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Target Audience
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of patients with total hip arthroplasty,
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Disclosure of Unlabeled Use

This educational activity may contain discussion of published and/or investigational uses of
agents that are not indicated by the FDA. Postgraduate Institute for Medicine (PIM), JISRF and
Omni Life Science do not recommend the use of any agent outside of the labeled indications.
The opinions expressed in the educational activity are those of the faculty and do not necessarily
represent the views of PIM, JISRF and Omni Life Science. Please refer to the official prescribing
information for each product for discussion of approved indications, contraindications, and
warnings.

Disclaimer

Participants have an implied responsibility to use the newly acquired information to enhance
patient outcomes and their own professional development. The information presented in this
activity is not meant to serve as a guideline for patient management. Any procedures,
medications, or other courses of diagnosis or treatment discussed or suggested in this activity
should not be used by clinicians without evaluation of their patient’s conditions and possible
contraindications on dangers in use, review of any applicable manufacturer’s product
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This time-sparing approach has been clinically suceessful with rapid post-operative
recoveries and excellent outcomes, Most recently Daorr (JBIS 06/07) has confirmed our
experiences that rapid recoveries and excellent outcomes are indeed related to sofl tissue
sparing and short incisions if possible. The post S-ROM generation of modular hips
relate to these basic surgical principles. Even though our own approach has been anterior
with secondary stab wounds or incisions, modular hips facilitate all approaches to the hip
joint.
In the pursuit of less and less soft tissue trauma in hip replacements. we have considered
and hoped for a femoral component that would be relatively short (bone preserving) and
could be inserted without the fixed protruding neck requiring a longer skin ineision and
causing unnecessary musele damage (sofl tissue sparing). 1 had discussed this with
several orthopaedic manufacturers in the late 1980°s and 1990's, but it was not until 2002
that hips of this type became available in the United States as FDA approved implants.
They were the Cremascoli prosthesis introduced by Wright Medical as the Profemur £,
the OTI now Encore Medical R-120, and the Apex, now a product of Omni

life sciences. Since then | have become aware of' a multitude of implants of

Girmastal
il

;;“ the modular type manufactured by American and European companies.

' Smith & Nephew. Ine. introduced a miero stem with modular necks this fall,
and I started to implant this latest femoral prosthesis 6 weeks ago. All four of these
maodular hips have femoral components that can be inserted without an attached neck.
The femoral component can be introduced through a short primary incision or in the case

of anterior approaches in large patients, a second stab wound. Once in place the femoral

“Cutting-Edge Developments on Proximal Modularity in THA™
Mini-Symposinom AAHKS, Novemhber 7, 2008 Dallas, TX
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neck or the femoral neck-shoulder (Apex/Omni) is then fixed to it. During the last two
years we have used primarily the K-2, a modified Apex hip design. It is a flat prosthesis
with a rectangular cross-section and a circomferential ingrowth surface over its proximal
one third. The neck-shoulder is connected to it with the Apex reinforced dual Morse
taper (Dual Press TM) and an anti-rotation locking pin. Our total modular hip experience
(Kristaps J. Keggi, John M. Keggi and Robert E. Kennon) consists of some 1,100 devices
— Cremascoli 65, OT1 241, Apex-1 163, Apex-2 216, K2 410, and 5 SNR mini
modulars. We have been pleased with these devices because of the a traumatic, simple
insertion of the femoral component and the variety of femoral necks that can be used to
adjust anteversion, retroversion, height and offset for accurate reconstruction of proximal
femaoral anatomy, achieve stability and equal leg lengths, Even though its assembly is
more complex than the Cremascoli neck, the K-2 has the greatest number of
reconstructive options. The operative times have been short. post-operative pain has been
decreased because of the decreased soft tissue operative trauma and no post-operative
dislocations. In our series of modular hips. there have only been two dislocations, and
these have occurred in very unusual circumstances such as an elderly patient twisting her
leg getting out of a bathtub. Rehabilitation has also seemed more rapid. Since the
publications on modular hips are still few. the exact results on these joints have not been
quantified, but it is my opinion that our initial impressions about improved outcomes will

prove to be correct.

“Cutting-Edge Developments on Proximal Modularity in THA™
Mini-Symposinom AAHKS, Novemhber 7, 2008 Dallas, TX
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Remember even if you are using pins and a ruler that unless there is the same flexion, rotation and
offset vou are likely only accurate to within a em or so. 1 use the GT/FH, the knee test, and the
reduction test, and the Shuck test.

The biggest problem with leg length is pelvie obliguity.
= Ifthe patient is elderly, I assume that the obliquity is fixed and therefore balance the apparent leg
length.
+  Ifthey are young, without any obvious spinal problem, | assume that they will correct, and
therefore balance anatomical length.
. Warn the patient however, and if they do not wish to risk, do not do it

When you have done a big leg lengthening
+  The glutei will be tight and pull the hip into abduction, producing an apparent over
lengthening.
+  These patients must be kept away from physiotherapists who will give them a lift. If the
patient is given a lift in the first 4 months, the glutei will not stretch out.
. So warn the patient no lift

Gluteal avulsion — an ignored topic
« Spontancous Gluteal avalsion s like a rotator cuff tear. It may produce a sudden increase n
symploms or it may be completely silent,
= Ifit is large and not repaired the patient will limp afier the operation both surgeon and patient will be
disappointed.
This is easy 1o identify with an antero-lateral approach,
It is difficult to see from a posterior approach.
This is a problem especially in revision surgery.
We call it the Bald Eagle.

Ome of the most sever problems is femoral anteversion
«  The surgeon puts in the acetabulum in retroversion.
+  He compensates by putting in the stem in anteversion. This means that the patient in-toes. They hit
the other leg in swing phase and fall.
+  These case all need revision.
+ I Japan | do see in-toging on a congenital basis. I a girl has had this deformity all her life she can
live with it, but do not do it to a Caucasian.

Restoration of joint mechanies is and will continue to be our major challenge for total joint
arthroplasty, A better understanding of surgical technigues, device related techniques and
patient related activities should aid us in restoring joint mechanics and improving clinical
OULCHmes.

“Cutting-Edge Developments on Proximal Modularity In THA"
Mini-Symposium AAHKS, November 7, 2008 Dallas, TX
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“Effects of Modularity on Acetabular and Femoral Positioning in THA"™

By
Terry Clyburn

1. Intreduction: Total hip arthroplasty is one of the most successful orthopaedic procedures with
very high success rate as measured by pain relief, improved function and patient satisfaction.
There has been an evolution of designs beginning with the monolithic stem of Chamley
utilizing cement fixation for both the stem and the one-piece polvethylene Acetabular
compenent, Charnley taught the principles of proper leg length and offset and he clearly
understood the effect of hip center on the joint reaction force. He also understood the effect of
lateralization of the greater trochanter on the abductor lever arm and thus the effect on joint
reaction force. He tanght the proper position of the Acetabular component in both abduction
and anteversion and he taught the proper anteversion of the femoral component in order to
achieve stability,

He was able to address all of these issues using a monaolithic stem with a 22 mm head and a
one-piece all-poly cup! Today, orthopaedists possess a constantly expanding armamentarium
of equipment including modular Acetabular components with shells designed to accept a
variely ol inserts including polyethy lene with or without “hoeds™ or rim elevations, ceramic
and metal articulations. Modern stems come in a vast array of designs, but virtually all have a
modular head neck junction. The S-Rom and multiple newer primary stem designs
incorporate modularity in the proximal stem such that length and offser are adjustable even
after the stem is fully seated. There are potential advantages and disadvantages to this
modularity, which we shall discuss,

1. History

g, The Orst “modularity™ was at the ball- neck junction, Monolithic stems were implanted
with cement leaving the only means of adjustment of leg length as the depth to which the
implant was potted within the femur. Surgeons learned 1o adjust the leg lengths at the
time of stem insertion using varions “tricks”. Offset was primarily set by the neck-shaft
angle of the implant and the astute surgeon determined preop what implant design would
best benelit the patient. 17 abductor lever arm was an issue, the trochanier could be
advanced as described by Charmnley. The modular head neck with the Morse Taper design
offered the surgeon the option of intraoperatively adjusting length and offset
simultaneausly. However, dependent on the neck-shaft angle, the gaing in one parameter
may be at the detriment of the other.

b.  Metal back shells were initially designed to offer greater support 1o the polyethylene
component and of course ultimately offered the capability of porous coating and bone
ingrowth. The markedly improved survivorship of bone ingrown cups is irrefutable.

Evolution of the acetabulum included the “increased offset liner™, the “hooded” or “elevated

rim liner” and ultimately alternative bearing inserts. The increased offset and hooded liners

were offered as a means 1o increase stability at a time when 22, 26 and 28 mm heads
dominated the market.

e, The Culting Edge; We have been using preduct in the hip revision arena for some time
now which have midstem modularity allowing for better distal it and proximal fill, often
with anteversion, retroversion adjustability at this junction. We continue to have the
head-neck adjustment for length and many of these designs incorporate proximal
segments with variable “offset” options. While widely used and accepted in the revision
stem market, the more extensive modularity is just now gaining popularity in the primary
stem market.

