented central stem provides the initial glenoid fixation, supported by
two cortical screws. The holding power of bone screws generally decreases

with time (Hench and Ethridge, 1982). To combat this, the core of the
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cortical screw thread is sandblasted, to increase its roughness and promote
bone ingrowth. The back of the socket housing is roughened to provide for
bone ingrowth. The only problem with this design is the cortical screws are
free to rotate in the housing, allowing for micro motion. There are spinal
fixation products on the market which incorporate lockable screws with a 20
degree locating window. If these lockable cortical screws could be built into

the available space the design would be more attractive.

Two cortical screws are used to anchor the glenoid housing, unlike the Delta®
where four are used. Due to chemotherapy the bone structure is already
weakened and by drilling an extra two holes into the glenoid its strength is
greatly reduced. The extra fixation gained by the two cortical screws cannot

justify a possible glenoid fracture.

The coracoid plate provides extra stability and can be located within a 15
degree window (Fig. 4.6). It is made of 1mm thick titanium plate which
allows the surgeon to bend it into shape while in theatre. The flexibility of
the plate is regarded as a positive quality as this allows the prosthesis to flex
with the bone, preventing stress shielding and promoting bone growth. The
plate is fixed in place by the coracoid screw. This dome shaped cortical screw

gives the surgeon freedom to place the screw at a variety of angles .

‘The greatest benefit that the Quad-Point TSR offers, is that the centre of
rotation is placed 18mm from the glenoid face. This reduces the moment
transferred to the glenoid by a third, when comparing it to the other two de-
signs. Another positive is it is possible to incorporate the Hybrid-Screw TSR
and Central-Peg TSR glenoid fixation designs into the Quad-Point TSR de-
sign, this would be beneficial if one of the other glenoid fixation designs were

superior and the overall Quad-Point TSR design was regarded as superior.
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However, the reverse is not possible.

The other benefit the Quad-Point TSR has is that impingement does not
occur. Mechanical advantage is also a benefit as the main suture holes are
located 28mm from the center of rotation compared with the other designs’
18mm. This will improve the patient’s functionality if any muscle is attached

to these suture holes.

Space

The Quad-Point TSR provides for the most space saving design out of the
three designs discussed in this thesis.

Summary

The Quad-Point TSR has the following advantages; a lower moment applied
to the glenoid fixation, an increase in mechanical advantage for any reat-
tached muscle, a lower possibility of tissue impingement and the possibility
to incorporate of any of the three glenoid fixation methods into the socket
housing. The disadvantages are that the humeral axis lies 46mm from the
glenoid face compared to the 41.4mm of the other two designs. This increases

the amount of skin needed to cover the distal end of the wound.

5.3 Hybrid-Screw TSR

The assembly drawing can be found in Appendix E, Drawing No. Full-01-00.

Surgical Assembly

A possible problem during surgery is that the cement may be too viscous
during the insertion of the polished cemented screws (Fig. 4.8), thus prevent-

ing the required twisting of the screws needed for the thread to lock into the
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glenoid fixation plate. The surgeon will also have to be careful when locking
the taper on the stem of the ball as an equal and opposite moment will have

to be applied to the stem and glenoid plate.
Mobility
The mobility produced is the same as that produced for the Quad-Point TSR.

Strength and Failure

The partial central screw is promising as there are few of the worries asso-
ciated with the Bayley-Walker®. Splitting of the glenoid is more difficult
as the screw is only engaging at a depth of 17mm and the coracoid screw
prevents rotation of the central screw. The benefit of having a central screw
is that an interlocking of thread with cortical bone at the vault of the glenoid
takes place (Fig. 4.9).

A problem with the design is it requires the removal of a large volume of bone.
The cemented stems are also a concern as their focus is in the centre of the
glenoid thus reducing its structural strength. If the screws are angled the
design is improved. The problems that arise are; the difficulty of locking the
coracoid plate to the glenoid fixation plate and the occurrence of impingement
which would occur if the back of the cementing screws were to protrude any

future laterally.

There are faces milled onto the Co-Cr-Mo ball’s stem that interact with the

edge of the socket and these may increase wear.

Space

The design forces material to be used in the anatomical position of the deltoid

muscle, making closure of the wound more difficult.
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Summary

The Hybrid-Screw TSR together with the Quad-Point TSR have the most
promising glenoid fixation designs. The reverse ball-in-socket joint is not
the optimal solution when compared to the anatomical orientation of the

Quad-Point TSR. The reasons are all given in Section 5.2.

5.4 Central-Peg TSR

The assembly drawing can be found in Appendix E, Drawing No. Full-02-
00. The Central-Peg TSR uses the same reverse ball-in-socket design as the
Hybrid-Screw TSR, but the glenoid fixation is different. This is the weakest
of all three designs.

Surgical Assembly

The implantation of this design is easier, as the surgeon does not have to
line up holes when cementing outer screws into the glenoid. Also the glenoid

fixation plate does not have to be screwed in.

Strength and Failure

What this design lacks in predicted long term strength it makes up in sim-
plicity, as it is relatively easy to implant. If there is quality bone present it
may be better to preserve this bone. In that case the stem would have to
be customized and not be allowed to protrude from the glenoid vault. Initial
fixation is the key to success and this design may fulfil this criterion, thus

there would be a benefit in testing it.
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Summary

The design has been included for completeness, however its glenoid fixation

is of a lower standard than the Quad-Point TSR and the Hybrid-Screw TSR
designs.

5.5 Summary

Between the Quad-Point TSR and the Hybrid-Screw TSR it is uncertain
which of the two has a superior glenoid fixation. Using experimental methods
one can successfully determine which is superior and during the testing the

design may be optimized.

The Quad-Point TSR is the overall superior design, as the other glenoid fix-
ation systems can be incorporated within the design. The anatomical design
of the Quad-Point TSR results in many positives and very few negatives

when compared with the reverse ball-in-socket design of the Hybrid-Screw

TSR and the Central-Peg TSR.
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Conclusions

The two designs that stand out in the discussion are the Quad-Point TSR
and the Hybrid-Screw TSR. Of these two designs the author believes the
Quad-Point TSR is the superior joint replacement system for the following
reasons; the position of the Quad-Point’s rotational centre and the versatility

of its screw placements.

6.1 Glenoid Fixation

Fixation to the glenoid is problematic in cases where constrained total shoul-
der systems are used. The fixation designs have the potential to succeed,
however it is urged to proceed cautiously and use experimental technique to

find an optimal solution.

6.2 Ball-in-Socket System

The ball-in-socket system provides the largest ROM for the amount of space
it occupies. An alternative is to develop a dual spherical system, but this
may prove unnecessary as the patient will not be mobile enough to utilize
the extra ROM. The ROM generated by the split socket design is sufficient
for this application.

63
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The moment needed to induce plastic yield on the edge of the socket needs
to be increased. This would be possible through a small amount of redesign.
The overall performance of the socket is acceptable if the patient understands
the prosthesis limitations and takes care of his/her shoulder. This is not the

ideal solution, but a compromise of many contributing factors.

6.3 Humeral Fixation

The design of the humeral fixation is proven and should not be a cause of
failure, unless the humeral fixation has been compromised during surgery or

there is poor bone stock.
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Recommendations

It is recommended that the cementing screws used in the Hybrid-Screw TSR
and the Central-Peg TSR should be angled as this would access a larger
volume of bone for the purpose of fixation. Each cementing screw could also

be tapered with flutes and this would improve cement fixation.

The size of the prostheses should be optimized using a Sawbones #1050
scapula (Appendix D). This inexpensive synthetic scapula model, would
allow for more experimentation and in the long run would be beneficial in

allowing the world orthopedic community to relate to the prosthesis size.

The length and diameter of the Central-Peg TSR uncemented stem (Fig. 4.11)
may be too large. In order to produce optimal fixation the uncemented stem

may have to be reduced in size.

It is possible to medialise the central axis of the humeral component, this
will reduce the mechanical advantage of any muscle attached to the prothe-
sis. The resulting benefit is that the anatomical volume that the prosthesis

occupies, would be be reduced.

Instead of using domed cortical screws in the Quad-Point TSR design, a

position locking cortical screw could be incorporated which has a 20 degree
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window in which the screw can be positioned. Once the screw is in place a
second screw component locks it in position. These systems are used in spinal
orthopedic surgery. This addition would lock all the components together

meaking the fixation more secure.



Chapter 8
Future Work

There is potential for future work on this project. The work described in
this report is predominantly for the design phase of the project. There iy
still work to be done in the areas of prosthesis testing and the development

of custom tooling needed to implant the prosthesis successfully.

8.1 Testing Glenoid Fixation

The design process of this thesis culminated in two extremely viable glenoid
fixation designs. Now the performance of each desien with tespect to an
existing standard needs io be quantified. Depuy’s Delta® reverse shoulder
replacement would be & good standard with which to compare residts. The
prosthesis has been on Lhe markel since 1991, and it i3 possible Lo obtain &

used prosthesis for the purpose of reverse engineering.

In wvive studies are complex and there are ethical coneerns, but the most
glaring problem is subject variability, Cadaveric testing is possible but the
testing would not be carried out on a fixed geometry as every scapula is
unique. Complex FEA can be carried out incorporating bone remodeling,
These models are computationally expensive and in some cases only give

an insight into stress concentrations and bone remoedeling patterns, not the
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Figure 8.1: The scapula fixation test rig designed to mount onto a Zwick
materials tester. The arrows show an inferior and a superior load on the
glenoid.

loads at failure.

The author proposes the use of symthetic materials to simulate the scapula
bone structure as this approach has been used to test implants in both svn-
thetic ferours and tibias of the lower limb. Sawbones Paecific Laboratories
produces both the femur and tibia commercially, Unfortunately they do not
produce a synthetic scapula which simulates bone, but the company would
however split the costs of manufacturing a mould for this purpose. Another
alternative is to make one's own mould: all the materials required to do so

are standard.
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The author obtained ethics approval for the use of scapulae from unclaimed
corpses at the Salt River Mortuary (Appendix D). It was important to be use
un-embalmed bone as embalming chemicals destroy the natural properties of
bone and for this reason only fresh corpses from the morgue could be used for

testing. This facility was not utilized as there was a lack scapula available.

If these fixation experiments had been carried out, the results would have
been beneficial in validating a synthetic bone model. A test rig was designed
and built to clamp the scapulae in place on the Zwick tensile tester housed
at the Material Engineering Department at the University of Cape Town
(Fig. 8.1). All the drawings for the test rig can be found in Appendix E.

This is an exciting future project, since no papers have been found document-
ing initial fixation tests of a constrained total shoulder replacement. The
author believes initial fixation strength combined with future bone ingrowth
is the key to a successful constrained shoulder. Performing experiments de-

signed to test initial fixation strength could lead to a superior solution.

8.2 Operating Tooling

The other important aspect of every prosthesis is the tooling which supports
the prosthetic product. It ensures that the surgeon has a greater chance of
inserting the prosthesis correctly. As there is so much variability in oncology
cases, the surgeon may not use the designed tooling in every procedure, but it
is still important to make sure that gaps in the prosthesis tooling are closed.

This could be incorporated into an undergraduate project.



70

CHAPTER 8. FUTURE WORK



References

Ahir, S., Walker, P., Squire-Taylor, C., Blunn, G. and Bayley, J.: 2004,
Analysis of glenoid fixation for a reversed anatomy fixed-fulcrum shoul-
der replacement, Journal of Biomechanics 37, 1699-1708.

Aragon, P. and Hulbert, S.: 1972, Corrosion of ti-6al-4v in simulated body
fluids and bovine plasma., Journal of Biomedical Material Research.
6, 155—-164.

Barrett, W., Franklin, J., Jackins, S., Wyss, C. and Matsen III, F..
1987, Total shoulder arthroplasty, Journal of Bone Joint Surgery 69-
A (6), 865-872.

Bayley, 1. and Kessel, L. (eds): 1982, Shoulder Surgery., Springer-Verlag:
New York.

Boileau, P., Watkinson, D. J., Hatzidakis, A. M. and Balg, F.: 2005, Gram-
mont reverse prosthesis: Design, rationale, and biomechanics, Journal
of Shoulder and Elbow Surgery 14(18S), 1475-161S.

Boyd, A., Thomas, W., Scott, R., Sledge, C. and Thornhill, T.: 1990, Total
shoulder arthroplasty versus hemiarthroplasty., Journal of Arthroplasty
5 (4), 329-336.

Brostrom, L., Wallenstein, R., Olsson, E. and Anderton, D.: 1992, The kessel
prosthesis in shoulder arthroplasty., Clinical Orthopedics 277, 155.

Buchanan, S., Andrews, J. and Lemons, J.: 1978, Influence of carbon cou-
pling on the corrosion susceptibility of cast surgical colbalt-chromium
alloy., Biomedical Material Research Symposium 4, 149-150.

Buechel, F., Pappas, M. and Depalma, A.: 1978, “foating socket” total
shoulder replacement: Anotomical, biomechanical, and surgical ratio-
nal., Journal of Biomedical Material Research 12, 89-114.

71



72 REFERENCES

Churchill, R. S., Brems, J. J. and Kotschi, H.: 2001, Glenoid size, inclination,
and version: An anatomic study, Journal of Shoulder and Elbow Surgery
10 (4), 327-323.

Cofield, R.: 1977, Status of total shoulder arthroplasty., Arch Surgery
112, 1088-1091.

Cofield, R.: 1983, Unconstrained total shoulder prostheses., Clinical Ortho-
pedics 173, 97.

Collins, D.: 1953, Structural changes around nails and screws in human
bones., Journal of Pathological Bacteriol. 65, 109-121.

Davis, A., Bell, R. and Goodwin, P.: 1994, Prognostic factors in osteosar-
coma: A critical review., Journal of Clinical Oncology 12, 423-431.

Davis, J., Burke, D., O’Conner, D. and Harris, W.: 1987, Comparison of the
fatigue characteristics of centrifuged and uncentrifuged simplex-b bone
cement., Journal of Orthopedic Research 5, 366-371.

Evarts, C. (ed.): 1983, Surgery of the musculoskeletal system, Churchill Liv-
ingstone: New York.

Fenlin Jr, J.: 1975, Total glenohumeral joint replacement., Orthopedic Clinic
of North America 87, 565-583.

Field, L., Dines, D., Zabinski, S. and Warren, R.: 1997, Hemiarythroplasty
of the shoulder for rotator cuff arythroplasty., Journal of Shoulder and
Elbow Surgery 6, 18-23.

Grover, H.: 1966, Metal fatigue in some orthopedic implants., Journal of
Material 1, 413-424.

Gupta, S., van der Helm, F. and van Keulen, F.: 2004, Stress analysis of
cemented glenoid prostheses in total shoulder arthroplasty, Journal of
Biomechanics 11, 1777-1786.

Hench, L. and Ethridge, E.. 1982, Biomaterials : An Interfacial Approach,
New York : Academic Press.

Heughan, C. and Hunt, T. K.: 1975, Some aspects of wound healing research:
A review., Canada Journal of Surgery 18, 118-126.

Iannotti, J., Gabriel, J., Schneck, S., B.G., E. and Misra, S.: 1992, The
normal glenohumeral relationships., Journal of Bone and Joint Surgery
T4A, 491.