“Cutting-Edge Developments on Proximal Modularity in THA™
Mini-Symposium AAHKS, November 7, 2008 Dallas, TX
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111. The Problem of Instability

a.  The incidence of dislocation of primary hip replacement is quite variable but remains a
significant problem. A number of factors have resulted in a decrease risk of dislocation
including smaller and improved neck designs, greater head to neck ratio, greater surgical
options For length and offsel and sofl tssue solutions such as the “Mayo™ repair and
increased popularity of the anterior approach.

b. Clearly however, implant malposition remains a primary cause of recurrent hip
instability.

i. Inour own reported study in which we evaluated the Range of Mation of twa
different constrained cups utilizing a cadaver model, the cups were implanted by a
single. experienced surgeon, with extensile exposure of the pelvis, but yet there
was variation in the abduction and version angles.

ii. Dellaan et all reported in the JBJS-BR in 2008, that 27 of 42 revisions of a meral
on metal resurfacing were done for malposition of the acetabulum, The most
commaon issue was with increased abduction with a mean of 69,9 degrees, range
56-98. They also found 1ssues with anteversion and retroversion. They noted an
increase in serum metal ions and metallosis in these malpositioned cups.

iii. DiLima et al in JBJS- Am, 2000, used a computer model o study prosthetic
impingement secondary 1o poor positioning, They determined that less than 45
degrees of anteversion would result in decreased flexion and abduction and
reduced abduction would limit extension and rotation. They also noted that the
addition of a “modular” sleeve would reduce the range by 1.5- 8.5 degrees,
dependent on the direction of travel. They pointed out also, that the position of the
Acetabular component may be dictated by the boney anatomy of the pelvis and
that the version of the femoral stem was often dictated by the boney anatomy of
the proximal femur, thus limiting the surgeons control over these variables,

Iv. Modularity and the Modermn Cup
a.  As mentioned above, the metal shell maybe used with a wide variety of
inserts, which may contribute to over all stability of the wotal hip
arthroplasty,
b, Use of bone grafis and the use of available metal augments may allow
the surgeon Lo improve cup position for optimal placement,
¢. Large ball options with head to neck ratios not dreamed of just a few
vears ago offer a range of motion without prosthetic impingement not
dreamt of just a few vears ago, Multiple studies have clearly shown the
reduced risk of dislocation with these large heads, but concerns exist
with regard 1o metal jon release,
V. Modularity and the Modemn Stem

a.  Cameron et al reported in the J Arthroplasty, the resulis of over 20 years experience with
the 5-Rom Hip, The noted that there is no mathematical relationship between the
intramedullary canal of the metaphyseal region and the diaphyseal region of the human
femur. Thus, it would be impractical to attempt o design a monolithic stem, which would
provide distal stability and proximal 0ll. Thus, the concept of “midstem Modularity™
developed in which the metaphyseal and diaphyseal parts could independently fit and fill
the patient’s femur. In that the proximal segments of some of these designs offer the
option of variation in height, offset and version, the surgeon gains control over the
anatomy and is able to achieve a combined anteversion, which will result in stability.

b.  The S-Rom hip can be locked into any degree of version relative 1o the proximal
metaphyseal sleeve and has been a favorite to address the unigue challenges of the
Developmentally Dyvsplastic Hip. (thers have used it as their primary hip.

€. Other manufacturers have used similar design philosophies, The Link MP and the MRP-
Titan are examples of stems, which can be used to change length offset, and anteversion.

Kang et al in I Arthroplasty 2008 reported the use of these stems 1o treat cases of recurrent

mstability, Kwong reported in the J Arthroplasty in 2003, only 3 dislocation or subluxation in

143 cases of recurrent instability using the Link MP. This compares very favorably to the

“Cutting-Edge Developments on Proximal Modularity in THA™
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report of Paprosky (CORR 1999) with a dislocation rate of 7.1% using a one-piece revision
stem.

d. Failures
i, Concemns exist with regard to failure at each and every madular junction,

ii. The great majority of reported failures are in cases of revision in which proximal
bone stock is lacking and as such there is madeguate support about the mid stem
modular junction as has been seen in the Zimmer- ZMR (Pierson ¢l al AADS
2005).

iti. Primary cases with adequate bone stock should not be at significant risk

iv. There are however reported failures at these junctions, (Kop and Swans | Arthop
2008 and Patel et al J Arthrop 2008),

V1 Summary

a.  There has been ¢lear improvement in the longevily and the stability of
total hip arthroplasty as modularity has become available,

b. Modularity of the Acetabular component is widely accepted in both the
primary and revision total hip.

¢.  Head neck modularity is universally available in all total hip systems,
and the beneflits have proven to be immeasurable over the risks of
fretting., corrosion and Failure, which simply have not been a major
issue,

d.  Midstem modularity is widely used and accepted in revision stems and
has gained acceptance in the primary hip.

e, Femur-neck modularity is available in several forms and offers options
for improved offset, length and version,

f.  Dislocation although significantly reduced over the last decade remains
a significant cause of total hip failure.

g, Dislocation is often the result of component malposition

h.  Malposition may result due to anatomical variation of the acetabulum,
the femur, or both.

1. MIS surgical exposure may limit the surgeon’s ability (o place the
components in the optimal position.

j- Head-neck, Mid-stem and the neck-stem modularity allow the surgeon
ta adjust leg length and offset via the head-neck taper and adjustment
of femoral anteversion via the neck-stem taper.

k.  The benehit is stability and redueed dislocation.

. The risk of dissociation and failure in primary cases is extremely low.

“Cutting-Edge Developments on Proximal Modularity in THA™
Mini-Symposium AAHKS, November 7, 2008 Dallas, TX

_______________________________________________________________________________________________________________________________|
34 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 35



_______________________________________________________________________________________________________________________________|
36 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 37



_______________________________________________________________________________________________________________________________|
38 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 39



_______________________________________________________________________________________________________________________________|
40 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 41



_______________________________________________________________________________________________________________________________|
42 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 43



]
44 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 45



_______________________________________________________________________________________________________________________________|
46 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 47



_______________________________________________________________________________________________________________________________|
48 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 49



_______________________________________________________________________________________________________________________________|
50 Reference Book on Total Hip Modularity - JISRF.org



_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 51



_______________________________________________________________________________________________________________________________|
52 Reference Book on Total Hip Modularity - JISRF.org



“Short Stems With & Without Modularity™
By
5. David Stulberg, MID
Professor, Clinical Orthopaedic Surgery, Northwestern University Feinberg
School of Medicine, Chicago, 1L

Introduction:

Cementless femoral stems of many designs, rellecting a broad range of bone attuchment rationale, provide dependable
long-term fixation. However, & number of 13sues related 1o comentless stem fixation exist which might increase their
safety, versatility and durability. These issues include the: 1) optimization of load wansfer 1o the proximal femur to
maximize bone preservation and restoration; 25 elimination of the potential for a mismateh in proximal=distal Gt { Such
a condition might —exist in the presence of an exeessively bowed Temur, or one deformed as the result of 3 fracture or
developmental abnormality, Young. active, large patients, who require hip replacements, may have large proximal
femoral metaphyses and very narrow intra-medullary diaphyses. The use of cementless implants with stems of
conventional length in such patients carries with it the risk of early and/or delaved fracture); 3) facilitation of various
minimally invasive surgical exposures, especially those ingorporating an anterior exposure of the femur; und 4) the
prezervation of proximal femoral bone stock in voung patieniz who might ultimately require revision of their primary
COMpOnEnts.

In order to develop short stem implants that achieve these goals, it is desirable and necessary to evolve from the
principles that have been the Toundation Tor the lxation suceess of cementless femoral implants with standurd length
SICms.

The purpose of this presentation is 1o: 1) Deseribe the design rationale and characteristics of uncemented, metaphyseal
(= 100mm) primary THA Temoral stems which incorporate these pringiples; 23 Present the initial 2-4 vear Tollow-up
clinical and radiographic results achigved using stems with these pringiples; and 3) Propose the charscteristics ol
future, short, comentless metaphyscal stems based upon this initial experience.

Methods:

Iwo groups of patients have been studied in which stems with similar design characteristios have been used, In the first
group, sixty-five custom=-made uncemented metaphyscal engaging femoral stems were inserted inoa sequential serics of
6 patients between March 2004 and March 2005, The indications for inserting these implants were all patienis less
than 70 vears of age. No patient was excluded based on femoral bone quality or body mass index (BMI)L A minimuwm
of two-vears (average 32 months, range 24-44 months) elinical and radivgraphic follow-up was oblained lor the
patients in this study, The average age of the paticnts at time of anhroplasty was 36 (range 16 - 69), There were 37
proccedures performed in men and 28 procedures performed in women. The diagnoses were osteoarthritis in 62 patients
and avascular necrosis in 3 patients. The average BMI was 2901 (range 26.3 - 54.6).  The metaphyseal engaging
femorul stems were customized o each patient based on preoperative computed axial omography scuns, The implant
was designed to fit closcly against the endosteal metaphyseal bone along the anterior metaphysiz, medial calear,
posterior femoral neck, and metaphyseal flare at the bottom of the greater rochanter. The femoral stem was made of
titanium alloy with a hvdroxyvapatite coating on a titanium plasma-spray in the proximal 1/3-1/2 of the stem. The
uverage stem length was W mm (range 70-125 mm) and the average stem diameter was 14 mm (range %23 mm), A
porous coated acciabular component was used in all cases, The bearing surface in was metalhighly cross-linked
polvethylens. The femoral head size was 32 millimeters. All of the arthroplasties were performed through a less
invasive posterior-lateral approach, Full weight bearing was allowed immediatelv. Clinical and radiographic data were
collected preoperatively, in the early post-operative period, and gt subseguent examinations, The clinical evaluation
consisted of an assessment of pain, funclional parameters. and a physical examination to provide a compesite Harris
hip score (HHS). Specific inquiries were made with respect 1o thigh pain an cach vigit. Standard anterior-posterior
radiographs of the pelvis and lateral radiographs of the hip were oblained at all visits. The implams were evaluated for
subsidence in g stundardized Tushion by mewsuring from the tip of the greater trochanter W o Gixed point on the femoral
stem. A modification of the criteria described by Engh was wtilized 1o determine the stability of the femoral prosthesiz,
A stem was considered to be stable if there was evidence of bone bridging or endosteal condensation, no evidence of
subsidence, and no lucencics or reactive lines surrounding the stem.

In the second group of putients, 230 off-the-shell primary short stem implunts were inserted in conseculive patients
from January 2003 =March 2006, These stems were inseried in patients of all ages regardless of bone quality. The off=
the-shelf implanis had design characieristics hased upon and very similar 1o the custom-made implants. The surgical
technique for implantation, the peri-operative management and the post-operative surveillance were identical 1o the
custom group,

“Cutting-Edge Developments on Proximal Modularity in THA™
Minl-Symposium AAHKS, November 7, 2008 Dallas, TX
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“Neck Sparing vs. Hip Resurfacing-Anterior Approach” :ﬁ‘[
By N
John Keggi, MD., ﬁ g -7

Kristaps J. Keggi, MD.. Robert Kennon, MD., & Timothy McTighe Dr. H.S. (hc)

Back to the future! Hip Resurfacing (HR) and Neck Sparing (NS) seems like we have been here before. “Lets not
forget the past or we are likely to make the same mistakes.”