REFERENCES 73

Kelly, I., Foster, R. and Fisher, W.: 1987, Neer total shoulder replacement in
rheumatoid arthritis., Journal of Bone and Joint Surgery 698, 723-726.

Kolbel, R., Helbig, B. and Blauth, W. (eds): 1987, Shoulder Replacement.,
Springer-verlag: New York.

Lautenschlager, E., Moore, B. and Schoenfeld, C.: 1974, Physical characteris-
tics of setting of acrylic bone cements., Biomedical Material Symposium
5, 185-196.

Lee, H. and Turner, D.: 1977, Temperature control of a bone cement by addi-
tion of a crystalline monomer, Journal of Biomedical Material Research.
11, 671-676.

Leininger, R.: 1965, Plastics in surgical implants., American Society of Test-
ing Materials .

Lisagor, B.: 1975, Corrossion and fatigue of surgical implants., Standards
News ASTM 3, 20-24.

Lugli, T.: 1978, Atrificial shoulder joint by péan [1893]. the facts of an
exceptional intervention and prosthetic method., Clinical Orthopedics
133, 215-218.

McKee, G. K.: 1966, Developements in total hip joint replacement., Proceed-
ings - Institute of Mechanical Fngineering 181, 85-89.

Poppen, N. K. and Walker, P. S.: 1976, Normal and abnormal motion of the
shoulder., Journal of Bone and Joint Surgery 58A., 195.

Post, M. and Haskell, S.S. Jablon, M.: 1980, Total shoulder replacement with
a constrained prosthesis., Journal of Bone and Joint Surgery 62, 327-
335.

Rockwood Jr., C. A. and Matsen III, F. A. (eds): 1998a, The Shoulder, Vol. 1,
2nd edn, Saunders.

Rockwood Jr., C. A. and Matsen III, F. A. (eds): 1998b, The Shoulder,
Vol. 2, 2nd edn, Saunders.

Scales, T., Winter, G. and Shirley, H.: 1970, Facrors influencing prosthetic
procedures., Proceedings Royal Society of Medicine 63, 1111.

Shigly, J. E. and Mischke, C. R.: 1989, Mechanical Engineering Design, 5th
edn, McGraw-Hill.



74 REFERENCES

Stewart, M. and Kelly, I.: 1997, Total shoulder replacement in rheumatoid
disease., Journal of Bone and Joint Surgery 78-B(1), 68.

Watson, M. S. (ed.): 1990, Surgical Disorders of the Shoulder., Churchhill
Livingstone: Edinburgh.

Wilde, A., Borden, L. and Berms, J.: 1984, Surgery of the Shoulder, St.
Louis: CV Mosby, chapter Experiences with the Neer total shoulder
replacement, p. 224-228.

Wood, N., Kaminski, E. and Oglesby, R.: 1970, The significance of implant
shape in experimental testing of biological materials. disc vs. rod., Jour-
nal of Biomedical Material Research 4, 1-12.

Zadeh, H. and Calvert, P.: 1998, Recent advances in shoulder arthroplasty,
Current Orthopaedics 12, 122-134.

Zippel, J.: 1975, Luxationssichere schulterendoprosthese modell bme., Z Or-
thopedics 113, 454-457.



Bibliography

Andrews, L. R., Cofield, R. H. and O’Driscoll, S. W.: 2000, Shoulder arthro-
plasty in patients with prior mastectomy for breast cancer, Journal of
Shoulder Elbow Surgery 9 (5), 386-388.

Anglin, C., Tolhurst, P., Wyss, U. P. and Pichora, D. R.: 1999, Glenoid can-
cellous bone strength and modulus, Journal of Biomechanics 32, 1091-
1097.

Anglin, C., Wyss, U., Nyffeler, R. and Gerber, C.: 2001, Loosening perfor-
mance of cemented glenoid prosthesis design pairs, Clinical Biomechan-
ics 16, 144-150.

Anglin, C., Wyss, U. P. and Pichora, D. R.: 2000, Mechanical testing of
shoulder prostheses and recommendations for glenoid design, Journal of
Shoulder and Elbow Surgery 9(4), 323-331.

Biichler, P. and Farron, A.: 2004, Benefits of an anatomical reconstruction of
the humeral head during shoulder arthroplasty: a finite element analysis,
Clinical Biomechanics 19, 16-23.

Cachia, V. V., Shumway, D., Culbert, B. and Padget, M.: 2003, Mechanical
characteristics of the new bone-lok bi-cortical internal fixation device,
The Journal of Foot & Ankle Surgery 42 (6), 344-349.

Collins, D. and Harryman, T.: 1997, Arthroplasty for arthritis and rotator
cuff deficiency., Orthopaedic Clinics of North America 28 (2), 225.

Couteau, B., Mansat, P., Estivalezes, E., Darmana, R., Mansat, M. and
Egan, J.: 2001, Finite element analysis of the mechanical behavior of
a scapula implanted with a glenoid prosthesis, Clinical Biomechanics
16, 566-575.

Egol, K. A., Kubiak, E. N., Fulkerson, E., Kummer, F. J. and Koval, K. J.:
2004, Biomechanics of locked plates and screws, Journal of Orthopaedic
Trauma 18 (8), 488—493.

75



76 BIBLIOGRAPHY

Greene, W. B. and Heckman, J. D.: 1994, The clinical measurement of joint
motion, American Academy of Orthopaedic Surgeons.

Gupta, S., van der Helm, F. and van Keulen, F.: 2003, The possiblities of
uncemented glenoid component — a finite element study, Clinical Biome-
chanics 19, 292-302.

Hasan, S. S., Leith, J. M., Campbell, B., Kapil, R., Smith, K. L. and Mat-
sen III, F. A.: 2002, Characteristics of unsatisfactory shoulder arthro-
plasties, Journal of Shoulder and Elbow Surgery 11 (5), 431-441.

Hempfing, A., Leunig, M., Ballmer, F. T. and Hertel, R.: 2001, Surgical
landmarks to determine humeral head retrotorsion for hemiarthroplasty
in fractures, Journal of Shoulder and Elbow Surgery 10 (5), 460—463.

Kaufler, T., Amis, A. and Emery, R.: 1998, Analysis of a glenoid component
fixation designs in the rheumatoid scapula, 11th Conference of the ESB.

Kelly, A.: 2003, Design of a total shoulder/humerus replacement, Master’s
thesis, University if Cape Town, Department of Mechanical Engineering,.

Kelly, J. D. and Norris, T. R.: 2003, Decision making in glenohumeral arthro-
plasty, The Journal of Arthroplasty 18 (1), 75-82.

Kerner, J., Huiskes, R., van Lenthe, G., Weinans, H., van Rietbergen,
B., Engh, C. and Amis, A.: 1999, Correlation between pre-operative
periprosthetic bone density and post-operative bone loss in tha can
be explained by strain-adaptive remodelling, Journal of Biomechanics
32, 695-703.

Lacorix, D. and Prendergast, P.: 1998, 3d finite element analysis of of glenoid
prosthesis for total shoulder arthroplasty, 11th Conference of the ESB.

Lacroix, D. and Prendergast, P.: 1998, Stress analysis of glenoid compo-
nent designs for shoulder arthroplasty., Proceedings of the Institute of
Mechanical Engineers: Engineering in Medicine Part H, 211, 467.

Lewis, G., Fencl, R. M., Carroll, M. and Collins, T.: 2003, The relative
influence of five variables on the in vitro wear rate of uncrosslinked
uhmwpe acetabular cup liners, Biomaterials 24, 1925-1935.

Lo, I. K., Bishop, J. Y. and Flatow, E. L.: 2003, Revison shoulder arthro-
plasty after failed total shoulder arthroplasty, Operative Techniques in
Orthopaedics, 13 (4), 227-289.



BIBLIOGRAPHY 7

Maloney, W. J.: 2002, Common threads in hip, knee, and shoulder arthro-
plasty, The Journal of Arthroplasty 17 No. 4 Suppl. 1, 2.

Munnoch, D. A., Herbert, K. J., Morris, A. M. and Stevenson, J. H.: 1996,
The deltoid muscle flap: anatomical studies and case reports, British
Journal of Plastic Surgery 49, 310-314.

Murphy, L. A., Prendergast, P. J. and Resch, H.: 2001, Structural analysis
of an offset-keel design glenoid component compared with a center-keel
design, Journal of Shoulder and Elbow Surgery 10 (8), 568-579.

Nagels, J., Stokdijk, M. and Rozing, P. M.: 2003, Stress shielding and
bone resorption in shoulder arthroplasty, Journal of Shoulder and Elbow
Surgery 12 (1), 35-39.

Nicholson, G. P.: 2003, Tréatment of anterior superior shoulder iinstabil-
ity with a reverse ball and socket prosthesis, Operative Technigues in
Orthopaedics 13 (4), 235-241.

Nwakama, A. C., Cofield, R. H., Kavanagh, B. F. and Loehr, J. F.: 2000,
Semiconstrained total shoulder arthroplasty for glenohumeral arthritis
and massive rotator cuff tearing, Journal of Shoulder and Elbow Surgery
9 (4), 302-307.

Pearl, M. L., Kurutz, S., Robertson, D. D. and Yamaguchi, K.: 2002, Ge-
ometric analysis of selected press fit prosthetic systems for proximal
humeral replacement, Journal of Orthopaedic Research 20, 192-197.

Rittmeister, M. and Kerschbaumer, F.: 2001, Grammont reverse total shoul-
der arthroplasty in patients with rheumatoid arthritis and nonrecon-
structible rotator cuff lesions, Journal of Shoulder and Elbow Surgery
10 (1), 17-22.

Stein, H. L.: 1999, Ultra High Molecular Weight Polyethylene (UHMWPE),
ACMiInternational.

Stoffel, K., Dieter, U., Stachowiak, G., Géchter, A. and Kuster, M. S.: 2003,
Biomechanical testing of the lep — how can stability in locked internal
fixators be controlled?, International Journal of the Care of the Injured
34, S-B11 - S-B19.

Tamai, K., Hamada, J., Ohno, W. and Saotome, K.: 2002, Surgical anatomy
 of multipart fractures of the proximal humerus, Journal of Shoulder and
Elbow Surgery 11 (5), 421-427.



78 BIBLIOGRAPHY

Torchia, M. E., Cofield, R. H. and Settergren, C. R.: 1997, Total shoul-
der arthroplasty with the neer prosthesis: long-term results, Journal of
Shoulder and Elbow Surgery 6 (6), 495-505.

Ullman, D. G.: 1997, The Mechanical Design Process, 2nd edn, McGraw-Hill.

Viceconti, M., Muccini, R., Bernakiewicz, M., Balean, M. and Cristofolini,
L.: 2000, Large sliding elements accurately predict levels of bone-
implant micromotion relevant to ossoeintegration., Journal of Biome-
chanics 33, 1611.

Viceconti, M., Olsen, S. and Burton, K.: 2005, Extracting clinically relevant
data from finite element simulations, Clinical Biomechanics 20, 451-454.

Wagner, M.: 2003, General principles for the clinical use of the lep, Interna-
tional Journal of the Care of the Injured 34 (2), S-B31 — S-B42.

Warton, C.: 2002, The upper limb. Medical School in house anatomy text
book.



Appendix A
Ball Neck Strength
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A.1 Introduction

The @20mm Co-Cr-Mo ball that articulates with a UHMWPE socket is lo-
cated at the end of a stem; the ball and stem are machined as one, Fig. A.1(a).

Al



A2 APPENDIX A. BALL NECK STRENGTH CALCULATIONS

To create the largest window of mobility the neck of the stem is @6mm.
There was concern over its strength thus a simplified ABAQUS model was
generated to calculate the structure’s failure point, Fig. A.1(b). The results
are given in Table A.1 and the ABAQUS model was verified using simple
beam theory see Fig. A.2.

A.2 Method

The ABACUS model was created using 8-node linear brick elements and was
loaded using a pressure distribution P, with the centre of pressure located
19mm from the encased border, Fig.A.1(b). A Young’s Modulus of 200G Pa
and poisson’s ratio of 0.3 were used. The model was progressively loaded until
the Von Mises stress of an element reached the yielding point of the material;
this was defined as 830M Pa from Biomaterials Ltd. (Appendix D), Fig.A.3.
The deflection of the beam at 19mm and the pressure distribution converted
to force is given in Table A.1. A beam deflection calculation was then carried
out using the force calculated in ABACUS, and the resulting deflection was
then compared to the one generated by ABACUS. As the deflections are
very similar to the ABACUS model we can safely say the model is accurate

enough.

A.3 Results

Yielding of the Co-Cr-Mo was taken as the failure; this occurred at 2540N,
with a safety factor of 2 this becomes 1270N. This is an extremely high load
for a patient to place on their shoulder and would equate to carrying a 129kg

load in one hand.
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Figure A.1: Ball and stem representation: (a) ball and stem used in prosthe-
sis, (b) the simplified ABACUS stem.
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Figure A.2: Shear, moment, and deflection of beams (Shigly and Mischke,
1989, p.735).
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Table A.1: Calculated displacements using beam theory and ABAQUS,
round shafts of constant cross-section were used in the beam theory cal-
culations.

Test Method Force [N] | Displacement in y [mm)]
Beam Theory @8mm 2540 0.14
Beam Theory @7mm 2540 0.25
ABAQUS 2540 0.25
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Figure A.3: 3D ABAQUS neck test model.
A.4 Conclusion

The @6mm Co-Cr-Mo neck will not fail under normal loading and with
the high fatigue strength of Co-Cr-Mo and the relatively low loading that
a shoulder joint undergoes with no rotator cuff or deltoid, fatigue is not a

concertl.



B2 APPENDIX B. PRESS-FIT SOCKET REPORT

Tables

B.1 FEA dislocationforces . . . . . . . . v 0 i e e B8

B.1 Introduction

This appendix report deals with the testing of a design concept for the link.
The design is made up of a shallow socket into which a spherical ball is
pressed. Once this is complete, the coupled socket and ball are then in-
serted into a rigid housing and locked in place by a wire fed into a machined
groove (Fig. B.1). The housing constrains the socket and increases the force

necessary to dislocate the ball.

There is a finite maximum retention force that a press fitted joint can achieve
when working with a standard ball size. This maximum limit is set as a result
of plastic deformity taking place in the socket as the ridged ball is initially
pressed into the socket. The permanent plastic deformity that results is
undesirable as it compromises the long term life of the joint. The other
extremely important consideration is what will occur during the in vivo life
span of the joint. Wear is a major concern as even a small amount of wear in
the correct place will constitute an enormous increase in the risk of failure.
The upper limb also provides a long lever arm which when loaded at its
distal end creates a formidable moment on the shoulder joint and this has
been the main cause of failure for previous constrained TSR designs (Zadeh

and Calvert, 1998).

The main aim of this study is to find the maximum holding force of the

discussed design and determine the design’s controlling factors. The final
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Brass ball

Copper
locking ring

UHMWPE

sochet

Mild steel
cup housing

Figure B.1: Cross section of the ball-in-socket test joint held in the place by
a wire locking ring and the rigid steel housing,

aim 15 to find a suitable linking component for use in a constrained shoulder
joint that will fortify the encologist's arsenal in facilitating limb salvage where

miiscle loss in the joint area is a major factor.

B.2 Method

As space constramts are one of the deciding factors in the design of a shoulder
prosthesis, a @20mm diameter spherical ball was chosen as the test standard.
This is the smallest commercially available Co-Cr-Mo ball for use in medical
implants, The material used for the sockets was UHMWPE. as this is the
only biclogically compatible material suited for the design due to its good
wear propertics. The design was generated as follows; first rough ealeulations
were carried out using interference fit theory (Shigly and Mischke, 1988)
and then these values were used to formulate an analytical model using the

Finite Element Analysis (FEA) package ABAQUS (HKS, USA). Computer
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A

ﬂ 19.20mm @193{]“1”. 'Ej‘lg.‘lnmm
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Crossectional View
UHMWPE socket

Figure B.2: The chauge in shape of the socket as the entry dismeler increases.

simulations were carried out keeping the over-all dimensions of the sockel
constant, while changing the inlet diameter (Fig. B.2). This changed the
degree of plasticity the socket undergoes nnil an entry diameler was found
where the initial pressing in of the ball resulted in slight or zero residual
stresses, The data from the FEA simmlations was then nged (o design the
sockets thal were later experimentally tested on the Zwick tensile tester m

the UCT Materials Engineering Department.

B.2.1 Interference Fit Calculations

When two eylindrical parts are assembled by shrinking or press-fitting one
part upon another, A contact pressure is created betwoeen the two parts (Shigly
and Mischke, 19830, The stresses resndting from the conlact pressure can then

be calenlated using the equations lound in Shigly and Mischke [1989), pg.62
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Step 3

Rigid ball
UHMWPE
socket

Rigid socket
housing

Figure B.3: The FEA modeling set-up.

& 63. It is assumed that the the socket and ball are evlinders. The results
showed the UHMWEE would experience plasticity at an inner diameter of

@19 40, This information was then used in formulating the FEA model.

B.2.2 FEA Model

The model was made up of three components; a ball and housing both mod-
elled as rigid and the socket modelled as UHMWPE, with a Young's modulns
atrd Poisson's ratio of 0.8G Pa and .25, respectively. The point at which the
UHMWPE experienced plasticity was 22M Pa {Hench and Erhridge, 1982},
The svstemn was modelled as quasi-static where no dynamic influences were
taken into account. The avalysis procedure can be seen in Fig. B.3 where the
ball is pushed into the socket in Step 1. In Step 2 the rigid housing is moved
up to inease the socket and finally in Step 3 the ball begins to dislocate. The
poiuts that were monitored on the model were the reaction force on the hall

and the ball's position relative to the center of the socket. A temperature
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(b]

Figure B.4: Insertion of a ball into a socket using the Zwick compression
cradle {a) and the set-up of an empty cradle on the Zwick (h).

variation was not modelled.

B.2.3 Experimental Model

Once the FEA model was complete. an inlet diameter range hetween 218 . 85mm
and @19.55mn was selected for testing, as this would cover the range in
which plasticity was taking place in the FEA model. This range would also
give some extra room to explore what would happen when the UHMWPE

was experiencing plasticity on the initial insertion of the ball.

The manufacture of the sockets proved to be difficult, as a high machining
tolerance of five microns was necessary. This was achieved using the the
HURCUS 2000 PC lathe, in the Department of Mechanical Engineering at
UCT . A single extrusion of UHMWPE 230mm rod was used in the man-

ufacture, a specially designed lathe cutter was also needed {Appendix E).
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plate

Figure B.5; The Zwick test set-up.

The cutter made it possible to produce the undercut on the socket and it
was mamifactured by Schuurman Engineering using wire crosion to achieve
the high accuracy necessary, A @20.00man spherical brass ball was also ma-
chined on the HURCUS 2000 PC lathe. Brass was the chosen material as
it would be rigid enough for the testing and the softness of the brass would

ease the manufacture process and facilitate the high tolerances necessary.

The testing wag carried ont in two stages during a single week to limit testing
error.  All tests were carried out on the Zwick tensile tester in the UCT
Materials Engineering Department using the 10&N load cell. The test set-up
consisted of a compression cradle for the insertion of the ball into a socket
(Fig. B.4). The compression cradle allows the tester to be able to test in
tensile mode at all times. Testing in compression is more complicated and

can cause extrancous crrors to ereep into the data, especially when loads as
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Table B.1: I'EA dislocation forces

[ Tulet diamecter [mmm] | Dislocation force [V)
219.30 444
219.40 S46
214950 444

low as a 1605 are being measured. The ball is dipped into saline solution
prior to being inserted into the socket, This is to lubricate the system and
prevent unnecessary shearing damage on the socket during iusertion. Onee
the ball is juserted, the socket and ball link are removed from the compression
crawdle. The ball is then rotated In the socket to make sure that the inside
of the socket s [ully coated with saline salution as this replicates @n wivo
conditions.  The ball-in-socket is then inserted into a mild steel housing,
followed by the wire clip (Fig. B.5). The complete link system is then fitted
ta the Zwick using specifically designed couplings {Appendix E). The ball
is then dislocated from the socket and the two measurements talen are the
tensile force given by the load cell and the displacement of the Zwick cross

Lead.

3.3 Results

The results showed a good correlation between the analytical FEA model and
experimental data. There were however, marked differences in comparing
the shape of curves. The experimental results will always be explained with
regard to the PEA results as the FEA results have fewer external factors
influencing the onteome, The external factors present in the experimental

soet-up are the test rig, Diction and the presence of air.
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B.3.1 FEA Results

The resully showed a 300% iucrease iu holding sirength when the rigid hous-
ing was in place. Three sitnulations were carried out for the following inlet
diameters: @19 30mm, @19.40mm and &19.50mm. The 919 40mm was the
maximuni calculated inlet diameter before plasticity occurred om insertion
(Fig. B.2). There is 52N increase in the force necessary to dislocate Lhe
ball from Lhe socket by decreasing the wlel diamcler from @10 o
#18.40mm and another increaze of 48N from @19 4d0mrn to @ 19.30mm (s

Table B.1}. This is an almaost linear trend for those three Lest points.

1 he visual analysis of an analylical model is very helpful in the design process,
az long as Lhe limitations and model are well understood. Tn Fig, B.6 one can
gee the Hp of the socket nwdergoing plastic deformation at (he central area
where Lhie sockel has a lighl grey color. The image was caprured for an inlet
diameter of 219 40mim al the point of dislocalion. A visnal mepresentation
of the stress distribution throughoul Lhe sockel is helptul in improving the

desizn of socket shapes,

B.3.2 Experimental Results

The dislocation forces attained by the experimental results were in good cor-
relation with the FEA simulations, The factor thal created the dissimilar Lies
in the curve shapes was the presence of air in the experimental sel-np, Air
trapped inside the socket during the insertion of the ball becomes pressur-
ized, which increases the insertion foree necessary and shifts the experimental
curve down. While dislocaning the ball. a wicuum is formed in the socket.
This is shown in Lhe cxperimental resnlis by a dramatic increase in the re-
action foree in the first millimeter of the ball's displacement [Fig. B.&), The

other factor creating differenices in the results, is that in the FEA model the
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Figure B.6: A closer look at the sockets lip shows the FEA results as the ball
experiences its maximurn reaction force (generated in ABAQUS),

ball-in-socket 18 modelled as frictionless, whereas friction plays a role in the
physical experiment. Nevertheless, the anthor does not believe friction is the
primary contributing factor to the discrepancies between the FEA and phys-
ical results. Once the inlet diameter drops below @19.20mm there is a drop
of between 100V and 50N in the reaction force during the first millimeter of
displacement after which the normal shape of the curve resumes (Fig. B.7).
This may be explained by the presence of a sheer plane occurring and giv-
ing way, creating a reduction in the reaction force. Onee this has occurred,
large scale plastic deformation takes place and the reaction force once again
increases. This oceurs due to the larger lip which would transfer the reaction
force onto a hypothetical sheer plane lying on a 10mm radius taken from the

centre of the socket,



B.3. RESULTS B11

O p-memmees r LS . et |
E _— | ;
1 - —H1E 8 Exparimental
. —— #1904 Exparimental
500 +-------- cemmmnnaoa| = ow o= @E 12 Experimantal
= S— Experlmantaﬂ
ﬁ A0 4 --- R i o S LR =
=]
w
g
= 300 +-
L]
&
=
200
100 1
o - L
i} 1 2 2 4

Bisplacement [mm]

Figure B.7: The displacement of the ball v, 1he reaction force experienced
by the hall

13.3.3 Comparison of Results

When comparing the FEA and experimental data in Fig, B, there & a
negative 100N reaction foree on the ball in the FIEA simulations, however,
this s not prosent i Che experimental simulation, The negative reaction force
in FEA can only he from the reaction force the UHMWPE is applying on the
hall due to the elastic energy it has gained during the dislocation step. The
absence of this negative resction foree in the experimental results could be
explained by the play i the (csl 2ee-up. When the ball is in tension the play
i taken up and does nol inlluence the resalis, however, as the socket exerts a
negative reaction loree, only Zmem of play needs to exist in the system for the
negative reaction lorce nol to register on Lhe load cell. The matn conicern in

this cxperiment is the maximuim reaclion force on the ball during dislocation,
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Figure B.8: Displacement vs, reaction force showing both FEA and experi-
mental resulls.

tlns no atternpt wns made to remove the play o the systern and make the

test set-1up rigid.

The PEA data for the maximum reaction fovee during the break-out step
lies within the experimensal data ag scen in Fig. B9 This is an excellent
validation of the FEA model, Due to the prosence of alr in the experimental
set-up, the increased foree necessary for the nsertion step can be explained
by a pressurized pocket of air forming in the UHMWEPL socket. There is
tao little data present in the @18.85mnm and 21%.00mm range to make any
conclusive assertions for the Hattening of the maximum reaction force at

dizslocation.

The displacement the ball undergoes relative to the centre of the socket gives

insight into the consistency of the experimental data, while not only looking
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Fivure B.9: Comparing the maxitmum reaction force during the dislocation
of the ball, with the maximun force needed to push the ball into the soeket.

at the maximum break out force, In Fig. B. 10 one can sec a consistent break
out point at a mean displacement of 125 from the center of the socket at
entrance diameters below @19.30mmn. The scattering of the data for lavger
cratrance diameters could be explained by the longer inlet wall produced at
larger diameters see Fig. B.2. In the FEA simulation the ball dislocates
conzlztently at o displacement of L7hma from the conter of the zocket. As
there i3 o vacuwm forming in the experimental socket, the bread ont point i3
not ag distinet as the FEA break ont points and in many instances iz dragged

ont to shont the same point as the FEEA break out points as seen in Fig. B,

Ay the ball is pughed into the socket, the ball experiences a tegative meac-
tion force. There is a transition aren where the foree goes from posttive to
negative, Thiz iz the pont at which the socket begins to pull the ball mito
the housing as the lip elips the ball into place and Anally, the positive teac-

tion force disstpates and goes to zoro as the ball iz centralized in the socket
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Figure B.10: The pomt at which dislocation takes place relative to the center
of the ball vs the inlet diameter of the socket.

(Fig. B.11}. The differences in the experimental data and the FEA model are
hard to explain as there are many factors involved. The vse of a compression
cradle, the pocket of trapped air being pressurized in the socket and the play
that is present in the test rig could all influence the outeome of the data in

FCNE Way.,

B.4 Discussion

When validating an FEA model in future, the model eould include air, This
is however, computationally expensive and time-consuming. The other alter-
native would be to drill a hole in the base of the socket and housing small
enctgh not to influence the structural strength of either component and this

would allow the air to escape with ease, An increase in the strength of a
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Fimure B,11: The reaction foarece experienced on the FEA rigid hall,

press-fit socket can also be achieved by heatmg the UHMWTE socket before

the inscrtion of the Ladl

Temperature variation has not been taken inlo acconnt a8 an inlernal pros-
thesis functions at the i wwe temperature of 37'C. The testing has been
cartied oul at 21°C, thus the prosthesis would undergo a 16°C termporatiure
rize under in vivoe conditions. The thermal expansion may inllnence the re-
sults dramatically as the size of the lip only makes up 2% of the outside
dimmneter of the socket. It 18 possible Lo model Lhis change in temperature
nsimg FEA sinmlations and in the future redesign of the socket, this will be
factored inlo the simulation, The dislocation due to a moment will also be
caleulated and accornmodated for, as there is no need for the full mobility of
a healthy anatomical shoulder as the nmscle is not present o aceomrmiodate

Lhis movernent.
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B.5 Conclusions

The UHMWTE press-fit ball-in-socket doez not have enough retaining force
Lo be applicd In a constrained tolal shoulder replacement. An alternative
design is Lesiod in Appendix C using FEA. The correlation between the FEA
model and experimental results was extromaely good, amd fulure designs will

twr Lested using ouly FEA.
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C.1 Introduction

Iu the previcus press At socket report it was concluded that a dislocation
force of 400N was not sufficient for a constrained total shoulder replacement
(TSR). A new concept was generated to increase the dislocation foree, the
idea was to split the UHMWPE socket in two halves with the Co-Cr-Mo ball

being inserted from below instead of pressed in from above as seen Fig. (U1,

s&vﬁsgiit.: TELY UHMWPE
Bifge | sockels Rigid
Locking
Wire
e Rigid
Rigid \ Socket
CoCrMo Housing
Ball * o

ULL: Jok- BMTEYMMIRTC- M- RS, adb ABRQUSG S-enderd 6. 4-3 Wed hauy 01 1E:42:47 Soch Afric

Utepr ®ep-More Ball O71
ZHOTRNET J: scep Toae =
Priazr Waz: 5, Mises

Dafnrxal War T Dafarwasisen

-.3d

Ta BaTnr +1 Z00e4N7

Figure C.1: Axisymmetric model at the start of the simulation.

In using this method one can increase the size of the lip and in so doing,
increase the force needed to dislocate the ball. There are however drawbacks
to using this design. The first being a reduction in the range of motion of
the system and secondly, the split line ereates a point of weakness at which
wear could be increased on the UHMWPE socket. Appendix B compares

experimental results with FEA models. Oue of the conclusions reached is
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that the corrclation between FEA and the experimental data is good and

therefore it was declded to concentrate on the FEA modeling.

The new concept is modelled in both axisyinctric awd solid FEA clements.
The axisymmetric model incorporated the temperatore inerease duc to the
body being at 37°C. While the sclid model was generated to simulate the hall-
and-socket. dislocating under a moment, as this is the most unstable condition
to which the ball-and-socket is subjected, Moment dislocation can not be
maodelled using axisvinmoetric elements, as the problen is not symmetrical
around the ceutral axis. Using a solid model increases the complexity of
the simulation and one muast siinplify the model, to reduce computational

expense. All assnmptions awd simoplifications are given o section C.2,

C.2 Mecethod

The four models eenerated are lsted in Table C1. The effects of in wive
termperatire ot the system wis modelled vsing a simple axisyminetric model.
The result was a 2% inerease in dislocation force needed to produce yieliling
in the UHMWPE zsocket. In Fig, C.2 the reaction foree on the ball can be
seen st a toom temperatire of 21°C and an i wive temperature of 37°C
simulation. Ineluding temuperature changes inereases the complexity of the
model and 15 unnecessary in this case as the influence of temperature on the
dislocation foree is ondy 2%, Thus temperature was neglected in subsequent

selid moeels.