Three key point made by the UK Joint Registry with-regards to HR:

>UK Joint Registry (2005) RH accounts for about 9% of all hip replacements.
><55 years old HR accounts for 34%.
>HR has highest failure rate

Recent paper by R.T. Steffen et. al. J Bone Joint Surg Br 2008 90-B:436-41
“The Five Year Results of the Birmingham Hip Resurfacing Arthroplasty” 93% good to excellent results

“Hip Learning Curve may be longer than thought for placing hip resurfacing components “55-60 cases™ reported in
Orthopaedics Today 2007: 27:12

British and Australian researchers collaborating on a prospective study
identified a longer-than-expected learning curve to accurately perform hip
resurfacing arthroplasties. Hip surgeons taking part in the study, all of whom
had performed more than 1,000 hip surgeries, found they had to complete three-
times more resurfacing surgeries than they expected in-order to place femoral
components within 5° of the desired neck/head angle. “Based on the results, she
Diane L. Back, FRCs told others to expect their margin of error to be high for the first
few years, no matter how skilled they were.”

i

The implants in this post-op radiograph were 15°

In the United States where orthopedists begin practicing after

completing fewer hip replacements than surgeons in the United off in the patient's left hip and 5° off in the right
Kingdom or Australia, "It actually, means their learning curve may from where the surgeon originally intended to place
take them 10 years to get out of," bine L. Back. FRCS them.

Mr. Duncan Whitwell reported 95.3% survivorship at 8 years at the 2007
DARF meeting in Palm Springs.

So we are seeing between 93-96% survivorship of 10% indication for HR and 97% for cementless THA at
15 years on all indications. This is a clear indication that something other than HR must be added to our
treatment plan.

Australian Joint Registry 2005 ** HR procedures have a higher number of early revisions as compared to
conventional total hips.”

Hip resurfacing even with the anterior approach is more invasive than conventional or neck sparing THA.

Early impression is that short neck sparing
stems will be more tissue preserving than
compared to HR and not require any special
instruments to be done in a reproducible
manner with the anterior approach. We are
optimistic about this emerging new technology.

“Cutting-Edge Developments on Proximal Modularity in THA"
Mini-Symposium AAHKS, November 7, 2008 Dallas, TX
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ISTA' 2008
The 21st Annual Congress o ua [erna
Society for Technolog thYOplasty.

Hotel Shilla, Seoul

Introduction:

Polyethylene and metal have been the material of choice since the 1960’s. Some
consider Polyethylene to be the weakest link in THA prosthetic design.'-2

We are now seeing the next generation of cross-linked polyethylene along with work on
alternative hard on hard bearings trying to reduce the generation of wear debiris.

‘ﬁ: £ ‘ E-Poly™ HXLPE

Crosslinks

ApeX-LNK

& G Co

Corln

ICON

Issues have been raised from squeaking to high trace elements, strength characteristics
and torsional stability of current materials.>4567:89

Two failed CrossLink MOM Bone Necrosis - E. Smit Cup spin out 7 weeks post-op. Revision made easier 1homas Hypersensitivity to metals
(Longevity™)' by proximal modular neck design. 2003

Ideally, the surfaces for articulating bearing surfaces will be made from materials having high strength, high wear, and
corrosion resistance, a high resistance to creep, and low frictional moments.

This poster will review characteristics of a novel new approach for a bearing material.

) _ JISRF  Executive Director
Toronto, Canada

Jco’:r;lg L:r’l]p;:“; SS Lgery & Research Foundation &WO MEN’S

Orthopaedic & Arthritic
Institute

Timothy McTighe, PhD (hc) S Hugh U. Cameron, M.B,, C.hB, FRCS
UNNYBROOK Orthopaedic & Arthritic Institute,

Richard Treharne, PhD, MBA
ACTIVE IMPLANTS" Active implants
=========== Memphis, TN
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Poster Exhibit

By: Richard Treharne, PhD, MBA*, and Timothy McTighe, PhD (hc)** Hugh Cameron, M.B. Ch. B.***

*Active Implants, Memphis, TN., **Joint Implant Surgery & Research Foundation Chagrin Falls, Ohio, ***Orthopaedic & Arthritic Institute, Toronto, Canada

Methods:

A review of past and current materials along with mechanical testing in creating a new approach to the development of a
hydrophilic material replacing the polyethylene side of the bearing surface.

Studies have demonstrated the advantages of the full-fluid film layer of lubrication in-terms of enhanced wear
performance.'®

An acetabular “buffer” bearing was developed that features a pliable bearing surface formulated, biocompatible
polycarbonate urethane (PCU). A review of design objectives and testing will be
highlighted in this poster. "

40

Results: 351

30+

Wear studies have demonstrated performance up to twelve times better compared to zi X

polyethylene. 15

10+

Fourty-five components have been implanted reaching two years post-op. Two
devices have been removed both for non-related implant issues. Retrieval analysis did
not show any appreciable wear or damage to the bearing material.

Lab 1* Lab 2** Lab 3***

Retrieved Specimen

. . Th h
Did not have any heavy metal elements - was some evidence appearance seen

of abrasion wear on back side (less than mechanical testing). °"S';‘;‘c'i‘r;::;ev‘;§‘;
Note: No evidence of wear on bearing surface. Specimen  attached protein.
weight loss measurement demonstrated equal to less

mechanical wear testing. Final paper being prepared for

publication.

Fabrication
Parting Line

Pt. 001 12 months “Buffer” after cleaning

Conclusions:

To date we are encouraged by the early basic and clinical science, however, only additional research and time will
demonstrate the long-term viability of this material.

References:
1. David A. Heck, M.D. et al. “Prosthetic Component Failures in Hip Arthroplasty Surgery” Journal of Arthroplasty
Vol. 10 No. 5 1995
2. Morra EA, Postak PD, and Geenwald AS. “The Effects of Articular Geometry on Delamination and Pitting of
UHMWPE Tibial Inserts II: A Finite Element Study” AAOS 1997.
3. Dorr, L., Letter to AAHKS Members April 22, 2008 “Implant Performance Observations”
4. Lhotka, et al., JOR 2003
5. Ladon D, Doherty A, Newson R, Turner J, Bhamra M. J Arthroplasty 2004; 19: 7883 “Cellular Toxicity"
6. Visuri T, Pukkala E, Paavolainen P, Pulkkinen P, Riska EB. Clin Orthop and Related Res 1996; 329 Suppl!
280- 289 “Cancer Risk”
7. Ziaee H, Daniel J, Datta AK, Blunt S, McMinn DJW. JBJS 2007; 89: 301 - 305 “Teratogenicity’
8. D. ANTHONY JONES, H. KEITH LUCAS, MICHAEL O'DRISCOLL, C. H. G. PRICE and B. WIBBERLEY BRISTOL,
ENGLAND JBJS 1975; 57: 289-296 "COBALT TOXICITY AFTER McKEE HIP ARTHROPLASTY’
9. E. Smith, DARF-10th Annual Update in Hip & Knee Anhroplasty and Bearing Surfaces Meeting, Sept. 2008,
Rancho Mirage, CA. “Metal lons: In Vivo Analysis on MOM Hips”
10. Carbone, A., Howie, D.W., et al., “Aging Performance of a Compham Layer Bearing Acetabular Prosthesis in an
Ovine Hip Arthroplasty Model” The Journal of Arthroplasty Vol, 21 No. 6, 2006
11. Schwartz & Bahadur Wear 2006 (Flat on Flat, Low Load)
12. Smith et al ) Biomed Mat Res 2000 (Cup and Head
13. Fisher & Jennings | Mech E 2002
14. Stephen S. Tower, MD, et al., “Rim Cracking of the Cross-Linked Longevity Polyethylene Acetabular Liner After
Total Hip Arthroplasty” ) Bone Joint Surg Am. 2007;89:2212-2217. doi:10.2106/JBJS.F.00758 Investigation
performed at the Thayer School of Engineering, Dartmouth College, Hanover, New Hampshire

- Less Wear

- Less Debris

- Hydrophilic

- Shock Absorbing
- Biocompatible

- Less Costly
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The21st Annual Gongress ednternational Society

for:Technologyin A plast: G
HotelShilla; S?e‘:)ul JU.J o Poster Exhibit

Design Considerations and Results for a
Modular Neck in Cemented THA

By: Hugh U. Cameron, M.B., C.hB, FRCS; Chris J. Leslie, D.O.; Timothy McTighe, Dr. H.S. (hc)

Objectives: D .
Cemented stems are still widely used in THA, however, \
there remains concerns with hip dislocation and wear debiris.

Restoring joint mechanics is essential for soft tissue balance and
reduction of mechanical impingement. These concerns have lead to the
development of a modular neck for cemented THA. This is an update of

previous data from ISTA paper presented in 2003.

Materials and Methods:

200 R-120™ cemented stems were implanted in 190 patients since 2001. The shape of the
stem is trapezoidal with a large collar that provides for impaction and compression of the
cement. The stem collar is made with a cavity where a self-locking taper and a

positive indexing mechanism provide 12 different positions to ensure proper

restoration of joint mechanics.

One to five years follow up with a mean of 2.8 years. Two-thirds were female
and one-third male. Age ranged from 39 to 87 with a mean of 73. Majority were
treated for OA. A c.c. 28 mm or 32 mm head and poly bearing were used for all
patients. Selection of neck position was recorded for all patients.

Results:

63% of all head-neck positions were other than neutral. There were 0 dislocations, ho
significant leg length discrepancies (+ 5 mm), and 0 infections. There was one stem removed
due to a post-op peri-prosthetic fracture at 3 OT! “Old Design Encore “Current’ Design
years that was treated with a long cementless

stem. 1 death due to a PE ten days post-op. 1

40.7%

intra-operative calcar fracture wired and healed surface Area R
uneventfully. 1 intra-op greater trochanter fracture —~ cresse.
that was treated with screws. 2 neck fractures 26.6uDistal __p ~—— 13.5%
revised to cementless stems. Note: Verbal Increase Toper

Diameter
Increase

communication from the Keggi group Fatigue Testing Results
e o Waterbury, CT. 150 Old “OT1 “ .
style necks in both cemented and Fatigue Strength @ 5,000,000 cycles
cementless stems implanted since OTT Design 520-700 lbs.
2002 with 10 neck fractures. The Encore Medical Design > 1200 Ibs.
Keggi group has discontinued using this device.

Conclusions:

Modular neck design aids in fine tuning joint mechanics after stem
insertion, and allows for ease and access in case of revisions. This modular
neck design has eliminated (to date) hip dislocations and we remain
optimistic about its long-term potential to improve clinical outcomes.
Fatigue properties have been significantly improved and no additional
neck fractures have occurred.

e3

E
’3
Eig
Aﬁ

h& FRCS Chris . Leslie, D.O.
nstitute, Leslie Ortho

— Tnmnyul IcTighe, PhD (hc)
JISRF

Executive Director
N Joi m\mp\ ant urgery & e arch Foundation
) Chagrin Falls,
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“THA-Keep The Neck”

by
*Timothy McTighe, Dr. H.S. (hc)
*Joint Implant Surgery & Research Foundation, Chagrin Falls, Ohio
lan Woodgate, MD; Allen Turnbull, MD; John Harrison, MD, Declan Brazil, PhD, Sydney, AU.
Kristaps J. Keggi, M.D., John Keggi, MD; Robert Kennon, MD; Middlebury, CT.
Louis Keppler, MD; Cleveland, Ohio & Hugh U. Cameron, MB., CHBS, Toronto, CA

Introduction

Architectural changes occurring in the proximal femur (resorption) after THA (due to stress shielding)
| continues to be a problem ', Proximal stress shielding occurs regardless of fixation method (cement,

cementless). This stress shielding and bone loss can lead to implant loosening and or breakage of the

implant. 3+

In an attempted to reduce these boney changes some surgeon designers (Freeman, Whiteside, Townely

and Pipino) have advocated the concept of neck sparing stem designs.>6-7#

Freeman, in describing the biomechanical forces in the reconstructed hip went as far as to say “ the
design of all conventional arthroplasty is made worse since the femoral neck is routinely resected.
He future stated:

“This is done for reasons that are purely historical. Drs. Moore and Thompson designed stems for the treatment of

femoral neck fractures, and for this reason, the femoral neck had to be discarded. In the typical arthritic hip, the neck
is intact and therefore it can be retained. There is significant mechanical advantage in retaining the femoral neck,
which results in a reduction of torsional forces placed on the implant / bone interface.”

Methods: Review of previous published work was evaluated along with FEA modeling in creating a new approach

to neck sparing stems for primary THA.

€00

Examples of short and neck sparing stems

¥

Note: Not all short stems are neck sparing and not all neck sparing have short stems.

10 th Annual Update in Hip & Knee Arthroplasty & Bearing Surfaces, Rancho Mirage, CA Sept. 18, 2008
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2008 Annual Advances in Arthritis, Arthroplasty and Trauma Course Sept. 10 - 12, 2008

THA in 2018: Modular Stems
by

Thomas Tkach, M.D*.; Warren Low, M.D*. & Timothy McTighe, Dr. H.S. (hc)**
* McBride Clinic, Oklahoma Clinic, OKC, OK., ** Joint Implant Surgery & Research Foundation, Chagrin Falls, OH.

Attempting to predict ten years out what Modular THA will look like we must first review and know the past. There is a strong
and long history of modularity in THA. What was once considered novel is now state-of-the art in design,

Modern day modularity of the femoral component comes from the European experience from the late 1940s” through the 1970s".
Modular heads did not become widely used in the U.S. until the mid 1980s’. Stem modularity made it into prime time with the
introduction of the S-Rom® Stem in 1984. With the success of the S-Rom additional modular designs emerged.

Modularity Classification

> Proximal

>Mid-stem

>Distal

Modular heads are now standard on every hip stem system.

Neck Extensions

Trunion sleeve offer increased neck length adjustments, however, tend to reduce range of motion.

Modular Necks

Allow for adjustments of hip mechanics in a mono-block stem.

Anterior / Posterior Pads

Allowed for adjustment in fit & fill in the A/P width of the implant. It was criticized for not having circumferential porous
proximal coating and has been discontinued.

Modular Collars have come and gone.

Proximal Shoulders (bodies)

They have the design option of increasing their proximal body height, offset and version angle.

Stem Sleeves

Stem sleeves offer the advantage of fit & fill with adjustment of hip mechanics. Some designs like the SRom® require
removal of the stem to correct offset or version, while newer designs allow for correction with the stem insitu.
Mid-Stem

These designs offer versatility in correction of sizing mismatch between proximal and distal femoral anatomy. The
modular junction is located at a high bending moment and fractures have been reported. Distal Sleeves

These designs allow for distal stem fit with different distal style options (smooth, fluted, or porous).

Multi-Modularity

The RMS is the best example of excess modular sites for a cementless hip stem and has come and gone.
Summary

These stems represent some of the past and current trends in both design and marketing efforts. This tendency is no
doubt due to both the clinical and market success of the S-Rom. Modular designs’ goals have changed over the past
24 years. In the early 1980s fit & fill were the principal objectives. Today the reduction of particulate derbies and
restoration of hip mechanics are the focal point.

Future Predictions

No one would argue that restoration of hip mechanics is critical to long-term successiul clinical outcome and modular
designs help restore hip mechanics. Today designs exist that allow the correction, or fine-tuning, of the hip mechanics
after the stem has been implanted. The future will continue to be focused on modularity. There will however be a new
focus with tissue sparing designs that save both hard and soft tissue. Example this neck sparing stem with a modular
head and neck. Also, this novel bearing material Polycarbonate-urethane (PCU) The “Buffer” which reduces wear
debris. Modularity is hear to stay!
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9/10-12, 2008

“Restoring Biomechanics in THA; Modularity”

by
Thomas Tkach, M.D*.; Warren Low, M.D*. & Timothy McTighe, Dr. H.S. (hc)**
* McBride Clinic, Oklahoma Clinic, OKC, OK., ** Joint Implant Surgery & Research Foundation, Chagrin Falls, OH.

Restoration of the hip joint mechanics is critical to long-term

successful outcome for total hip arthroplasty. Replacement of

the normal position of the femoral head is essential for

correction of mechanical balance between abductor forces. If

vertical height is too short, joint stability is a problem. ofet”,
If too long, patients are very unhappy. Incorrect version angle
can result in reduced range of motion and possible toeing in. (-mmr,r.'\'lli : 2
Short medial offset will cause shorting of the abductor Rotation ’"‘5\"
moments resulting in increased resultant force across the hip G "
joint, and increasing the tendency to limp. Offset too great

increases torsional and bending forces on the femoral

component. In addition, to much offset can result in trochanteric bursitis.

¥ \
i

We see a number of trends that indicate hip joint instability a significant concern
in THA outcomes: Big heads, increased use of constrained
sockets and development of expensive surgical navigation

) I technology.

meeimea 2 rOXimal modularity allows for fine-tuning joint mechanics without
wws disruption of the implant / bone interface.

Monoblock stem designs limit one’s ability to independently adjust
for leg length, femoral offset and version angle. There is often the
need for a large metaphyseal geometry, and femoral offset with a
smaller diaphysis as seen in younger adult males. Trying to get
the correct offset with a monoblock often leads to over lengthening the joint and
over reaming the distal femoral canal. \We also see women that have a large
femoral canal (type C-bone) that have a shorter femoral offset making restoration
of the biomechanics a challenge with monoblock designs.

» The following example depicts the benefits of proximal modularity:
Instability - What should be done? Trial reduction demonstrates joint
instability with slight increased leg length.

» Modular Heads allow length adjustment, unfortunately increase head
length increases leg length.
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Expanded abstract 2008 Annual Advances in Arthritis, Arthroplasty and Trauma Course
Sept.10 - 12, 2008

“Target Restoration of Biomechanics Following THA”
by

Thomas Tkach, M.D*.; Warren Low, M.D*. & Timothy McTighe, Dr. H.S. (hc)**
* McBride Clinic, Oklahoma Clinic, OKC, OK., ** Joint Implant Surgery & Research Foundation, Chagrin Falls, OH.

Restoring Hip Mechanics

Restoration of hip joint mechanics is critical to a successful outcome for all total hip reconstruction.
Correction of femoral head offset affects the joint reaction and helps restore mechanical balance between
abductor forces. If the offset is too short it will result in increased resultant forces across the hip joint, and
possibly increase limp and wear. Offset too great will increase torsional and bending forces on the femoral
implant possibly increasing aseptic loosening and or femoral component fracture.

Vertical height too short can jeopardize joint stability as a result of soft tissue laxity and if too long can
result in nerve palsy and patient complaints. Incorrect version angles can affect range of motion resulting in
implant impingement, joint dislocation, and increased generation of particulate debris.

Range of Motion

Three major factors that can affect range of motion are component positioning, component geometry and
lack of femoral offset. Head diameter, femoral head center offset, neck shape and skirts on femoral heads
can all affect hip range of motion. Although physiological range of motion varies for each patient an average
of 114Y4" of flexion is required for sitting. There is no question that certain activities require a greater degree
of motion.

Mechanical impingement

o
= Cg @
AV

Major Problems

Two major problems remain in hip surgery joint stability (correction of leg length & offset) and osteolysis.
According to Dr. Hugh U. Cameron, the most significant medical / legal concern in THA is leg length
discrepancies. Estimating dislocation rates of both 2% and 10% there would be a corresponding 6 to 30
thousand dislocated hips each year. Subsequently total cost of dislocations in the U.S. would be $64.5 to
$322.5 million respectively.

Lysis

0" neck version 15" neck version

Proper selection of implants can improve biomechanics
and reduce wear debris.
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Expanded abstract 2008 Annual Advances in Arthritis, Arthroplasty and Trauma Course
9/10-12, 2008

“Femoral Reconstruction with Modular Stems”
by

Thomas Tkach, M.D*.; Warren Low, M.D*. & Timothy McTighe, Dr. H.S. (hc)**
* McBride Clinic, Oklahoma Clinic, OKC, OK., ** Joint Implant Surgery & Research Foundation, Chagrin Falls, OH.