C.2.1 Tensile Dislocation Models

The: materisl propertics used for the models are given in Table C.2 and if more
information is required, the material data sheets can he found in Appendix

1D
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Figure C\.2: In vive temperature effects on a constrained UHMWEPL socke.

As the comnpuiational cost ol running the axisymmetric model was low, it
wis possible (o model the intevactions belween the rigid locking wire and
the UHMWTE socket as seen in Iig. C.3. The locking clip is made up of
analvtically rigid elements and its position i fixed. The interaction hetween
the UHMWPE socket and the locking clip are modelled as [rictionless, as
this 15 the most severe condition the two could nteracl under; [riction would
add rizidity to the svsienn The simnlation i made nup of Lhree steps: 10 step
1 the ball is inserted into the socket from below, in step 2 the housing is

moved Into posttion and locked, in step 3 the ball 15 dislocated by moving it

Tahle C.1: FEA models generated.
Model Tvpe | System Modelled Include 'l'enr]pirraturu Fiffects

Axtsymmegric i Pull out Mo
Axisyinmetric  Pull oul Yes
3D Solid Pull out No

31 Solid . ol Out No
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Figure C.3: Closer look at the modeling of Lhe locking clip in the in vivo
axisynunetric model.

vertically Grem and during this Iinecar motion the reaction foree on the hall is
calenlated (Fig. C.4}. The mteraciion between the housing surface and the

socket is also modelled as frictionless contact, as is the inleraction betwoeen

the hall-and-socket.

An axisvmmetric simulation carried out at room temperature was used to
locate a nodal point i the sockel where yielding of the malerial takes place
first. Onee this point was located, data was extracted from the nodal point.
Using this mformation and the reaction force on the ball, one can determine

at which reaction force vielding of the material takes place.

The solid model. used to simulate a dislocation under an applied moment,

whs also used to model dislocation of the ball and sockel under tension.
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Fizure C.4: Axisymmetric temperaiure model at the beginning of simulation.

Table C.2: Material properties.

Property Umits | UHMWTPE § TiBAI4Y | CoCrMo
Density o kg/m?* | 930 4420 8500
Coefficient of expansion a | m/m°C | 1.6 x 1077 | - =
Young's Modubys E GPa |08 116 200
Possions Ratio v - 0.25 0.3 0.3
Proof stress o, MPa |22 802 B30

This was done to compare the solid model and the axisymmetric model as
the latter had already been validated experiruentally. The same interactions

were used in both tension and moment dislocation siimilations.

C.2.2 Moment Dislacation Maodel

To reduce the complexity of the moment dislocation model, the interaction
between the rigid locking wire and the socket was not modelled. The sim-
ulation was also carried out in one step. The ball, housing and socket were
all preassembled and the single step carried out was the ball being rotated

0.2radians. The ball was able to maove vertically and laterally only; all other
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degrees of molion were constrained, This limited to what poing the ball conld
he dislacated sy it wonld become a free body once it lost contact with the
socket and the model would be cotne unstable. The interaction hetween the
socket aned ball, as well as the interaction between the hansing and socket
wore modelled ag hard frictionless contact. The lower outer wall of the top
half of the UHMWPE cup was lixed to the housing. This was because the

locking ring was naot odelled.

C.3 Results

The split socket had & 1255% increase in Lhe foree needed to produce yielding
in the socket. Using Fie. .5 the calenlated loree al which yield would take
place was 9000V in cotaparison to she proess (ot sockel system which dislocated
al 400, The constrained socket and press fit sockel systems produce a 90°
and 104° window of mobility respectively and the 13.5% rednction in mobility
14 Lthe trade off for a larger dislocation foree. Material vield ook place at the
same time around she locking ring and node C (Fig, Cl6(a)). I [riction was
modelled, it i3 sssumed that node C would be the [irst Lo experience yielding,
In Fig. C.6(b) one can see what the final shape of a full dislocated socket

looks Like in a axisymmetric FEA model.

There were two points of interest on the moment model; the poinl where
the stem contacts the rim of the socket Node B, and Node A where the ball
pushes against the lip of the sockel (Fig, C\7(a) and C.8{a)). Only 25Nm
was necded to canse the UHMWPE (o vield. Once the stem makes contact
with the Ti-BAT-4Y housing rim it beging to pivot on it (Fig. C.8(h)). Nade

A reaches plastic yield al 158w (Fig, C.9),
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C.4 Conclusions and Recommendations

The split socket concept i3 an improvement on the press-fit concept, however
the low moment of 15N m needed Lo produce plastic yicldimg on the lip is
worrying. Using a split socket it 18 possible Lo asscruble o metal on metal
prosthesis. This may solve the problern associated with UHMWIPE and the
livwr moment dislacation forces as a relatively small lip would produce & strong
constrained link, However, there wonld be other conecerns regarding impact

wear ot the lip and steru of the socket and ball, respectively .
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Surgical Steps
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Freoaraticn of the alenoid Inzartian of 1he Melaglans
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Introduction

Anatomical Anaomical
cenlre of ralakion

centre of rdatr

Figure 1

The Delea CTA™ Roverse Shoulder
System is indicated for the rrearment
of glenohumeral arthrics sehen it is
associated with ieparable rotator cuff
damage and where conventional total
shoulder arthroplasty may not be fully
cffoctive in restorng joint seapility with
an adoguate range of maovement,

The design avoids hiph shear forces
associated with unstable conventional
or hemi-arthroplasty, thet can cagse the
tmplant to-wear and loosen,

The Deslea CTA™ prosthetic geometry
reveries the ool relationship
hetween scapular and humeral
coanponents, moving the centre of
rotation medially aud distally v
incregse the lever arm length of the
deltoid] muscle (Figures 1amd 2.

Medialised
cerdre of rotation

Toure 2

This allivws the three mugscles inthe
dleltedid gromps B omnpensaee iy rotator
cuff deficiency, drawing the aticubating
surfaces topether to scabilise the joint
and allow as rear normial function

a5 possikle,



Pre-operative Planning Surgical Approach and Patient Positioning

L PSPPI |
fAEs, i ek,
e
Miguiz 3 Fugjurs 4
Anpinitial yssessemacat i muade of the The padient should be in the deck chadr
bone in che superior and inferior pesiticon, with the affectod arm completey
aspracts of the plenoid, using Frewes A vestinng cna suppor, Tiguee 41

ki gnaple: and O irmgging oocder
ek cletermine rhe suirabdity of the
pratent for weatment. The size of the
Llern el vaul is assessed o ensyre that
all fenar mctdslenc scrows can be placed
within glenoicl bons.

Pre-nperative planning is also cacied
T, using AF anl Larecal shoulder
sadigraphs of known magnedicaon,
and the availahle 1emnplare i cnfivem
thier siwees anel aligrirment of (he imiplan

(ligmre 3.



Superior Lateral Approach

Figure 3

The quality and ease of implatation
rehy oo a superior laceral appma{h
(Figure: 53, A delro-pectoral approach is
also appropriare and the choice depelids
mainky oo swrgeon preforence and
clinical paramerers. Revision surgery for
Instance usually dictates a delw-pectoral
approach as it allows for a longer
hunneral inclsion when faced with a
clifficult reonoenl of the humeral stem.
Used For classic rocator cuff repairs, the
supcrior kateral approach 2llows a clear
visualizarion of the glenold and
therefore facilitates greathy the
itnplantacion of the aenoid
romponcnts of the prosthesis,

The indsion is stacted at the level of the
A jeine, follows the anterior aspecr of
the acromion and finishes vertically
devenwarrds Far 4 con (Figure G).
Following subcutaneons dissection, the
anterlor and odddle delrdd muscle
buncibes are separted opposice the
lateral margin of the acromion, using
blunr dissection (the issecrion should
not extend beyvond 4 om from the
external aspoct of the acromion in
order 10 presecve the axillay nerve).
When the subacromial bursa is visible,
sgenele longiogeling] eraction dn Line wirly
the lioah wlll allow a rerractor 1o be

placed in the subsoromial space,

W

Figure B

The anterior deltoid is roleascd
sulypetinsteally from {15 acremial
insertion up to the AC joint,

The humcral head is then visible at the
antetior exdge of the acromion — the
subscrommlal bursa is remeved.

If necessary, exposure may now e
improved by dividing the AC ligament
ang] performing acroonloplasoe

The kmb is then externally rotared and
the heql 18 lislocated anverosuperiorly
ta facilicate positionlng of e cutting
guitle, If the biceps is still present, it
shoukd be renodentserd in the hicdpical
groove. Retain the teres minor anl

infraspdnarus when present.



Humeral Head Resection

Figure 7

Aty indtial enery hole 5 made in the
provimal humeras using an sawd,

I'he awl tip is centeed oser and in ling
with the long axls of the humerus, at
the {unction of de inratubercular
g g The acticulabimg surfage of
the fumeral head (Figure 7).

Figure B

The arlentatinn pin ¥ then passed
through the hole in the resection
guide corrcsponding to the desined
reteoversion (Figwre 847, Preforably;, dhils
will ke 07 since excessive rermversion
will resteict joinl mtanon, cspedally in
incormal rotatlon, Robovorsion is
calculated with reference to the axds nf
the Fupneral epicondyles (Fguve 5HE),

Orientation

Fin

Epicondyfar

Al

N
el B I et wm..u.mv‘.
AR

Fnpare: sh

The dpy of the cutting gulde i locaced
in the entry huile and the guide is
paxicd dommn the humeral canal wotil
it rozes on the humeral head.

With the humeral rescotlon guide dAm
Irszared ot the humeryd head, the
orcntation pin is aligned with the
cranscondylar azis (Figure 80,



Figura 9

The humeral head rescction is initiaed
i line with the inferor aspect af the
humeral cucting guide (1337, e
humeral cucting guide is removed and
the resection completed (Figone: 95,
The indeial resection removes 8 minimsl
ampint of bone, More bone may he

removed] if necessary

Aforked rerractor 15 passed under the
seapula o lewer the humerus, I this
prowices a clear slghe of the glenold
surface, the resectlon level is comect.
IF rear, @ furcher resecricn may be

carreed out,

Humeral Reaming

Sgurs 10

Starting with the smaktest diameter
dlistal reamer attached to: the T-Hauodle,
the distal humeral canal is reamesd in
limes with the long mds of the humeros
(Figure 105, The final reamer should
not exceed the remplated praxtooal
dlamerer (up o size 41. Reaming stops
when the Mange of the reamer is level
with the resection.

Power reaming should oot be used

to ream the hnmcerus,



Distal Humeral Reaming (Revisian Surgery)

Figure 11

If a long stem is o he implanted,

130 mm and 180 mm diaphyscal
reviskon reamers should be used in
confuncrkon with the ripgld reamers that
are includecd wathin the Deltg CTA™

s Instrumentaticn (Figure 11,

Tiv dedieecirs tor the regimers in the
Aocompanving table, 5 mm and 6 mm
diameter reamers are provided as

SEAT-A[ TEAINETS.

Diaphy=eal references

Reamer refcrences

Size 1, lenpth 150 mm (ref, DHRL1SH/I3HCLLSE)
Size 1, length 180 mm (ref. DHRT1SHDHC 1158)

7.5 mrm carmeter (ref, ALR 075)

Size 2, length 150 mm {ref. DHR215H/DHC2156)
Size 2, lengrh 180 mun (vef. DHRZ 1BH/DHCZ L8R

# o diwmeter (ref. ALR (08

Size 3, length 150 mm (ref. DHR315H/DHCA15R)
Size 3, length 150 mm (ref, DHE3 IRH/DHC3 18B)

& mm dlameter (ref, ALR (Y

Proximal Reamer Guide Assembly

Figure 12

The proximal reaming guide, 36 mm or
42 mm, corresponding oo the temphiped
epiphysts slze. is screwed to the orial
rftaphysedl stemn thar macches the distal
ceamer dinmeter The assemibly 18
mounted on the humeral stem impactor
and intenduced in line wich the kg

uwin of the humerus (Figure 12),



Proximal Humeral Reaming

o -,
-

k.

Figurz 13

The orlentation pin is passed through
the hole ki the impactor handle and
the previoushy selected version angle
is checked.

The assembly is wnjpacued nto the
hwmeral canal vndl the appoopelate
vrvark (3 o oo 42 ) en che dpactor
restches the level of the resecton

(Fizpere 137,

Figura 14

Retrowerston s agaln checked and

the impactor 18 remoiverd, leaving the
resteningg guice in place.

The appropriate stee of prosdmal himeral
ceamer, (36,1, 36,2 or 42.2 ) is
mounted on the 1= {andle.

The humerus is then resmed untl

the fange of the reamer is level with
the osteotmy, and contact is made

with cordeal bane {Flguee 14),

If neoessary, the reaming suide can be
insercd move deeply to ensur: that
the proximal reamer roaches the level
oof steotomy;

Reaming ks now complete and the
reatmer, reamer guide and trial steon

are exacted from the hamers,



Trial Humeral Implantation

Exposure of the Glenoid

S qurs 16

The tdal cpiphyseal component is
atrached 10 the wial diaphyseal stem,
and the assembly 18 mounted oma the

A forked reteactor Is positioned on the
axtlary margln of the scapula, under
the inferdor glenokd laboam, ta reflecr

bnneral sremn impactor (Figaee 15). the bumerus down or hackwaed,

It rnay he necessary 10 remove o welpe depending an the approach 1aken.

el e e i R B AN
e

af cordeal bone w accoanmockage the

Tavesal finon the epiphyseil Component.
The assemnbly 18 impacted into the

The labrum is excised and an extensive
periglenoid capsolatomy 18 perfoemed.

Any peripheral asteophytes shoold be
Sjygure 15 humerl canal. ensuring the diaphyscal

fin deaes not impinge wpon the lareral

cortex of the humeris. The humeral

remmenvetl to Testore the natuml
anatamic shape of the glenpid

(Figure 163,
stem impactor is then removed, lemving

the trial humeral componcns in place,

il



Figum 174

Tigunz 1¥EB

The majer and minor axes of the
glenoil yre then marked ysing
diathermy. The 2.3 mm guide (iin is
attached v the power ol and gnentry
point is creared just posterior and
inferior to the intersection of the axes
(Figure: 17AY. The location for this entry
polor may be checked wsing mdickraphic
and CT imaging combilned wich Xy
templates. It should be as inferior as
possible, while ensuring that sufide o
space is available to place the inferior

gorew in cancelious hone for its entire

leerygrtly.

Freparation of the Glenoid

Glanold Centanng Hole

The cannulaced stop drill is acached
to the power source and the glenoid
ceneecing hole is completed over the
pudde pin (Figure 176}

The glenoid rearmer is attached o the
povwer sowrce 2 e rearmer pilor
shait i introduoed ingo the glenoid
centring hole, In cases of osteoponotic
hone, hand reaming showld be used.

Enswre that the reamer is nnt in
contact with bone before applying
pHvwer since this may daomage

the: glenoid.

Gilersid Reaming

e 18

Thes glenoil is then regmes] uneil 5
smooth platform dewoicd of cactilage

is created for the Metdghene, with
sufficient depth to accommaodate its
peripheral fim (Figure 18}, The depth
should be checked before implantation
of the prosthesls. If sufficient peripheral
depily s not achievad, the glenosphere
will niot fully engage with the taper on
the: Metaglene, and further reaming
should be carried our unkil thes rey s
fully seated.



Implantation of the Metaglene

Leng Axis of he Glenaid

Figars 12

S oeEriar

AT —

Irtericr

- i -apal
il
a Sl

Figure 20

The Meciglens is available in cne size for
hath 30 mm and 42 mm Glenrspheres
atul iy implanted withoat coment.
Imitial, prirmary mechanicl stabifiny iy
prwided by the 4.5 mm diameter scrows,
When comrectly postrioned, the angled,
threaded screw hobes in the Meraglens
should be aligned superlocly and
inferiorly on the phenodd {Figuee 199

A renvision Metaglens is availabile gl
may be selecred for cases of sovete

ergwinn of the glenaid civity dm.

Inferior and Superior Screw Placement

= Superior Threaded

Heanl Screw

g
%

Infericr Threaded
Head S

The definitive Meraglene |s artached

trs thee bodder, with the diilfl guice
covering the inferior theeaded screw
hiale ey the fmplant, Check that the
Metazlend is aooucitely seated on the
holder.

The assembly is insered [nto thae
prepaved plenaid with the superior and
infericn hiles allgned wirh the Inng axds
af the ghencdd.

Cautinan: [t is imperative 1o use the
Metaglene halder to insert the
inferipr and superior screws.

The 34° angle between these two
screws is fixcd and cannot be altered.

12

-~ M_ Arterlar and Postenor
= Spherical Head Screws

Figure 21
Drlllng of Inderiar Hole

Once the Metaglene has e manually
aligned, the holder is mpped frmly so
that the tray is impacred flat onro the
prepared syrface of the glenoid,

It is important to ensure that the
Metaglene is fully scated, flag

on the prepared glenpid, before it
is scrcwed into position.

A delll bush 2 or 2.5 mm in diameter,
depending on che quality of bone,

15 then inserted into the dll guide,
The eorresponding tong drill
(AS273/A5274) Is selected, passed
thigagh the bush, and the infeclor
fixaticm hole 5 drilled (Flgure 21



Inferior and Superior Screw Placement

Figdre 22
Depth Messunament

Figure 23
Screw Placament

Laser etched depth markings on the
leanng rills can help when choosing the
st APPICIrANE SCrew lengrjlu_

A depth muge is also provided. T use
it, the: drill bush should be removed 1o
check the deprh of the sorew hole
(Figure 22},

Threaded head screws must be used for
the infericr and superior holes, The
spheric] head sorews ace designed foc
use onby with anteror and posterior Boles.

A threaded head screw of comesponding
kengeh ro the measured depeh is passed
thrrugh the drill gulde and screwed
inoo the inferior foadon hole.

The screw should be fully

tightemed at this stage {(Figure 23).

Figure 24
Dinlling of Saparlor Hole

The Metaglene holder is then gently
detached from the bearing tray and
med 180° o prepare the superior
focation hobe in che same way as thi
inferlor hole.

Iis depih ks measured and the
appropelate threaded head screw s
srrewed inun position (Figure 243,
again ensuning it is fully tighrened.



Anterior and Posterior Screw Placement

Mo 25
Anerior Hole Crilling

Figure 27
Zomew Placement

Figure 26
Drepth Measurarmen|

The: Metuglene holder is cemened and The anverior lole i drilbed using the
the: e hand dll guide of appropriate shioet ceills with depth markings

slec, 2.0 00 2.5 man, Ls kocared in the CMPGE20Y MPGE2S), The drll guide is
anteriar fisaton hale. Both anterior remened and the hole deprh measured
and pasterion soTew positions allow using the depth gauge (Fguee 26}

angulation of = 20 Idx:gree.s. The drill
Ruidc is used 10 ser the most apwoprate
angle o ensure that each sorew is Jocated
in relighle bone: stock (Figune 253,
Ereferential pesition is usually choson
by palpating the: anterior and poseedor
aspeects of the scapoda as wodl as
emmining the X-rays and CT scans.

14

Figure 23
Final Borew Tighiening

A spheric] bead sorewy is introduced,
andl part tigheened (Figere 27

The samc peocedure is fllewed o the
posterar serewl Boch aorews ane then
lverrgtely fally tghrened (Fgume 28,



Trial Reduction

Figure 23

The appropriae il glenosphere
36 mmumn o 42 pum) is seeached oo

the Meraglene. The corresponding
humeral cup trial is inserred

intw the homenl mial assembly

‘The shoulder &5 then reduced and
asscssend for @ full mnge of movemient,

Saft dasue ension s comect, when:

- The grin is palled dow and
outward, approxmately Smm of
humeral glenoid compament
SEPArAGoN i expected,

- The joint should retnalo stble when
the arm is adducred, with ne
indication of subluxation, Only a

Figure 30

small degree of superior lifi-off =
expocted in extrome adduction
{Figurc 2. The ift-off will
disappear during the som clovation
thanks 1o the deltoid contraction
and the jodnt surface will be

perfectly congruent (Hgure 304

T addjust joint ieasioning, the
lareralised cup is svallable in three
thicknesses (+3 mim, +6 mm, +9 nuon.
If further soit Hssue tenston is reguired,
a +9 mm metallic humeral spacer may
bes pit it hetween the epiphysis - and
the cup. Ir should then be atiached to

rhe tial epiplyseal component, using

15

the hemuonal hésil scrowdniver, In e
of musoular overtensioning, hmther
humneral bone resenticn inight be
perfemed. Additivnal juine stability
mery b achicved by imtnoducing
retontive, more constrainéd cup (+0
votontive, + 6 retcnive)

Howcver those retentive cups
should only be used in revision
CASER OF 10 Correct extrems
instability. If the humeral curt is
adequate, a lateralised cup will be
sufficient in the majority of cases,



Glenosphere Placement

Sae 52

A L5 mm guide pin is inserted through
the centeal hiode of the Metaglens
(Figunss 31 & 32).

The 3.5 mm cannulited screwddver is
engaged in the definitive Glenosphere
and guided over che LS mm guide pin.
Alter v of theee tams, the cnnukaed
sarewdnver is disengaged and the
plencid bearing i checked o ensure
that it s propery aligned.

The cmnulated screwdriver is then
re-engaged and the captive serew is
tightened until the glenoid bearing Flgure 33
closes on the taper of the bearing way
Purther impaction of the junction is
then obwined by gemly wpping the
glenasphere using the glencsphere
impactor aned Ugleening auain the
glenoaphere contral screw:

Care should be taken 1o ensure that the
glenoid beanng is fully locked unto the
bearing tray (Figure 33),

16



Humeral Implant Insertion

Flgure 34

The rrial humeral assembly is excracied
from the humerss, The corresponding
definlctve bumeral epiphyseal
component is arcached to the impactor
(Figure 347 The definiove diaplyseal
COMpOTent 5 sorewed 1 the
epiphyseal companent, The o
companents are then kocked tighe,

using the wrench and driver (Figure 35,

It is impowrrant (o ensure the two
counpoients are ighdy locked wosgether
1o meduce the chance of post opertive
disassembly;

If cementless components are selacted,

the sssembly is introduced in the

17

Flgure 35

approyrdare retroversion and che
asgembly 5 impacred inoe the

htwyeer] canal.

If the implane is to he cementead,

a syathetic cement restrictor or bone
phug is imtroduced into the diseal
humerl canal to resoice the passage of
cement, Cement ls m|ecied inco the
hurmeral canal and, when the cement ix
an ity gpproprite viscosity, the impkang
ansembhy i introduced in line wich the
bong axis of the humerus and in the
chosen verslon angle, Pressure is
mdntained i the nprodocer il the
cement is fully polymerised,



Humeral Implant Insertion Hemi-arthroplasty

14l rnrn TRt

Fiaurz 27

Figure 35 Figars 58
The definitive humeral cup is impacted Ingases of mra-operatlve fracoire
usitlg the cup impactor (Figuee 367 of the gleoid caviey, oe revision af
The jaine Is reducer? and a Anal the Drelta CTA™ glenoid, for example,
assessment of joint staliling and range a hemi-arthroplasty may be considered,
of movement is comied out, Intermediate metallic heads are

provided within the Delra CTA™ sysiem
to complete this procedures,

T epiphyseal diarncrers, 36 and 42 mm,
are avalible o standard aod + < pm
wffset (Gigure 373 The hemi heads can
fuer sssembledd efther Jdlrectly nnto the
epiphyss o aneo the meallic spacer.
These should Be intreadoced using the
humeral hearl impacior (Figure 38,

13



Closure

Once thee joint space 15 irvigarest and
cleared of delris, the anterior delidd

ig firmdy subred at che flbrous acrontal
PEriTHALT OT WSTE Tunsissenus stiches.
A drain s left in place.

Layered] closine of the soft tissyes
nocoally beads tooan adequate mnge

af mntion, without instahdlin:

Past-operative Management

Appropriace post-operaclve physiotherapy
i an irmpaortant Bactor in the outeome of
this procedune, since stability and
muafeliny nerw dheperic on the deliodd
alone, The phystothemapy progmamme,
whieh should be planned to sait the
imdlividusl patient, conssts of tan phases:
earty {& wecks) and late,

Two days after the operation the patient
can b mobile. This early phase is
dedicared to pentle and gradual meooveny
of the passive range of shoulder motion:
abduction of the scapuly, dorerir
elevarivn and medial and kceoal rotation,
An abducdon cushion may be used (o
relieve pressure on the dedtodd.
Physiotherapy is mainly perfoomed wich
the paticnt supine, passive and with koth
harnds holding a Tar that I8 manipualated
hy the comtralacaral hand, as described
hry Meer.

1%

The: pavient is encourgged (o wse the
affecred arm to eat and write but should
i calse the anm. [ conjunction wich
these exemises for scapulohurmeral
recovery, it is Important to steengthen
mgscle conmection with the scapula

in order to facilicare muscle and implant
funcrion, Passive exercise in the swimmdng
[l 8 recomimenicied 43 000 18 sears
begin o frmn.

After the sinth or sevench wesk, active
stremprhening movements muay De
gradually sdded o the programme.
These exerclzes, which closely follow
eveyelay activities, are perfoomed in 2
sirting o7 stanwding peosition, using
comwentional methods, with isometric
exerclses and resispnce Movements
Iecoming Increasingly impinrent.

A e of exercises for rhythmic
stabilizarion of the upper arm as well

as eceentrit worklng on lowerlng the
arms complete the strengrhening of

the muscles, Physiotherapy showld

b pecformeoed over g pedod of at least

six months,



Implants

EHC 3616
EH( 36028
EHC422R

EHR36TH
EHHE362H
EHE42EH

DHCO10B
DHC110B
DHC210B
LHC3108
DHC410B

PABROO0E
HRTT0H
DHE210H
DHRE3FIEH
DHEA0H

ACHLS3
FCHLES
FCHISS
4CITL342
CHLa42
ACHLGA2

HCHSUAGK
ACIS042R
4CHLA30R
4CHLe4IR

RTH23h
RTH2{2

TTHISE
TIH43G
TIHN42
TIH442

MGOO0ZH

GSC236
GHC22

VEM4524
YFM4530
VYEM 45548
YEM 4342
VTM4548
VEMASIH
VaME524
VM5 30
VEM4530
VEM4542

Cemenned Humeral Epiplivsis, 36,1
Cermenied Hurerval Epiphiysis, 362
Ceented Humeral Epiphysis, 42.2

Cementless Humeral Epiphysis, 36.1
Comentless Humera! Epiphysis, 36.2
Comentless Humeril Epiphysis, 42,2

#5mm Comented Humeoral Diaphysis, Size 0
H#6mm Cemented Humeoral Diaphysis, Swe T
#mm Cemented Humerd Diaphysis, Siee 2
Fmm Cemented Humeral Diaphysts, Slee 5
St Cemeneed Homeral Diaphysts, Seee 4

S5 Cementless Huomeral THaphysls, Slze 0
Sannmn Cementbess Humeral Diaphysls, Skee 1
Ao Cemenchess Humeral Dlaphysls, Size 2
9omum Cementless Humeral Dlaphysis, Sizc 3
1mm Cementless Humeral Disphysis, Sinc 1

Lateralised Humeral Cup, ¢34, + 3 mm
Lateralised Humeral Cuf, ¢34, + 6 mam
Laredalised Homeral Cop, @36, + 9 mm
Lateralized [Tuwneral Coup, @42, + 3 mm
Lateralized Humeral Cop, 642, 4+ 6 mm
Lateralised Humeral Cup, @42, + 2 mm

Medialised Roeentive Humeral Cup, @36, + 0mms R
Metliafised Betentive Humeral Cup, 942, + 0mms R
Lateralised Rerentve Humeral Cup, 930, + 6 mm/ R
Lateralise=d Retemive Humeral Cup, B42. + 6 mm/ R

Humeral Spacer, @36, + % mm
Humersl Spaccr, o442, + 2 mm

Humeral Head, 936, + ¢ mm
Themeval Head, @36, + 4 mam
Vhwmeral Head, 342, + inam
Huwmeral Head, @42, + 4 am

Standard Meraglens

Glenosphere Tia. 36 mom
Glenosphere Dia, 42 mm

Metaglene Screws. La. 4.5 x 24 mm (Thieeaded Head)
Metaglens Sorews, 13, 4.5 1 30 mm (Theeaded Tleads
Metaglene Screws, i 4.5 136 oun (Theeaded 1lesd)
Meraglene Screms, Dia, 4.5 % 42 oun (Thresded Head
Meraglens Serews, Dia, 45 x 44 mm (Threaded Headd
Meraglens Sorews, Dia, 4.5 x 14 mm (Spherical Heady
Metaglone Screwms, 1a, 4.9 x 24 mm (Spherical Tleady
Metaglene Screws, Dha, 4.5 x 30 muon (Spherical Head)
Meraghene Screws, Dig. 4.5 x 36 mun (Sphenical Head)
Metaglens Serews, [Ha 4.5 x 42 mm (Sphercal Head?y



Humeral Preparatiocn Instruments

GELI002
ARRKI

FPH3G1
FPHAG2
FPII422

FTII036N
FDIT136
FTal1236
FTIl1336
FII1436
FET142
FTIR1242
FEx 342
FLaH442

ITIH0A
EHFrIf1
EHFrIn2

GFP1345
GFP142

[GFO04
CLEG14

DHYION
DHF119
DHYE210
DHEND
D1iF410

EHF3&1
EHF362
EL{F432
KAI236
HEIT242

ASd0%
AZ204
AS468
AS467
As52a1
ASHGE

ASZGS
AS262
ASZ63
AS 2660

TEHO3G
TEHI42
TEIT436
TEIT442

Humweeil Eesection Giide
Orentation Fin

Prowdimal Humeral Reamer, 36,1
Proximal Humeral Beamer, 36,2
Proximal Humeral Reamer, 42.2