FEMORAL CONSIDERATION

In comparison to primary THA revisions are associated with a markedly increased technical difficulty,
increased complication rate and cost. The primary challenge in revision hip arthroplasty is stable implant
fixation in the face of significant bone loss. As this bone loss is most common in the proximal femur, the
most widely used implants are those which obtain fixation in the distal diaphyseal bone. Traditionally, the
most commonly used revision stems are distally fixed non-modular implants. The ability to adjust version,
offset and length is limited once distal fixation is achieved. These constructs have association with markedly
higher dislocation rates when compared to indexed THA. Primary rates running from 1.4% to 4.2% with a
mean 3.1%. Revision rates range 3.2-10.5% with a mean of 9.4%. Recently there has been an increase in
the use of distally fixed proximal modular stems in an attempt to decrease the implant and joint instability
and offset problems occurring during revision hip arthroplasty.

The goals of revision surgery remain the same as primary arthroplasty: reduction of pain; equalization of
leg length; restoration of movement; creation of joint and implant stability. However, to accomplish the
reconstruction successfully, often requires the use of autografts, allografts and modular implants.

The most common cause of proximal bone loss is due to osteolysis and aseptic loosening, resulting in a
variety of femoral deficiencies that makes revision surgery more difficult.

The AAOS and a number of authors’ have defined and classified femoral defects. Some of these
classification systems are quite complex and require the need of a reference chart. Mattingly et. al.,
presented a modified AAOS classification system in a Scientific Exhibit “Revising The Deficient Proximal
Femur” at the AAOS 1991 Annual Meeting. This system was helpful but still quite comprehensive. We prefer

to use a simpler classification that has proven to be helpful for selection of specific implant design features
that was described by Schutte et al. in the JISRF UpDate™ 2005.

Type 1 Type 2
Revisions of type 1 defects can be treated with primary stem lengths ¢ ’
without much difficulty. A
Defects of type 2, 3 & 4 require more planning and surgical options. 4 ’ (

The use of autografts, allografts, modular and custom implants !
place a high demand on both the surgeon and the surgical team.
The demands on experienced OR personnel place a higher cost on
the procedure, as does the increased surgical time to perform hip
replacement surgery.

Modular stems have been helpful in treating these difficult cases. Most
companies now offer a modular revision stem system. Often there is proximal
and distal mismatch and modularity provides versatility in fit and filling these
defects.

Long-term data is available on both the S-Rom®, and Link modular stem systems and clearly demonstrate
the viability of modular revision systems. Recent improvements to mechanical properties of the taper along
with proven stem design features have allowed a number of newer systems to enter the market.
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THURS, | MAY 2008 ABSTRACT 11

A NEW APPROACH TO NECK SPARING THA STEM

TIMOTHY MCTIGHE, Dr. H.S. (hc)” oz
IAN WOODGATE, .0, a
ALLEN TURNBULL, "D,

JOHN HARRISON, M D, -~
JOHN KEGGI, D,

ROBERT KENNON, " D,

LOUIS KEPPLER, .0,

DECLAN BRAZIL, FhD,

HUGH U. CAMERON, M5 FRCS

*Joint Implant Surgery & Research Foundation, Chagrin Falls, Ohio, USA

INTRODUCTION:

Architectural changes in the proximal femur after THA continue to be a problem,

In an attempted, to reduce these changes some surgeon designers have advocated the concept of neck
sparing stem designs.

To-date neck-sparing stems have been disappointing in their ability to maintain the calcar A new
approach was undertaken to improve load transfer and to create a tissue-sparing stem that would be
simple in design, repreducible in technique and provide for fine-tuning joint mechanics while maintaining
compressive loads to the calcar

METHODS:
Review of previous published work was evaluated along with FEA modeling in creating a new approach
to neck spaning stems for THA.

The MSA™ Stem is a simple curved stem with a unique lateral T-back designed for torsional stability,
ease of preparation and insertion. The proximal design has a novel proximal conical shape designed to
transfer compressive forces to the calcar,

A modular neck provides for fine-tuning joint mechanics.

RESULTS:
FEA modeling will be reviewed. Strain patterns for the MSA™ stem demonstrated better patterns vs,
long stems or the short Biodynamic stem.

DISCUSSION:

In theory neck retaining devices provide for: Ease of revision

Bone and Tissue sparring Simple surgical technique

Restoration of joint mechanics Options for beaning surface

Minimal blood loss Selection of femeoral head diameter
Potential reduction in rehabilitation Standard surgical approach to the hip

We are encouraged and believe there are advantages in the concept of neck sparing stems, Clinical /
surgical evaluation is now underway and will be reported on in the future,
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A NOVEL APPROACH TO REDUCTION OF WEAR IN THA

RICHARD TREHARNE, PhD, MBA,

Tl Y MCTIGHE, Dr. H.S. (hc)*
* Joint Implant Surgery & Research Foundation, Chagrin Falls, Ohio, USA

INTRODUCTION:

Polyethylene and metal has been the material of choice since the 1960's.

We are now seeing the third generation of cross-linked polyethylene along with work on alternative
hard on hard bearings trying to reduce the generation of wear debris.

Issues have been raised from squeaking to high trace elements and strength characteristics of current
materials.

Ideally, the surfaces for articulating bearing surfaces will be made from materials having high strength,
high wear, and corrosion resistance, a high resistance to creep, and low frictional moments.

This paper will review characteristics of a novel new approach for a bearing material.

-~

METHODS:

A review of past and current materials along with mechanical testing in creating a new approach to the
development of a hydrophilic material replacing the polyethylene side of the bearing surface.

Studies have demonstrated the advantages of the full-fluid film layer of lubrication in-terms of enhanced
wear performance.

An acetabular “buffer” bearing was developed that features a pliable bearing surface formulated,
biocompatible polycarbonate urethane (PCU). A review of design objectives and testing will be
highlighted in this paper.

RESULTS:

Wear studies have demonstrated performance up to twelve times better compared to polyethylene.
34 components have been implanted reaching two years post-op. Two devices have been removed
both for non-related implant issues. Retrieval analysis did not show any appreciable wear or damage to
the bearing material.

CONCLUSIONS:
To date we are encouraged by the early basic and clinical science, however, only additional research and
time will demonstrate the long-term viability of this material.

_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 85



@ Poster Exhibit 32 « March 2008, San Francisco, CA

B
“A New Approach To Neck Sparing THA Stem”

Muscle Sparing Approach” / Neck Sparing Approach” Total Hip Stem Design Concept,

By: Timothy McTighe Dr. H.S. (hc)*; lan Woodgate, MD¥; Allen Turnbull, MD %; John Keggi, MD?; Robert Kennon, MD?; Louis
Keppler, MD?; John Harrison, MD%; Declan Brazil, PhD¢; Wei Wu, MScs; Hugh U. Cameron, MB, ChB., F.R.C.S.”

QI»H @

Introduction:

Architectural changes occurring in the proximal femur (resorption) after THA (due to stress shielding)
continues to be a problem 2. Proximal stress shielding occurs regardless of fixation method

(cement, cementless). This stress shielding and bone loss can lead to implant loosening and or
breakage of the implant. **

In an attempted to reduce these boney changes some surgeon designers (Freeman, Whiteside,
o . . 3 5,6,7,8

Townely and Pipino) have advocated the concept of neck sparing stem designs. High neck resaction

Freeman, in describing the biomechanical forces in the reconstructed hip went as far as to say

“ the design of all conventional arthroplasty is made worse since the femoral neck is routinely resected.” He

further stated “This is done for reasons that are purely historical. Drs. Moore and Thompson designed stems

for the treatment of femoral neck fractures, and for this reason, the femoral neck had to be discarded. In the

typical arthritic hip, the neck is intact and therefore it can be retained. There is significant mechanical advantage

in retaining the femoral neck, which results in a reduction of torsional forces placed on the implant / bone

interface.”

Methods: s

Review of previous published work was evaluated along with new FEA modeling in creating a new approach to neck
sparing stems for primary THA.

Examples of short
and neck sparing
stems

Note: Not all short
stems are neck sparing
and not all neck
sparing have short
stems.

To-date most if not all neck-sparing stems have been somewhat disappointing in their long-term ability to stimulate and
maintain the medial calcar. Partially for that reason a new design approach was undertaken to improve proximal load
transfer and to create a bone or tissue sparing stem that would be simple in design, amenable to reproducible technique
and provide for fine tuning joint mechanics while stimulating and maintaining compressive loads to the medial calcar.
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Is hip resurfacing really a conservative approach?

 Hip resurfacing requires a larger soft tissue approach vs. small or MIS conventional surgical incisions

* Most hip resurfacing is done by the posterior approach,
which has been shown to significantly affect blood flow to the
femoral head

e Currently only Metal on Metal and Metal on Poly are available
for resurfacing and Metal on Ploy in the past has demonstrated
poor clinical results

* Most surgeons do not recommend Metal on Metal for woman
of childbearing age

Resurfacing has been shown to be contra-indicated in post- menopausal women
Resurfacing has a high learning curve

Hip resurfacing is not bone conserving on the socket side

Hip resurfacing does not allow for adjusting or fine tuning femoral offset

There is concern as to long-term systemic reaction on metal ions

Femoral neck failure is a significant problem

A New Approach

The MSA™ Stem is a combination of a simple curved stem with a unique lateral T-back designed
for maximum torsional stability, ease of preparation and insertion. The proximal design has a novel
(internal) conical shape designed to stimulate and transfer compressive forces to the medial calcar.

Novel (Internal) Conical Shape

A modular neck provides for fine-tuning joint mechanics without disruptions of implant bone
interface and a distal sagittal slot reduces chances of lateral cortex perforation. In case of stem
removal a threaded hole is provided for a solid lock with a slap hammer for retrievability.

Note: Risk of short

stems is varus stem

position resulting in

perforation of cortex. Distal sagittal slot
with angled lateral
stem reduce risk
with varus stem
placement.
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Surgical Technique

Pre-operative templating is helpful making sure that x-rays are taken with 20 degrees
of internal rotation. This will provide reliable data as to femoral offset and medial neck
curve.