[Mstal Humeral RBeamer, Sixe 6 Dia, 30 mm
[ristal Hurmseral Beamer, Size 1, Dia, 36 mm
Distal Humeral Reamer, Size 2, DHa, 36 mm
Diistal Hlumeral Reamer, Size 3, Dia, 36 mm
[istal Flurmeral Reamer, Size 4, Dia. 36 mm
Dristal Flumeral Reamer, Size 1, Dia. 42 mm
Cristal Flummeral Reamer, Siee 2, Dia. 42 mm
Distal Flumeral Reamer, Size 3, Dda. 42 mm
Distal Flumeral Reamer, See 4, Dia. 42 mm

Tunveral Stem Impactos
Forked Rerracoor
Forked Rerrcior Large

Proximal Reamer CGuide, DHa, 36 mm
Proximal Beamer Guide, Dig, 42 mm

Roamer Guid: Tonpsactonfxtractor
Ciaphrseal Stem Locking Wrench

Humeral Diaphysis Tral, Size ()
Humeral Diaphysis Teial, Size 1
Humeral Diaphysis Thgl, Size 2
Humeral Diaphysis Thal, Size 3
Humeril Diaphwsts THal, Size 4

Hurmneral Epiphysis Trial, 36.1
Hurneral Epiphysis Trial, 36.2
Humeral Epiphysis Trial, $2.2
Humeral Spacer Teal, @36, + 9 mm
Humeral Spacer Trial, @42, + Y mm

Lateralised Humersal Cup 'lhal, @36, + 3 mm
Lateralised umeral Cup Teal, @36, + 6 mm
Lareralised ITumeral Cup Tial, 936, + % mm
Lateralized Hurneval Cup Trlal, @42, 4+ 3 mm
Lateralised Hurmeral Cup Trial. 942, + 6 mm
Lateralised [lumeral Cup Trial, @42, + 9 mum

Medialised Retentive Humeral Cup Tial, @36, + 0 mm /R
Medialised Retentive Humeral Cups Tial, 942, + Omm /R
Lateralised Retentive Fhameral Oupe Tesal, @36, + Gmm /R
Lateralized Retentive bhameral Qup Thel, @42, + Gmm /R

Humeral Head Trigl, 36, + 0 mm
Humeral Head Teal, @42, + 0 mm
Humeral Flegd Teal, @36, + 4 mm
Humeral Fegd Toial, @42, 4 4 um

|
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(Glenoid Preparation Instruments

A3260
AS26T

ATLTS
ARG

A

AZ2T]
AR2TI

GPMOZe
GPMEES

A6
ASRIT

MPGIED
MPGIS

ASITE
45274

SEDF011
ASFT
PR

EPTiH]
ERCO352

ASUT4

AS26R

.

Trays

ASBOT
ASE0G
ASHL2
ASH15

AR
ASROG
ASELS

ASEILL
ASRIY
A3E14
ASEI9

Ciigde Pin, THa, 2.5 mm
Cannulabed Stog drill

Glenoid Surfacing Rasp, Dia, 36 mm
Glenoid Surfacing Rasp, Dia, 42 mm

T-Handle

Dl Bush, Dia. 2.4 mm
Dl Bush, Dia. 2.5 mm

Dl Guidle, Tz, 2.0 mm
Dl Guidde, Dia. 2.5 mm

Long 54 Drill Bie, D, 2.0 mo (170 mme Lengeb
Lorg 54 Deill Bir, Dia 2,5 oo (1700 mim Length

Shovr AP Delll Bir, D, 2.0 mm {100 mm Lengrb
Shovr AP Drlll Bir, Dia. 2.5 mm {100 mm Lengrig

Glenosphere Trial, Dia, 36 mm
Glenasphere Tral, Tha. 42 pom

A.5 rram Hex, Head Screwdniver, Canmulaeed
Screw Depch Gangs
Srandarcl mpmactaor Foloker

Hurmetral Head Impactor
Humeral Cup Impacror

1.5 mm Guide Wire

Metaglens Hobder

Glenoid Ty Base
Glenoitc] "Trey Tnsert
Glernoi] Ty Licl
Gleneig] Tray Screw Rack

Humeral Tray 1 Base
Humeral Teay L Insert
Humeral Tray L Lid

Humeral Tay 2 Base
Humeral Tray 2 Insern
Humeral Thy X Lid
Tray Trsert for Cups

21
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Delia CTA™ Revision

Implants

DHC11SB
DHC215B
DHC3158
DIIC1151
DHC2151
DHC3 15

DHE115H
DHR2151T
DHE315H
DHR118HT
DHRZ1EHT
DHE31EH

MRCOOZTT

Instruments
ETHMNI
MOENH
MAIKH
II'HGS
TRPOAS
TEPO2S
ALRWIS
ALRWG
ALRITS
ALRHIS
ALRIHF

DHFLIS
DHF215
DHF315
DHFILH
[HFZ14
DHF314

AF2EH

Trays

ASIED
AS23]
ASITG

150 mm Revision Cernented Humeral Diaphysis, Size 1
150 mm Revision Cernented Humeral Diaphysls, Size 2
150 mrn Reviston Cernented Humeral Diaphesls, Size 3
1580 ram Revision Cernented Humeral Diaphysts, Sze 1
180 men Revision Cemenred Humersl Diaphysts, Siee 2
180 o Revision Cemented Humersl Diaphysts, Seee 3

150 i Revision Cementless Humeral Diaphysis, Siee 1
150 e Revision Cementless Humeral Diaphysis, Siee 2
150 mon Revision Ceomentless Humeral Diaphysis, Sice 3
180 e Beviston Cementless Humersd Diaphoyss, Siee 1
180 mon Revision Cementless Humeral Diaphysis, See 2
180 men Revision Cementiess Humeral Diaphysis, Siee 3

Revision Meraglene

Standar] Hameral Prosthesis Extractor
Extraction Hod

Slap Hammer

Srem Pxtracior

3.5 mm Hex. Head Screwdriver
2.5 mm Hex. Head Serewdover
Biaphyseal Reamer, THa. 5 mm
Biaphyseal Reamer, THa. 6 mm
Diaphyysen) Hewmer, THa, 7.5 mm
Biaphveses) Rearner, Dia, 8 mm
Diaphyseal Reamer, Dia, 9 mm

150 ram Long Humeral Ddaphysis Tial, Skze 1
150 murn Lotg Humeral Dlaphysis Tial, Skee 2
150 mrm Long Humeral Diaphysis Trial, Skee 3
141 mm Long Humeral Ciaphysis Trial, Size 1
140 mm Long Humeral Diaphysis Tial, Size 2
180 oen Lomg Hameral Tlaphysis Tial, Seee 3

Metaglens Extractonr

‘Trav Base
‘lray Insert
Lil

23









Complex revisions and salvapeloncology
surgeries present unique challenges
including reataching soft tissues, propetly
iensioning the glenchumeral joint, and
restoring [oint function, The Mosaic™
Systemn addresses these challenges with a
theee-piece modular humeral stem, providing
the maximum amaunt of customization in a
standard-line system.

Mosaic™ and B-Angoler® s raderrade of Biomet, Ine

The Mosaic™ Hurmemd Svstem was designed in
conjundtion with [ames. Bruekner, M.0.

Thes terhnigue 5 presantad to demanstcile e suaghcal
technique uldized by james Brucknes, MO, Biomet,
ax the manuiactuser of this device, does net practice
med icinie and does ot recomniend s oe anvy ofher
sumical technique for use on & specific patient, The
surgeon wha performs any progeuure iy espansible
busr determing g arad ulilizing e appropiale producs
ard tachniques for each indiv|dwal pationt, Bromet js
et responsitle ior selection of this appropriate surgled
tectnigues (o ke arilized foran individe | patienr,

Unigue instrumenta-
lion #llows far an
accurale resection
leved using & line-
to-line taling system
with an integrated
face reamer,




L s rg’hza[ overview

Str:P H

Preoperatively 1lan using the x-ray Semgnates,
Seeping in nung Lhat he replacrment range
pa 30160 I T0mm incroments.

step Z
Fariarmn g stanclard extonsile oncologic

approach to the proximal humeros and
shoulder.

st P &

Sark the anlerior [ecation on e bone jriar
to resection, Lsing the metal tenalate to
e dvadiidlle resection lengths, resect the
imvalvied bone (Figun 1;,

step &+

Rram the meslullary canal with the

Fapered reamers (Figare 21 002 nen diameter
incrernents wilh ceplh-gauge markers) ko the
ciesiract chizmeter (G5, B3, 1063, or 12.5mm!
anit lengrh (30, T, |50, or 200mm) of
intrarechelary &les Finuee 245

Thi rasps (not shownd may be used to pregane
the efistul hirmers dor he analosnic tapee of the
inlraiedullary sher shauled it peach the distal
frunere, These distal stem rasps have Geph
gougn markers g5 well o inceemenl indiaeter
by Trmin ithe inualant ncrements by Zrm,
sorplan accardingly). Wwhen using a stem
contralizer, cnsure that the candl i prepdeed o
bie 2irs Larger than be inplan] being s

step =

Choose the approprialely sized Lial, Sinee
all [Fals are si-el icentically with the coree-
spanding mplant, when allewing fara 2rim
cainenl inanlie, wse the next siqe farger tial.

Screw the Lrial slen adapter onto the desineg
trial stom and place in the ¥ cancl (Figures
4 & S FFdesived, the face reamer may be
usect ovel rhe teizl aclaphor ro carect any
malalignment in the initial homerd reseclion
[Fimures 4 & 4l Renpove lhe [z0e reamer
A acdapler for he next slep,

5t-:[_“? &

Lise the 3 5mim hex deiver o aitzch the
colar-cnded (Tzhle 1) sem [edee to the
comresponding triat stern (Figure 30,

Figure 4

fagure 33

R LS S Ty

Figire 2

Figurr 2a

s ——————
o U e B r e =i L

Fiure 4

Figure 3
Diamcter Color
G.Amim i fwier
RTHIH Sl
H.5mm Black
12.5mm Salron
14 5mis ey
Tabile 1

Figure 42
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Attach the desired segment thal to the stem
trial assembly by ustng the thumb whesl (and
breaker bar if necessary] (Figure 61 When using
the optional soft tsswe attachment sleeves, use
the slegve trials to determine the [ocation of
suture attachment sites. To do this, slide the
sleeye trial ower the segment tnal until the distal
ball plunger engages into the circurnlerential
groove, Alignment indentations {every 457)
can be felt as the sleeve tal is tumed on the
segment tral. (These correspond w0 dimples
on the final implant to 2asily replicate the
trlal orentation )

5teFa 8

Artach the desired proximal body trial B Fhe
stepn o segment trial usiog the 3.3mm hex
driver (Figure 7). On shorter resections, the
segrment will rot be used, In these cases,
the proximal body tral will be assemblbed
directly to the stem trial.

Place an appropriately sized head wial on
the proximal body trial assermbly and per-
formn a trial reduction (Figure 8]

Note: The dimple on the trial ledge indicates
anterior onentation and is aligned with the
anatomic taper at the distal end of the stem.
When these are aligned with the anterior mark
on the humerus, the implant is positioned at
407 retroversion, The comets on the 6.5mm
and 8.5mm diameter ledees indicane 4+~ 10°
while the corners on the 10.5mm ard 12, 3mm
digmeter ledges indlmte +5- 52,

step 2

Assemh|e the final implant to match the rial
using the respective impactors b secure the
Laper jundions, Locking screws are mguired af
all tapoy junciions, The small locking screw
is used at the stem'segment junction and the
large lncking screw is Used for b segment’
proimal boddy junction (Figure 9. The smalk
and large locking scrows are packaged with
each of the wegments. When a segment is nol
used 3 Big Head/Small Thread lodking screw
unites the stemvproximal body junction (Figure
Sa), This screw 15 packaged wilh =ach stem,

Cheose an aperopriately sized skem centralizer
and applicable cementing tedinique, This dovice
r+ inended for cemented applications ondy,

Figure &

Fisure 7

Mg 9a




< Fleven Bi-Angnlar”
fad sizes

Srricothy, rolinded
sulure holes on the

proximal body
Tiranium ailoey porous
coaling promates increased
Fimaticar and lunpesity

Thres-pisece modulardly
replaces S0- TG0 i
TOmm increments

Adjuzsable retroversion
(0= ) 10 for the
h.Amm snd B 3mim

Circumferangisk punus
coadting on the ledge of
diameters and 400 + - the insramedullany stem
8% for the 10.5mm and

12 5mm diametars)

Foisr intramedullary stem
lengths (30, 100, 150 and
200rnnn) in four diamepsers
(6.5, 8.5, 105 snd 12,5mm)
prorvide 4 todal of 16 stem options

Analomical by tapered —ﬁ
inttrarmedul lary stems ;
better accummodats
the distsl bumeral
canal gromety



e F eﬂ'ng information

Musaie™ Proximal Body . Mosaic™ Stem Centralizer Extra Locking Screw Saels |
Parl Mo. Trials Dresieriplion o Parl Moo Description _Part No. __i_ De;crip_t_iun
111000 450054 ! Standarnd . 111022 B, 30 150481 ! Diaplwseal
TN 405045 | +10 L &.53mim 1aita¥s ¢ Big Head! |
111002 405036 | +20 i 11104 10.5mm i Sl Threar
I 111023 L2 3mm Gl ;
Musaic™ Segment Trial Stemn Adapter Rasp
Parl “u. Trials Description 405058 405041 6, 5rmin
111003 AT BUrm e Z.3mnm
EnT - Face Reamer 05043 8.3mm
11t 4{7.::0.'18 i 'ICRTIrT S05044 b R
111003 4015013y 40T 405059 40'5045 165“""
. 305046 I 1.omim
T —hmmea— Humeral Head Diriver I05N4T 12 Smim
Mosaic™ Intramedotlary Slem 406514 HNGN4E 13 3mm
I 45044 14,3
Trials
Part Na L Description T-Handle For Reammiers
R o o g gl i, T Tt of e i, i T I 5
| s CSheim Ledre _ WL T aper lmpactur
111006 05005 [ AL .5 % Al ditRis2
Tmd | 403006 | 40503 | 5.5 « 10Hmm 3.5 Hex Diver
TIa08 | 405007 | 40503 | 6.5 « 150mn Mosaic ™85 Stem Impactor
1009 | 405008 | 405030 | 6.5 x 200mm CPa6036H -~ Short ——
1471247 long 4033
111010 AN5C09 | 405047 A5 x Stmm
041 | 303010 | 405031 | 55 s 100mm CrlindDeal Keamet Tapet Holder
T2 [ 205001 | 05031 ¢ 85 <1 50man = -
PUI03s | 405012 | 405031 . B5%2 473801 0.5mm St
2 310 Gy eI 475602 7 frim
14 [ 4050715 | 405032 1005 x 30mm 475803 Famim Mnsgic ™55 Steant Hokder
111015 AN5014 | S05081 LS x HHImem 475804 8 0mm 415055
111016 A0sU15 | 05032 ) 15w 350 | 475805 &.5mm )
111417 40506 | 35032 M3 % 200mm | 475806 4. {mm e :
. s ; i ; 475807 i Mosaic ™55 Provimal Body
VI8 4053007 [ 405033 | 125 x30mm 475R08 14 Chmimn Inserter
191019 405018 | 405033 | 123 i0mm TR 0 S gem—
111020 405019 | 405033 | 325 % [50mm ety il
11021 | 4050240 | 405033 | 12.3% 200mm anay 1 3mm '
: 475812 1 '-'.i.]mrn L BT BRI
i 4':"51:'2 1 4{:‘3[}29 1 4.5 Y 3[}ITII'I1 375813 1 E:ETTHI'I 32-4?1253
= A00022 1 403029 14,5 % 1 3Imm 375814 13 4rmm
= Sifitlon . MUANAE | 135501 alimi 4TS 13.5mmm Loaner Sets
- 405{'24.. f .‘.;.Gfumg : 4"’.@ jzgg:g } jg:::::: 99285 Insiruments
4 15 L9585 Impalants
ATRAR 15 4Irmm i
Bi-Angular® Humeral Head 475813 13.3mm Insleumen| Cases
Part N, Irials Description Medal Resection Templale Egg::; L{“m-&agﬂj f‘ R"I"‘*""""“'
mibl i ; 1 b
114022 41442 F 40 % 15mmn 45051 ;95149 B;gl,. g,_\ger'-l::e,_\r-:lf
114025 4144235 A0 x| 4 Hl_""dll.i. Triaals
114052 414415 | 44x15mm A-Ray Temphates SESTSN Impactor,
114053 4144710 44 % 19mm A05000 BARISL baiscellanpows Inst,
T14054 474424 44w Fimm
114024 414424 48 % 19mm Breaker Bar
114028 4344258 48 5 IRnm 403057
114029 4144%] 48 # 2Fmim m
114025 414420 52 2 19mm
1144026 4 HH 52 % Zhmm ; . _— i .
113037 414477 57 % FTmm CRTHOPEDICSH LNTC,