Head resection

Typical neck resection.

Neck sparing resection

High Neck Resection

Any surgical approach will work with the MSA™ Stem System. The femoral head is cut at the base of the head,
perpendicular to the cervical axis. The distance between the osteotomy and the base of the neck is approximately 1.5 cm
so this conserves the existing femoral neck.

Anterior Approach “J. Keggi” Posterior approach “Woodgate”

The femoral canal is opened with either a starting awl or curved curette. A flexible
reamer may then be used to open the femoral canal or selection of the smallest
starting rasp. The stem is designed for simplicity in preparation and rasping is used
in sequence to the proper fit. The final implant is line-to-line with the rasp and the
proximal porous coating and later T-back design

prov1de for a tight press fit. The final rasp can be used

w1th a trial neck, and head ensuring restoration of joint

" mechanics. Trials can also be done off the definitive

implant providing for last minute fine- tuning of joint mechanics.
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Testing on Modular Neck

FEA modeling was
conducted to look at
stress in the modular
neck when assembled
and subjected to
loading prescribed by
ISO 7206-6.

. [lustrations show a change in stress in the stem
Testlng on Bone with the increased load capacity of the extended
taper and changed taper angle from 3.5m to
4° included. Stress is reduced from 662MP, to
538MP,

Strain patterns for the MSA™ stem
demonstrated better patterns vs. long stems
or the short Biodynamic neck sparing stem.!!
We are encouraged with testing to-date.
Additional FEA modeling and mechanical
testing is underway.
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Discussion and Conclusion G e
ini 3 3 9. 2. McTighe, et. Al., “Design Considerations for
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* Restoration of joint mechanics 587-589
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Target Restoration In THA Are Big
Heads Necessary?

By: I. Woodgate; L. Samuels; A. Turnbull; L. Keppler; K. Keggi; J. Keggi; R. Kennon;
H. U. Cameron, M.B., C.hB, FRCS;.; T. McTighe, Dr. H.S. (hc)

Objectives:

Dislocation continues to be a significant problem and as a result the use of large M-O-M bearings is
increasing. The causes can be multi-factorial, and include: mal-positioned components; component
design; head size; component orientation; surgical approach; impingement-on-component or osteophytes;
weak abductors; and patient related activities. Are big heads necessary?

Materials and Methods: R e iinicn

Surgeon authors have implanted over 10,000 THA since the 1970’s for i :
both primary and revision THA. This paper will highlight experience for r ‘
7,000 hips used for primary THA in both cemented and cementless cases T oot e

as they relate to hip dislocation. B St
A variety of stems, cups, head diameters, surgical approaches and bearing ' *
surfaces have been used over the years. Conventional heads are described
as 22mm-32mm in diameter and jumbo head sizes from 38mm-60mm. Crinpoa s < 0 docnn

A L]

22mm heads were used primarily for CDH type indications and were not
used for routine cases. A variety of manufactures were used often mixing
different stem and cup systems.

A number of variables were encountered during the review that makes any hard impressions just that -
impressions.

Results:

Half of our surgeon authors have moved on to larger jumbo head sizes while the other half have stayed
with conventional head diameters. Conventional head sizes have a dislocation rate of < 1% and the jumbo
heads have had one dislocation. Open reduction and replacement of scratched metal head was done,
original cup remained in place. There is no statistically significant difference between the groups

The conventional dislocations accrued in the > than
60 year old patients. The use of proximal modularity
has virtually eliminated dislocations, as has the use of
large jumbo M-O-M heads.

Of the eight-surgeon co-authors, four use large
M-O-M, and four still used non-metal on metal
conventional heads sizes of 28mm and 32mm. The
Keggi group prefer 32mm ceramic on ceramic. The
M-O-M users are now also using more proximal
modularity.

All of our surgeons have virtually no restrictions on activities after six weeks. Dr.

Cameron still recommends to his patients that if you can see the inside of your thigh
that is ok but you don’t ever want to be looking down at the outside of your thigh.

Conclusions: o ot

All of our surgeon co-authors specialize in total joint surgery. Surgical

approach did not appear to influence dislocation rate. Proximal modularity and the use of
jumbo head diameters appear to offer an increased safety margin, however, even large heads
are dependent on implant position. The only consistent factor with our group is the use of
modularity. Potential risk of M-O-M bearings are the real risk of damage to the bearing surface
as a result of head dislocation. Systemic risks are a concern and caution is in order with certain
profile patients (woman child bearing age, metal sensitivity). We highly recommend that in

the rare event of M-O-M dislocation that open reduction and exchange of metal head be done with close
examination of metal socket. Large heads are not necessary however due provide and added sense of
security to both surgeon and patient.

K. Keggi, . Keggl, R Kennon
Keggi Orthopaedic
tan Woodgate Foundation
St. Vincent's Clinic Allen Turnbull, M. Waterbury, €T

e A The St. George Hospital
Sydney, AU e oo L Kepple

- Timothy McTighe, P hD (hc)
Executive Director
Joint Implant Surgery &
Research Foundation

Chagrin Falls, OH

v Hugh U. Cameron, MB, Chg, FRCS
E\Dm?" S’;\h:bedlc Orthopaedic & Arthritic Institute,
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Design Considerations and Results for a
Modular Neck in Cemented THA

By: Hugh U. Cameron, M.B., C.hB, FRCS; Chris J. Leslie, D.O.; Timothy McTighe, Dr. H.S. (hc)

Objectives: @ 2
Cemented stems are still widely used in THA, however,
there remains concerns with hip dislocation and wear debiris.
Restoring joint mechanics is essential for soft tissue balance and
reduction of mechanical impingement. These concerns have lead to
the development of a modular neck for cemented THA.

Materials and Methods:

200 R-120™ cemented stems were implanted in 190 patients since 2001. The
shape of the stem is trapezoidal with a large collar that provides

for impaction and compression of the cement. The stem collar

is made with a cavity where a self-locking taper and a positive

indexing mechanism provide 12 different positions to ensure proper
restoration of joint mechanics.

One to five years follow up with a mean of 2.8 years. Two-thirds were
female and one-third male. Age ranged from 39 to 87 with a mean of
73. Majority were treated for OA. A c.c. 28 mm or 32 mm head and poly bearing
were used for all patients. Selection of neck position was recorded for all patients.

Results:

63% of all head-neck positions were other
than neutral. There were 0 dislocations, no

OTI “Old” Design Encore “Current” Design

significant leg length discrepancies (+ 5 mm), Sutace s e Jirumver
and 0 infections. There was one stem removed N erases
due to a post-op peri-prosthetic fracture at 3 Toportongh = g3z
years that was treated with a long cementless e pareur”

stem. 1 death due to a PE ten days post-op. 1 Fatigue Testing Results
intra-operative calcar fracture wired and healed Fatigue Strength @ 5,000,000 cycles
uneventfully. 1 intra-op greater trochanter OTI Design 520700 Ibs.
fracture that was treated with screws. 2 neck . .

. Encore Medical Design > 1200 Ibs.
fractures revised to cementless stems.

Conclusions:

Modular neck design aids in fine tuning joint mechanics after
stem insertion, and allows for ease and access in case of
revisions. This modular neck design has eliminated (to date)
hip dislocations and we remain optimistic about its long-term
potential to improve clinical outcomes. Fatigue properties have
been significantly improved and no additional neck fractures
have occurred.

Hugh U. Cameron, M8, ChB, FRCS Chris . Leslie, DO,
Orthopaedic & Arthritic Institute, eslie Ortho
T
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Restoration of Femoral Offset Using a Modular
Dual-Tapered Trapezoid Stem

By: Allen Turnbull, M.D., K, Keggi, J. Keggi, R. Kennon, L. Keppler, M.D., T. McTighe, Dr. H.S. (hc)

Objectives:

The importance of restoration of femoral offset is

well published. However, many stems offer limited

offsets. The increased trend of using tapered stem

designs places more of a burden on correct restoration

of hip mechanics due to the variability of mid-stem

contact point during insertion.This poster is a follow-

up of previous work intended to review how proximal

modularity has been added to a Dual-Tapered Trapezoid

Stem design. Dual taper wedge designs have a long
history in Europe with growing use in the U.S. and Australia. However,
single offset monoblock designs often prove inadequate in restoration of
hip biomechanics.

Unlike traditional dual-tapered stem designs, the K2™ proximal modular
stem allows intra-operative versatility with the ability to independently
select the correct stem, neck and head configuration based on individual
patient anatomy.

Monoblock

Materials and Methods: style Tapered

Stem
Head center data for this stem has been
reviewed as to previous published works
that confirm that a wide variety of offsets
and lengths are required to properly
balance the soft tissues.

Further, when the data were sorted by

distal stem diameter, it was clear that

there is little correlation between head

center location and stem size. Further, a

significant number of small stems required

large offsets. Modular stem designs have

historically raised concerns about fatigue

strength and generation of particulate

debris leading to third body wear. High

cycle fatigue testing demonstrates this

Dual Press™ technology provides similar . _ . .
. reen previous Apex modular straight stem design

structural properties to many monoblock Blue tapered K2 stem design

designs.

Testing on abrasion wear generation was less than .004mg after 48.5 million
loading cycles. This is in comparison to be 1000x below yearly volumetric wear
to published reports on MOM articulations.

Conclusions:

This contemporary modular tapered stem design allows independent selection
of stem, neck and head combinations providing last minute fine tuning of joint
mechanics without disruption of implant to bone interfaces. The head center
data suggest that hip joint reconstruction benefits from the availability of many
head centers for every stem size.

K. Keggi, J. Keggi, R. Kennon

SR Timothy McTighe, P hD (he)
Keggi Orthopaedic >

Executive Director
oundation Joint Implant Surgery &
Allen Turmbu, M. Waterbury, T ReseachFundaion
The St. George Hospital L Keppler .
Sydney, AU Horizon Orthopedic
Cleveland, OH
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The Role of Modularity in
Primary THA - Is There One?

By Louis Keppler, M.D.*, Hugh U. Cameron, MB, ChB, FRCS§, Timothy McTighe, Dr. H.S. (hc)

« §

Cleveland, OH

Toronto, Ontario

A .
Joint Implant Surgery and
Research Foundation
17321 Buckthorne Drive
Chagrin Falls, OH 44023
440-543-0347 « www.jisrf.org

Introduction

Modularity or multi-piece stems are becoming
commonplace in hip revision surgery®'3151719.21 with
virtually all implant companies offering one version
or another. The role of modularity would therefore
seem to be firmly established for revision, but what
of primary cases??"

This study is a follow-up to previous

work with a further ten years

of cases reviewed. The real

question we face does the benefit of

modularity pay higher dividends than the potential risk factors. We
believe this review will provide guidance for others surgeons to
aid in their decision making process.

For almost two decades the two senior authors have been using a
proximally modular stem in primary cases. The S-Rom® stem has
basically not changed since 1986.4"2

The stem design is a monoblock titanium alloy (maximum
strength potential). The distal flutes historically were design

off the Sampson™ IM Rod system. The Sharp flutes provide
excellent distal torsional stability while reducing chances of distal
fixation. It is the design intent of this device to provide proximal
fixation and distal torsional stability. An additional feature of the
stem is the distal coronal slot. This provides for dual benefits,

the first is to reduce hoop tension during stem insertion thus
reducing distal fractures of the femur. And second (found out only
after the fact during clinical reviews) was the slot reduces distal
bending stiffness hence end of stem pain has not been a problem
(exception > 15mm dia. stems).5

Two Remaining Significant Problems in THA01215

#1 Dislocation #2 Wear Debris/Lysis
* Reports from 2-8%
* Higher in Posterior
Approach?
* Higher in Sm. Dia.
Heads
* Higherin
Revisions >20%

The Role of Modularity in THR

Modular means that the stem has
2 or more parts which can be
joined. Does that means any stem
with a modular head is a modular
stem? Not in today’s definition.
This exhibit is limited to the
femoral side and includes two or
more modular parts.”
Modular Heads

Modular Stem History

Modular stems have a long history staring with
McBride in 1948 that utilized a threaded femoral
component publishing his first account in JBJS

in 1952. This was followed in 1978 by Bousquet
and Bornand with the development of a proximal
modular stem that featured a proximal body that
was attached to a stem via a conical mounting post,
with 8 perforations that allowed for select angle
orientation for biomechanical restoration. Their
design also featured a screw-anchored intramedullary
stem design that was coated with AL,O,. Their initial
reports were presented in Basel in June 1982 at symposium on
cementless hips and published in Morscher’s 1984 book “The
Cementless Fixation of Hip Endoprostheses”. The
BSP Modular stem followed in 1988 and featured
a modular collar/neck assembly that was fixed

to the stem with a morse taper joint, a swa-tooth
macro interlock system (15° rotation per tooth),
and a set screw.®'®

A screw-
anchored
intramedullary
hip prosthesis

"
[} h_?

1988 proximal

modular design

The current S-Rom® Stem System represents the fourth
generation in the evolution of the Sivash Total Hip Stem since it
was introduced in the United States in 1972.16:2223

Sivash began development of his prosthesis in 1956 at the
Central Institute for Orthopaedics and Traumatology, Moscow,
Russia. By 1967 Sivash, had selected titanium alloy for the
femoral stem and proximal sleeve and chrome cobalt alloy for his
socket bearing and femoral head. A major focus was the design
of a constrained socket. The Sivash Total Hip System, introduced
by the U.S. Surgical Corporation, never received major clinical

or market success, partially due to the difficulty of the surgical
technique, and positioning of this constrained device.
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Modular Designs That Have Come and Gone™

Modular Failures & Concerns - Increased Risk?

Grove —

This is unique and has not been a significant problem

Unsupported Stems Will Fail Regardless of Fixation/Material/Design

(cement/cementless/monoblock/modular)

Bechtol described failure mode in 1970’s'

Fully Supported Stem Incompletely Supported Stem
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Material

955 (S-Rom®) primary cases in a combined series performed by
two surgeons at separate centers. 2-17 year follow-up (mean 11.5

yrs.)

HC: 517 cases (278 females/239 males) mean age 55; 162 CDH;
Mod. Watson-Jones approach; 26 lost to follow-up; 28mm head

Surgical Technique

(1986 stem design)
LK: 438 cases (237 females/201 males) mean age 68: 98 lost Neck Pilot Distal Conical Miller placement  Trial sleeve
: . . § resection insertion  ream ream Calcar mill insertion
to follow-up (older pts./relocation of practice); 32mm head (1986
stem design); Posterior approach
Note: variety of cups used
S-Rom® Evolution
Trial sleeve  Trial Final sleeve Stem Stem insertion tools
in place stem implanted insertion
Sivash 1960s
S-Rom S-Rom
125° 1986
1984-86 -
o AN
Sleeve
SRN 19705 S-Rom 1985
f?.ﬁgﬁié;ged ;”.2232;“"“ Metal bearing insertion. Hand ream /
sleeve better feel.
* Monoblock Stem Distal hand reamer
+ Stable Geometric Shape preparing medial triangle/
(PI’OX Cone & medial calcar miller not needed.
triangle distal flutes)
* Variety of fit & Fill Sleeves
+ Distal coronal slot
* Precise (modular)
instrumentation
Examples of problems:
Poly Wear Fractured greater
If delay too long trochanter through
before revision osteolytic cyst
poly wear through 2 hook plate
& cup damage Helpful for cup 1 wired

Constrained liner - 28mm
Skirt on neck made it very
vulnerable to mechanical failure.

revisions

1 compression screws

Failure of
bone in-
growth so
distal stem
is part of
the effective
joint space.
Osteolysis
developed.
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Osteolysis

HC: Distal to sleeve - 3; 2 primaries;
1 revision. LK: Distal to the sleeve -
0. Data suggests that the sleeve acts
as a seal, reducing poly particles
from passing distally. HA Sleeve: 114
currently being reviewed. Will this
function as well? Note: the 2 primary
cases of lysis one stem exchange with currette through sleeve
and one stem/sleeve revision

Sleeve acts as a seal

Dislocations

HC: 6 total; 3 closed reductions; 2 open
reductions; 1 stem removed/ new stem
inserted into sleeve

(30-36mm neck).

Note: Extensive trial

reductions — does not

take routine x-rays.

LK: 5 total; 2

closed reductions; Trial ROM
3 open reductions
(constrained sockets). Intra-op trial

stem
Note: routinely takes
intra-operative x-rays/
generally results in fine-tuning of fit.

Stem Revisions

HC: 5 total; 1 for aseptic loosening; 2 late sepsis; 2 early bone
fractures.

LK: 4 total; O for aseptic loosening; 4 late sepsis.

Note: 5 pts. Required onlay grafting for significant progressive
end of stem pain (+15mm dia. stems)

OmniTrack™ table mounted
retractor system increases
exposure particularly in revisions.

Onlay strut graft

Lessons Learned

HC: Small dia. head greater wear problems; Routine
now 32mm c.c. head; Large/active males metal-
metal bearings; Neutral liner; Smaller incision; type C
bone and elderly (cement stem).

LK: 36mm ceramic head with cross-link poly; + 4mm
lateral offset poly (for increased poly thickness &
offset); Hand reaming (better feel for bone); Neutral
liner; Routine posterior

capsule closure (added
security); Smaller incision
(average 7cm); type C bone (does not
use S-Rom, uses a taper cementless
stem).

Since the advent of the S-Rom® (1984)
prosthesis it has been clear that modular
(stem/sleeve) approaches can be used
to successfully address implant stability
especially fit & fill problems.

Small posterior incision

Final Comments Porous coating separation
The long-term results for this
series has demonstrated the
S-Rom stem to be safe and
effective for primary THA.
Initial concerns over fretting
and fatigue failure of the
modular junction have not been
observed.
Aseptic loose cup.
The lack of aseptic loosening
(1 stem) clearly demonstrates
this design provides initial stability leading to
long term fixation. Stem survivorship is 99.8%
at 11.5 years (best case assuming none of the
loss to follow-up were revised).

The main problem appears to be cup/liner
related and the lack of distal lysis suggests that
the stem/sleeve Morse taper interface does not
act as a pathway for the migration of debris.

We continue to use and recommend this
device.
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Introduction

THA continues to improve
but complications still
occur. Dislocation
continues to be a
significant problem."2 The
causes for dislocation can
be multi-factorial, and
include: mal-positioned
components, soft tissue
laxity, component design,
head size, component
orientation, surgical approach
and impingement of
component-on-component
or on fixed obstructions
such as osteophytes.3#56
Weakness of the abductor
muscles due to improper
reconstruction can

also be a contributing
factor.”8 In countering
these factors, stability

is often achieved at

the expense of limb
lengthening.

Component-

= ON-COMponent
impingement.

Over lengthening or
shortening of the joint
center can result in limp,
back pain, increased risk
of dislocation, revision
and legal problems.

We see a number of

trends that indicate hip joint instability remains a significant
concern in THA outcomes: Big Heads, increased use of
constrained sockets and development of expensive surgical
navigation technology.

UMNIMB SC\BHDB www.omnils.com

Joint Implant Surgery and
Research Foundation
17321 Buckthorne Drive

Chagrin Falls, OH 44023
440-543-0347 « www.jisrf.org

175 Paramount Dr.
Raynham, MA 02767

Immediate Goals iolfsetie
. . monoblock

Eliminate Pain designs
* New hip

Restore Function
* Reproduce hip

mechanics Offset

1.Femoral
Offset
2.Neck Length  centerof |

3.Version Angle Retation <
F/Axis

Two Remaining Significant Problems in THA

#1 Dislocation

#2 Wear Debris/Lysis
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Methods

To study the influence of implant geometry on tissue
balancing and joint stability, the authors selected a stem
system that permits the independent selection of lateral
offset, version and leg length. This study presents the short
term results of this experience.