U0 Do J0F 0 arsawe, [R SGEI-0507 = 574267 0630
CR0GE Bicmet Crthopadics, e Al Rights Resera:d

worshs il

s BricaraeLoognm ®oehdail meigdiom com
Feier o Y=BAAT-TRETT 300200



Bio-Modular®/Bi-Polar
Shoulder Arthroplasty

Bi-Polar Features

Thie Bl Palag plumeral Niac is = Concentric contact with shoulder cavity, both

miarketech far yse 10 primary cases of
rekr - T Lary degenerative jodnt
disease, rheufmutnid ;:thri.l'.'rs, : + Potenbially less giﬂnuid~acr'nmial wear due to
ek of fevere nctior: z S "

detarmity and frarture. The deace is bi-rotational head/shell motion,

Intended Far Lse with a humeral steim
ir=artod Witk P=orie ceimncar (LISA]

subacromial and glenoid,

= Enhanced Lensioning of deltoid lever arm in

ratator culff deficient shoukders.
Nara o file ap Bioimet, Inc.

B Poshalar o 2 registered trackimark
of Biomet, Ino.
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Bi-Polar Hemi Arthroplasty

Prepare the humeral canal as specified in the Hio-Modular® Total Shoulder
System Lechnigue (Y-BMI-?608). Pasition the trial head ard shell cumponents
on the trial humeral stem or actual bumeral slem o mplant Lo determing the
proper fizck lenglh and shell sice. The top of the haad mwst project above the
grealer tuberusity to prevent Tuberosity-acromial impingement. Adequale sall
tisst@ tarsion must 4lso be restored, However, the compurient should not set
too proud or range of mation may be decreasad. rasulting in less than optimal
contact hetweaan the Bi-Polar shelt and the true glenoid,

Bi-Polar Head Assembly

Orwe the appropriate Bi-Polar head diameler and neck lenglh have been
astablishad, final component assembily can now ba parformed as follows:

1. Insert the metal locking ring infa the groove in the Bi-Polar shell. [Thisis
usually pre-assembled.)

2. Aftar Thoroughly cleansing and deymg the reverse mansa taper. place the
polyethylens locking ring over the cullar ot the stem, resting un the humeral
resaction line.

3. Place the 22 2mm inner Bi-Polar head through the pulyethylene locking ring
and into tha reverse morse taper. Impact tha head into the taper.

4, Place Lhe polyethylens inner liner uver the 22.2mm Dead,

5. Placa the outer shell ower the locking ringfinner linar assembly and snap
Lugether, The metal locking ring of the outer shell will snap (Nto the ouler
fronve on the polyethylens locking ring.

6. Should the prosthesis ever need Lo be removed, wse Lhe locking ring remuowval
tonl to disassemble the Bi-Polar components, and the removal ramp 1o
thsengage the modular head,

Reattach Lhe subscapularis with non-gbsorbable sutures. Then externally rolate
the arm to seae at what degree of external rotatinn the sutura line comes under
tersiors, This will be the maximum amount of extaridl wotation permitied
during thea first six weeks following surgery.

Cluse in o routine manner and apply a sling at the cunclusion of the procedure.

Bi-Polar Shell Components Bi-Polar Shell Trials

.00, {mm)
Port No.” | 0D/ID. 408400 10 x 22.2mm
113130 40 % 22 2mm 408402 44 % 22.2mm
113131 44 x 22.2mm 408404 48 % 22.2mm
112132 18 x 22.2mm 408406 52 x 22.2mm
113133 62 x 22.2mm

Bio-Modular/Bi-Polar
Modular Head Trials
Dva./Nack Lenglh {mm)

"[Includes tha palyethylane lacking ring)

Meotal Replacement Locking Rings

for Bi-Polar Shells 408474 22 2mm ! Stardard
bart No. | Dameter :gﬂgg %%2; mim :,’ 5 i
13171 | ddmm |
44mm a
113172 | 48mm o Polpx Losking Sing
13173 | 52mm D roend
408435 40mm

Bio-Modular®(Bi-Polar Modular Heads 408436 44mm

(Reverse Morse Taper) 408437 48mm
Part No DiaMenk Lengeh 408438 5Zmm
113143 27 2mm | Srandard
113144 22.2mm + P
113145 22 2mm o 4

L
-

Wital Ring

Falyathiylare Inrer Liner

Blomet. at s Aanuacminer af 0+ dedios, does
N2t pract ce Tedic e and daed 121 retammend
Ay partcuiar Sorgica taghenigue For L on &
spacific patnt, Th wirgeon who pertorems any
Pplaing pracedure |s epor e fu” deEming:
anel wtiiding e aparophiEte (dchinigiies for
inplalting e prciEne s In sach g Eual
patinnie, Floer s b noe o porsib for sRction
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BOng Lone

LCP: The Locking
Compression Plate System

R. Frigg. A. Frenh.

Bune [ractures Jead o a complex
tissne injury involving bolh the
bone and the surronnding soff Us-
sues. Trealed in 8 conservallve way,
fractures often resull o owialign-
ment or non-unons as owell ag
lead o siiftness of adjacemt jobnts.
To reduce the occurrence of these
proldems, open reducton and inter-
nal fixativn of the bone can be car-
ricil oul. The AQ has developed
these lechnigues and defined the
basic principles of internal fixaton.
Anatemlcal ceduction and stable
tnternai fixatfon with plates and
sorews has been a very successful
technique for the freamment of bone
fractures.

Goend beyne healing can also result
fromy relative stablfity, 2s koown
fronm comservative reaoments, as
well as froun experience with intra-
medullary nalls. The clinical out-
come {5 dependent on olaining
cotrect length, axis and rotation
of the fractured bone rather than
on precise anatomical reduction
and absolute sishility, To achieve
this, at the same time minimizing
the amount of additional soft-tissue
travuma, new surgical technigues for
the treatrment of molii-fregmented
riteta- and diaphyseal Fractures with
plates and sorews were developed,
These inclmde the bridge-pladng
technique and the Minimally Inva-

Fi. 2. LI55 Flate and scroa b shm
threaded hile/screw head.

sive Plaly Citeosynihesis (MIPO),
amd higve been wsed with promistng
eesulis [[-3].

However, same problemsin inter-
tal fixarkon with plates and screws
rermained unsohed. Three of those
wete Implant related and, therefore,
primanly technical fssues: primary
loss of reduction, secondary loss of
reduction, and compression of the
periosteum leading to a disturbance
of the cortical blood supply, see Fig,
la—.

Plate and screws systems where
the scrow can be locked in the
plate, so-ralled Locked Internal Fix-
ators, Wwere seerl as a selution o
these problems, Fig, 2. The plate
and sceews [ovm ane stable system
and the stability of the fracture is
dependant on the stffness of the
construct, Mo compression of the
plate umte the bone B neqUiced,
which reduces the sk of primary
losy of résduciion and preserves the
tene Mood supply. Locking the
sorew inia the piate 1o ensure angu-
far as well as axfal sability elimi-
niates the posstbllity for the screw
to toggie, siide, or be disledged and
thereby strongly reduces the risk
of postoperative loss of reduction.
Rased on the experiences sained
with the PC-Fix systern [4]. the



LISS TP and L1SS PLT SYELUTINS W
developed and baye shown very
promising cinleal resalts [5-7].

Several surgeons, in pardcular
Prof. Dr, M, Wasner from Vienna,
expressed the desire to have one
plate system with the possibility
fior the surgeon to choose intra-
operatively whethar 1o wse 1t with
conventional screws, with locked
acrews, of with a comblnatlon of
both. This problem was tackled by
A0 and led o the development of
the Combination Hole of the Lock-
ing Compression Plate, see Fig. 3a-c,
The first half of the hole comprises
2 Dymamic Compression Unit and
is intemded for a standard cortex or
cancello s late seTew. As it a slan-
dard Dynamite Compression Flawe,
ecoentric pre-deilling allnws axial
compression of the lraciure (o e
achieved. Furtherimnre, the screw
can bhe angulated, both Talerally
and longitudinally, respective to the
plate axis. The threaded half of the
hasle is comical and permits the lock-
g of the spedal Locking Head
Screwws (3.5 mm it dlameter foe the
LCP smal] fragmennt get and 5.0 mm
in diameter for the LCP large frag-
Ment seth.

The AQ Technical Commission
decided in first phase to implement
this ided an the farge and siwall frag-
ment pate systerns, withopt mnd-
ilying the overall design of the
cxisting plates. This was very chal-
lenghng—hug sunocessiul—teamwork
b rwvgat e A expert groups and
Technical Commuission, and the pro-
ducers, The AOTE has approved
otk the LOP 4,54 5.0 darge fragmenr
sysierm and LCP 3.5 small fragmen
systerm as standard producs. A new
mitestone from the AQ in the devel-
opment of plates and screws for the
new millenniuml

g, 3a-c Combi-hele, Combi-
hale with StarclSerew, Combi-
bl weith Locking Head Sorew
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#1701-37

#1051-8

51050

#1701-38 fiaag-1

UPPER EXTREMITY

1w Supita. large loft, Sofdfopagm. -~ 31150
1021-1 Scapula: Large L=ft. Solid white plaslic, $31.00
1021-20 | Scapula: large right. Sobd foam,. . B $11.50
1701-37 Scapula: Solid clear, Large left, €an be used for Product Ths;tiay. See page 65 for details, $77.15
LO50 Scapula: Large [eft. With vise attachment black. foam corlical shell. $15.75

1050-1 Scapula: Large l=ft WALh vise altachment block, Foam cortical shell with neaprene capsulrz. clear
qlenmd rimm and premﬂlded anchar hinlas, £43.00

thﬁ:le. Lenth 16 em. LETE]E ru;"lt Snlrd ’raam _________
 Clavicle: Solid clear. largg_ggf_f__ E;}I‘_I_l_}_t_‘ used For Product Display. See page 65 for details.

Humerus

Left Proximal
Description

]

16.25

A

1051
1051-6

Tys17 |

26

_Humerus: Proximal half. Large left. Foam cortical shell with cancelious. Canal diameter 9 mm

$8.50

Humerus: Proximal half. Large left. Foam cortical shell with cancellous. Canal diameter 9 mm,
_With neoprene supmsuinates tendan,

£22.75

Humerus: Freximal half. Large lsFt. Foam cortical shell with cancelious. Canal diameter 9 mm.
With clear inserl and replaceable neoprane H-.]arnerlt (#1051-8).

Models can be fractured or deformed to your specifications. Prices ava ifable Upon request.

549,25

Visit pur Web site for mare producis and online Info (@ wae Sawbones.com
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preservation requirements.

COMPOSITE BONES

omposite Bones are designed to sintulate the physical behavior of a human bone, providing an alternative

for cadaver bones in testing and research, Mechanical behavior of the composite bone material falls within
the range for cadaveric specimens. Composite bones have shown significantly tower variability in testing
compared to cadaverc specimens for all loading regimens, offering a more reliable test bed®?. Other
advantages of testing with Composite Bones include unlintited sample sizes with no special handling or

3rd Generation Camposite Bones

Sawbones 3rd Generation Composite Bone model natural cortical bone using a mixture of ¢lass fibers and
epoxy resin pressure injected around a foam core. The midshaft area has an intramedullary canat. Standard
bone models are manufactured with a solid rigid polyurethane foam cancellous core material. The dense cell
structure of the solid rigid polyurethane foam makes it slightly movre uniform in properties. The bones can be
manufactured using cellular rigid pelyurethane foam upon special request. Cellular rigid polyurethane foam is
visually more comparabte to natural cancelious bone with cell size ranging from 0.5-1.0 mm. Both the sofid
rgid and cellular rigid polyurethane foams have 95% closed cell structure,

Density

Average material properties:

Sirnulated Cortical Bone (E-Giass filted epox

Tensile
Strength | Modulus
[WPz) (MPa}
o 12,400

Lompressive
Stiength | Modulus
L O
12a 74600

Simulated Cancellous Bone (Rigid polyurethane foam)

Campressive
Demsity | Stength | Modulus
(g/cch [MFa} {MPzy
“Salid 0.27 4.8 104
“Cellular 0,32 TE 5

Custom Bone Modals

Custom banes and modifications are availabke upon request,

The 3rd Generation Composite Bone was developed to improve the composite bene physical behavior, increase
anatomic detail in the cortical wall and ease manufacturing difficulties of the 2nd Generation bone. The 2nd

generation hone will still be manufactured upon special request.

Supporting Composite Bone Data

For access to CAD models of some of our composile Likas and femurs, please see the fellowing Web site,

wiw, cipeca. it/hosted/ LTM-EOR /backs net,/158_mesh Asb_mesh.htmt

Sybetantial test data, regarding the mechanicat validalion of Lhe Femur and 1ibia models is available in the following documents,

1.0rstofolind, Luca (Universily of Bologna, Ttaby); Viceconti, Marco ; Cappells, Angelo and Toni, Aldo, Mechanical validation of
whole bone composite femur models. Jourse! of Siomechanics Vol 29 (1094), 525-535,

2.{ristofalini, Luca (Universily of Bolagna, Ilaly) and Vicecenti, Marco. Mechanical validation of whole bone compasite tibia

madels. Jourtiod of Biameachonics Wal, 13 (2000], pp, 279-285.

3, Heiner, Anneliese and Brown, Thomas. {University of Towa, USA]. Structural properties of a new design of compasite
replicate femurs and tthias. Jourmal of Bomechanics Vol 34 (2001), pp. 777-781,

72 Yisit our Web site foy mare products and online info G2 www sawiunos.com
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% | ANNUALBOOK oF
¥ ASTM STANDARDS

SECTION

K

Medical Devices

VCLUME

1 301 Medical Devices

Includes standards of the following committees:

F-4 on Medical and Surgical Materials and Devices
F-29 on Anesthetic and Respiratory Equipment
F-30 on Emergency Medical Services

F-31 on Health Care Services and Equipment
F-32 on Search and Rescue

Pukcation Code Number (PTNE 01-130183.54

ASTM 1916 Race Street. Phitadelphia, PA 19103-1187 USA ® (2151 299.5400 @ Twx' 710-670-1037 & FAX 215.877.9071)



QHIM Designation: F 543 - 92

Standard Specification for
Cortical Bone Screws’

This stavdany i+ swed Uncer the v cesignation F 543 the number immediately following the desipnation incicates the vear of
arginal adirptivn ot in the case of sevizon, the year of fast reviman. A aumber in purentheses indicates the year of last reapproval. A
superscripi epsifon 4o inticales an editerial change since the Wsl revislon ar reapgpravl,

Tl spoeifiedion fas et appeoved e e e agemeler of e Deparimunt of Deténse and foe Sarina in the Dol Tndey of Speetfications

sl Stasnefeiraly,

1. Seope

.1 This specification covers the acceptable materials,
fimsh, identificanon, dimensions, and tolerances for metal
cortical bone screws intended for use as surgical implants.

1.2 The values stated in (I.S. customary unils are 1o be
rezarded as the standard and SI (metnic) equivalents approx-
imate for Thread Tvpes I, [1, [11, apd V. The values stated in
S1 units are to be reganded as the standard and US.
customary equivalents approximate for Thread Type V.

2. Referenced Documents

20 ASTM Standards:

F 55 Specification for Stainless Steel Bar and Wire for
Surgical Implants

F 7 Specification for {inalloyed Titanium for Surgical
Implant Applications”

F 75 Specificaniyn for Cast Cobalt-Chromium-Molybde-
num Alloy for Surgical Impiant Applications’

F 86 Practice for Surfuce Preparation and Marking of
Metallic Surgical Implants®

F 90 Specification for Wrought Cobalt-Chromium-Tung-
sten-Nickel Alloy for Surgical Implant Applications®

F 116 Specification for Medicat Screwdriver Bits®

F [17 Test Method for Driving Tomue of Self-Tapping
Medical Bone Screws”

F 136 Specification for Wrought Titanium 6Al-4V ELI
Alloy for Surgical Implan: Apphicatiops”

F 138 Specification lor Stainless Steel Bar and Wire for
Surgical Implanis (Special Quality)

3. Classification

it This specification ipcludes the following heads for
hone screws:

il Type I—Single recess oval head.

3.0.2 Twpe I—Cruciate recess oval head,

The specficanen o uader the jurisdclion of ASTM Commines (4 on
Midical sre Surgical Mlsteriah apd Dovices. and & 1he disct respomsibality of
Sabcomminees FIM.21 an Ceizatynihesis,

"Curreat edizion approved Feb 15, 1952 Pahlshes fone 1992, Ongnally
Fahlabied as F 543 - 77, Lan previous editios F 543 -R2

= Ammwad Bovk of ASTM Standendi, Vol 2361,

43

{ype fIf—Slatted Phitlips recess oval head.
Type S—Phillips recess oval head.
Tipe ¥—Hexagonal recess oval head.
.2 This specification includes the following threads for
bune screws:
3.21 Class A—No. 4M bone screw thread.
322 Class B No, 6M bone screw thread.
323 Class € No. 6.3M bone screw thread.
324 Class D—Na. TM bone screw thread,
123 Class E——No. BM bone screw thread.
3.2.6 Class F—Werie threads.

4, Marterial

4.1 Bone screws conforming to this specification shall be
supplied from materials conforming to the following specifi-
catlons: B 55, F&7, F75 F90, F 136, and F 138,

3. IMmensions and Tolerances

5.1 Bone-screw heads conforming te this specification
shall be fshricated in accordance with the dimensions and
tolerapces shown in the respective figures 1ndicated,

5.1.1 Type i=Fig 1.

5.12 Tvpe iI—Fig. 2.

5.1.3 Type IH—Fig 3.

3.1.4 Twpe IV—Fip. 4.

5.L.5 Twpe ¥ —Fiz 5.

5.2 Bone screw threads conforming to this specification
shall be fabricated m accordance with the dimensions and
tolerances shown in the tables indicated,

341 Cluss 4. B, C. D. and F—Table |.

522 Class F—Table 2.

5.3 Tolerances.

231 Unspecified tolerances for Figs. | through 3 are as
fallows;

33
KN
s
3

Decimal = Q415 tn. 50,13 man
Fraction 2 5 bn, (G4 quph
Angle + ] dep
Mewric + 05 mm (D019 1n.)
6. Finish and Identification
6.1 Bone screws conforming o this specificution shall be
fimshed in accordance with Practice F B6.
6.2 Bone scrows shall have no shurp extenior edges except
whee a sharp edse provides a functional purpose.



4k Fs543

e, "
B, o N | O | it S Ty iy ¥
. Brak - % hrerl

i BT I S

o ———TLLCT T LGRGTH H ik o _‘ R =]
e

I—-ﬂrll . LR W e S

nelAs o

UETIOAAL
AN A KIH

LhMaln

More 1—5Sar Deoth—5ke shall penemrate to S30E edge wicth fminimom) but shaft not aersect bekww bottom of edge.
MaoTE 2—aAll dimensions given shall 2poly £qually to Claea 4, B, C, 0, ant E Bone soraws.

FiG. 1 Oval Head Single 5/ot Recess Clasa & B, C, D, and E Bone Scrows
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Mate 1-—Cauckte stot shall nad intersect below battarn of sdoge.
Mote 2—All dirensiong gven shal 2poly squelly o Class A, B, C, D. and E Bone sorews.
MOTE d-—Seot mast ba perpendicular to £0.001S in. {0080 mm) srd centered ta £0.010In. {£. 258 aim).

FIh, 2 Owval Head Cruclate Recess Class &, B, ©, D, andd E Bone Screws
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NoTte 1—Sat Depth—Single slod shall penelate 19 30 % edue width (rinimum ) Tut shail not inlergect below botam: af edg.
NGTE 2--All dimensions given shal 2pply equally to Class A, B, C, 0, and E Bong scraws.

FIG. & Owval Mead Slotted Phillips Recess Clazs A, B, €, D, and £ Bone Scrows

PR | TLAF N RN :.:
r SRR pn :

—— e A i T,

R e e B -l
L L =]

IS ‘

kb AL LLAG T 4 0 Lme i i |

MeTE-—AF dimensiane Qvan shall apply equaty fo 2.7 mm, 3.5 pwn, mednc thread screws.
FIG. 4 Owal Head Phillips Recess 2.¥ mm, 3.5 mm Bone Scrows
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MoTE-- Pilpt hale sha | not perevrate more shan 3 % of head, Bew shas peneirae ab leagt 50 % of e ailot role,
Fls, 5 ©Qwal Head Hexagonal Recess 4.5 mm

TABLE 1 Inch Threads—Dimensions and Tolerances {s2e Fig. &)

: k' aicar Dra'neter Mingr Ciameaie: Therads
i = In. mm i i Der inch
2 ard ci12 284 C.uf2 204 24
TG 275 [T full
= B .4 3,56 104 =.E4 21, 32
A T4 (BT 749
i E &M 048 71 .5GE g;E‘.:] 2
1dE 56t oz R
o 7 0138 545 118 3.00 .1
T 585 e 204
3 amM 0,155 482 0127 32 20
WRED] 408 [ 4] 3.07

n o
LeeoLPLa

— S e (12T A, =

/— MY irm .Y 3200, | Apdica, man.

LEREIH #hfmmiggl.q | - S

TABLE 2 Metric Theeads—=Dimenslons and Tolerancesa

{see F:-:_: &)

.Ma.;&r Ehamens : T

B [TIFTR (1 MM
IRRL 280 C.0H3 214
12 B 087 1.70 10
{3,742 360 0083 &M 3
miat Tan Yi7d i5 175
0.143 150 .595 245 1.25
Lo .40 aNiLT 255 TFh
Bt 4.E0 0122 313
R 1, a1z LT P75

TR A 8 (el DR T AN -

FIG. § <Corlical Bane Screw Threads
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Thiz standard is sutyect 10 revisicn & any Jme by the regponi e iachnica commibes amg muest 0E reviewsd evary kg pegrs and
o Al ST, BERA2 FAZROrOVET Or wiritdeavat, ¥our COmments are wieded giee for rpviion of i SLaNAurd o fur agchiiogal standards
and show'd be addressed 0 A5 T Meadguatars, Your somments will receive careful cursigaranion 41 g meatng of the resmanmble
MEChriR) SOrYTTEe, weh yan may amend, [f pod fage feat vaur SOMdteels Save ndl recdver A 3 heaneg pod shousd make pour
wiEwes ko B 6 ASTM Dortenites of Sianderds, 1906 Roce 30, Prilaoepniz 24 13105



Properties of plastics
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Bengily, £rm, 0.95 G.85 K- | DaE3 Q.85
101183 - e ! :
Yield slrass, MP3, 22 c22 Es ! 22 *x e
DiN EN 150 527 . : ; . :
E‘nngndnn at yisla. % 9 P2 B T R -
DH".' ‘:’\I JSD ....-3? ] i 1 !
‘Eiongaten at beezk, %, | 300 200 500 350 &0 .
OINENmOST : L i T
TensileEmedulus, MPa,  BOO . B0 ! 880 1 500 ' 1100
iculato Ll d ok, : . - ;
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CUSTOMER:CUR CACLENT

UNIVERSITY OF CAPE TOWN

INSPECTION CERTIFICATE
ABNAHMEPRUFZEUGNIS
CERTIFICAT DE RECEPTION

MECHANICAL ENGINEERING DEPARTMENT

ROUNDEBOSCH 771
SOUTH AFRICA

BICMATERIALS®

BECKLANDS CLOSE

BAR LANE ENBUSTRIAL ESTATE
ROECLIFFE. RORQUGHBRIDGE
NORTH YORKSHIRE.

YOE YR

Farm Mo T -3{1} . lssue M | Cert MadSaTT [ate: IBOT 2003
TOUR DRBER NUMBER DATH: DELIYERY MOTE Na: DATE: . IR REFEREMNCE: 1
IHPE BESTELL »7 OATU Z1T LIERATA ZOEN Y DA M3 L7 KCAANE i
WOTRE DO a0 DA ALCANTI O EXMEDITI N NATE ' OWNDTRE RPFTERMC S :
Fa6d534 2T03.63 7 15,0703 i WA 105%6 __
PRODUCT: &M TITANTUM ALLOY EL] SPECIFICATION:  ASTM F135-28 f
AR ISR | EEERBRLIT i GEN
*RODUAT STTRGICAL IMPLANT GRADE COMDENON 0E WvRasas  BS T252-150 5837-3 1997
ITEM: § QUANTITY: | DIMENIONS {mmp: | WEIGHT: | CAST: CONDITION: l
P ! AHZAHL | ABMESSLMCER U oaanE BCAMELEEN Mt LIEFERTLET A :
AT § AOMBRE | Oz e ' lAASIE KR COLLEE SR E=aT DE LIVRAISaN i
: . f: ’
i 30OFF .’ 0 WM MAMETER X 1000 MM j [ Cunze ANNEALED GROUND ;
| | | |
! ; ‘ :
TTEM: | CASE:  CHEMICAL COMPOSITION | CHEMISCHE ZUSAMMENSETZUNG / COMPOSITION CHIMIQUE
PO SCHMILTEN R |
3STE COLEAE NR i
Y ¥ | Es LT N 0 _: B i !
i ! : :
I i : | 1 i :
: : i ' :
: I CUTITIR | f.l2 400 i 847 0.0 005 0.10% 0.503 ; H g :
: ; i |
: : : I :I I
: : . 5 | . | !
{ ITEM: | TEST Ne: - MIECHANICAL PROPERTIES ¢ MECHANISCHE PRUFUNG | CARACTERISTIQUES MEC ANIQUES @
o SRRONETNS T R Rel Rm Y z A R R
| PROGFETRESE Lt TENSILE ILOMGATION % | AEDGEAREA % | HAR NERBSCHLAGARBETT
CRHLHIH LN I STRENGTE STROHCTH EHACTE EHuLa] LEIEHLS . il
| HEmeLme | meoacn namamag ALLOMTEYTOT i DLRETE RESILIENCE
ARARERTE e TN # !
. I i
B . 892 975 l 1.0 By l
i !
, | : |
| !

REMARRKS: BEMERKUNGEN /| AENLARGIES

GRAIN S1ZE: 10
MICRG TEST: PASS
BETA TRANIUE; 9%45/%70°C

WE HEREY CERTLFY. THAT [HE WHOLE OF THE 3UPFLIES OF QUL ED ABDYE COMPLY
WITH THE TERYS OF THE OROEH CONFTRACT N0 LML ESS OTHER % ISE 574 ED ANE
COYERED BY THE SOURCE™S CERTIFICATE OF CONFORMITY 0T FLLL [OT
TRACEABILIAY LYy AlSOHDANCE WITH OUR QLALITY S¥5FEM REQU IREMENTS.
HaXUFACTURED, TESTED AND INGEFECTE ACCNIRBANCE WITH OUR QUALITY
SYITEM REZGUIREMEYTS

oM BHEHA
i

RE METALSLID

L, WY

Pl
APPFROVER SN eClY
Hevmark dMerais 15 3 MGA registeced B3 Eif [0 0002 compans
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Appendix E
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E2 APPENDIX E. DRAWINGS

E.2 Full Designs

Tfawing Number | Drawing Title Part Description
Full-01-00 Hybrid-Serew TSR | Assembly
Fuil-01-01 Ilybrid-Screw TSR | Glencid Fixation Plate
Full-01-02 Ilybrid-Serew TSE. | Ball and Tapered Stem

b Fall-01-03 1lybrid-Serew TSR | Cemented Glenoid Peg
Full-01-04 IIybrid-Serew TSR | Coraceid Plate
Full-01-05 . Hybrid-Serew TSR | UHMWPE Socket Bottom
Full-01-06 Hybrid-Screw TSR | UHMWPE Socket Top
Full-01-07 Hybrid-Screw TSR | Socket Locking Clip
Full-01-08 Hybrid-Screw TSR | Coracoid Screw
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Fuli-01-10 Ilybrid-Serew TSR | Ilumeral Tlousing
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Full-02-00 Central-Peg TSI | Assembly
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Full-(3-05 Chiad-Point TSR Humeral Component,
Full-03-06 Quad-Point TSR Ball Locking Screw
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