957 THA's were performed using the Apex Modular™

Stem, beginning in May 2001. 842 were primary and Instability - What ~ Modular Heads Big Heads! Biomechanical
.. s should be done? allow length Theoretically, a Solution

115 were revision cases. All were performed using the Trail reduction adjustment, bigger head is Modular Neck!

posterior approach. Acetabular implants from a variety fomtnstapiy  moasehesd  meouromesof  jomt stanity

of manufacturers were employed. All cases were fully with Signt . :ggqte’;];gfeases motion V;.';%’;;he Lergggfégntgth for

I . I | It

cementless. Data on stem, neck and head selection were length. mtﬁmzigﬁgbmw

available for 800 of these cases. Head centers were plotted is Unchanged

in bubble chart format. (e the same).

Design

Apex Modular™ Stem

+ Modular necks for optimized lateral offset, leg length, and anteversion

+ Key-hole proximal geometry with steps for good fill and initial stability

+ Circumferential plasma sprayed CP titanium coating

+ Distal slot(s) for reduced end stem stiffness

* No skirted heads

+ Modular design allows for large selection of necks, to achieve proper combination of
lateral offset, leg length, and anteversion

* Dual Press™ connection* is simple, robust, and stable

* Indexing permits neutral, and +13° anteversion

Dual Press™
The Dual Press modular junction employs two areas of cylindrical press-fit*.

To create a mechanical lock, the proximal and distal diameters of the peg are slightly larger
than the corresponding holes in the stem, creating two bands of interference, or “press-fit”.

Dual Press™ vs Taper

Taper connection necessitates leaving a gap
*+ Apex’s Dual Press™ connection allows neck to fully seat*
+ Stem provides medial support, which increases strength and allows higher lateral offsets

Improvements Made
Pin strength: [phered Boaign >

Design
Old- 95 ft-lbs  New- 210 ft-lbs

Plug Bolt
Previous
Locating Locating design.
Pin Pin Anteversion
16° in all necks
Previous design. Current design. Current design.
Locating pin is Locating pin is .188”. Anteverted necks are a
.125". Plug seals Bolt seals hole and separate code, + 13°
hole but does not engages stem.

engage stem.
]
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Surgical Technique

Typical 15 - 40° more ROM with neck anteverted.
13° anteversion
0° neutral
13° retroversion
Neutral neck position. 13° anteversion.
Anteverted neck used 18 times in the first 200 cases.
Results

The center of the bubble is head location; the diameter
is an indication of frequency. Representative frequency
values are given for several locations.

The head center location data clearly showed
that a wide variety of offsets and lengths

are required to properly balance the soft
tissues. Further, when the data were sorted
by distal stem diameter, it was clear that
there is little correlation between head

center location and stem size. Further,

a significant number of small (10 mm or

11.5 mm) stems required large (>45 mm)
offsets.mbe !
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Results (continued)

Lateral offset data are available in the literature for cadaver
femora. We plotted our data on the same scale for
comparison. The similarity of the lateral offset distribution
confirms the appropriateness of the surgeons’ head center
selections.

1 Noble, Philip C., M.S., Alexander, Jerry W. B.S. et al, “The Anatomic Basis of Femoral Component
Design”, Clinical Orthopedics and Related Research, Number 235, October, 1988.

3 stem’s locating pins failed (0.3%)*

2 dislocations (0.2%)**

0 significant length inequalities (+/- 5mm)

* 14 intra-operative fractures***

+ 0 significant thigh pain

* 10% version indexed

13° anteversion

*All three required revision of stems. One replaced with same device, one replaced
with cementless monoblock and one replaced at different center.

**One of the dislocations was treated conservatively after closed reduction and went
on to an unremarkable course. The second had received a neck in the anteverted
position and dislocated anteriorly. The surgeon chose to reoperate, remove the
modular neck component and reinsert it in the neutral position, after which the
patient rehabilitated normally.

***Intra-op fractures were encountered during first twelve months during
instrumentation development (all wired without compromise to recovery).

Discussion

Restoration of normal joint biomechanics on a consistent
basis was possible using the Apex Modular™ Stem
because of the intra-operative versatility that stem system
offers in regards to head center location when compared
to monoblock stems. It combines the fit and fill features

of today’s contemporary cementless stems with updated
modular components that provide for independent offset,
version and leg length adjustments. This unique modular
design allows for a large selection of proximal bodies to
enable targeted implant selection for the restoration of
proper soft tissue tension and joint biomechanics. Continued
long-term follow up will provide additional information to aid
in validation of this design concept.

Summary

* Modular neck design aids in fine tuning joint mechanics

+ Works with all surgical approaches

+ Allows for femoral stem insertion first (aids in reducing
blood loss)

+ Allows for ease and access in case of revisions

* Reduces chances of mechanical impingement of
implants with mini-incision surgical approaches

Dual Press™ modular
stem inplanted

Anterior-mini incision Neck placement

Conclusion

The head location data suggest that

hip joint reconstruction benefits from

the availability of many head centers

for every stem size. This may be

accomplished with a large inventory

of sizes or with a modular device.

Review of 957 hips implanted for

both primary and revision cementless

application leads the authors to conclude that this “Dual
Press™” proximal modular stem design is safe, effective and
provides for a more accurate approach for reconstructing
the biomechanics of the hip.
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Defining The Role Of Modular Stem Designs In THA
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Introduction Methods Results Conclusion
Modularity or This paper is a follow-up to previous 12 femoral component failures have Authors remain enthusiastic about the

multi-piece stems

are becoming
commonplace in
THA with virtually
all implant companies
offering one version
or another. Therefore
the role of modularity
would seem to be
firmly established,
but what if any limits
or contraindications
should be considered
in light of increased
patient related activities?

APEX K2 Stem

Example hihg activity levels.

During the 1980’s concern was expressed
that the use of a modular stem might
produce fretting leading to osteolysis and
component failure.

Surface
corrosion.

S-ROM 1984 groved stem. This is unique

] Fretting
and has not been a significant problem

debris.

The early nineties saw a number of first
and second-

generation

modular stems

come and go. It

is important to

understand the

specific design

features and goals of modular total hip
stems and not to lump all designs into
one simple category “Modular Stems”.
In fact, modular sites, designs, features,
material and quality can be quite different
in nature and sophistication.

Modularity Classification

Proximal
’
Proximal
Sleeve [ it Pads
Neck
Collars
Mid-stem
. ¥
, , ] 4 ._I'
Mid-stem and
proximal.
Distal Multi-Modularity

Some devices have one or more modular
junctions. The RMS was one example of
Multi-Modularity that provided up to six
modular interface sites.

work by the authors intended to be a
concise review of historical perspective,
current trends, surgical experience,

and results in using a variety (seven) of
modular stems.

Surgeon authors have implanted over
3,000 modular stems since 1984 for both
primary and revision THA. This paper
will highlight experience for 2,248 stems
used for primary THA in both cemented
and cementless cases as they relate to
femoral component failure (fracture).

1. S-Rom (JMPC/DePuy)
1155 stems implanted.

2. Apex Modular (Straight Stem)
500 stems implanted. i’

3. K2 Apex (taper stem)
109 stems implanted.

4. OTI/Encore R-120 cemented stem
245 stems implanted. .,

5. OTI/Encore R-120 porous cc
cementless stem

82 stems implanted.

6. UniSyn (Hayes Medical)
50 stems implanted.

7. Cremascoli Modular Neck (Wright

Medical) J

107 stems implanted.

Unsupported Stems Will Fail
Regardless of Fixation/Material/
Design
(cement/cementless/monoblock/modular)
Bechtol described this failure mode in the
1970’s.

Available implant material cannot support
high BMI and high patient activity in the
absence of bony (structural) support.

Fully Stem Stem

| i

occured

2 in a c.c. proximal modular neck
cemented stem (fig. A).

Figure A. Fractured neck. Figure B. Pin fragment.

10 in a proximal modular titanium
shoulder neck cementless stem (fig. B).

Both of these devices were immediatetly
discontinued from clinical use by the
authors until redesigned and strength
properties significantly improved.

Problems

Femoral compenent fractures historically
are a result of fatigue failure as the
fractured neck show in Figure A.

However, we are beginning to see high
impact static- shear failure of femeral
components as shown in Figure B
(torsional failure of locating pin).

OTI/Encore Modular Neck

\ Failures occurred

in the distal neck
engagement taper

Encore Improvements

OTI “Old” Design Encore “Current” Design

40.7%
Surface Area 14% Upper

I ~<—— Taper
ncrease \ Diameter
Increase
26.6% Distal
— .5%
Taper Longin ~—em
Increase

Diameter
Increase
Fatigue Testing Results
Fatigue Strength @ 5,000,000 cycles
OTI Design 520-700 Ibs.

Encore Medical Design > 1200 Ibs.
Apex Neck Retrievals

All retrieved stems that we have been
examined suggest quasi-static shear
failure of the alignment pin — a single
high load (high torsion) event.

Apex Improvements

Pin strength:
Old- 95 ft-lbs

Plug

New- 216 ft-Ibs

~  Locating Pin Locating Pin

Pin diameter has been increased from
.125” to .188” along with added feature
of a bolt that engages the stem. This has
resulted in +225% increase in pin shear
strength.

use of modularity and surgeon co-authors
continue to use modular stems as part

of their routine treatment of THA. It is
important to remember all devices are
subject to failure. It is also necessary to
recognize design and material limits and
not to over indicate in high risk patients.

Warn your patients that device failure is
directly linked to activity and BML

Recognize required technique for specific
modular designs and do not attempted to
change surgical technique and component
selection at the same time.

Revisions are always with us — select

devices that take retrievability into
account.

"University Orthopaedics,
Inc., Providence, RI

L e

(/\ T JISRF 2Joint Implant
Surgery and
Research
Foundation

17321 Buckthorne Drive
Chagrin Falls, OH 44023
440-543-0347

www jisrf.org

3Orthopaedic & Arthritic
Institute, Toronto, CA

“Keggi
Orthopaedic
Foundation,
Waterbury, CT

5Iam Woodgate
Sydney, AU
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“Within Any Important Issue, There Are Always Aspects No One

Wishes To Discuss” - Femoral Component Failure

Keggi, K.', Keggi, J.!, Kennon, R.", Tkach, T.2, Low, W2, Froehlich, J.%, McTighe, T.%, Cheal, E.5, Cipolletti, G.5

Introduction And Aims

Complications still occur in THA. One
of these complications continues to be
femoral component failure.

This subject needs more open discussion.
The literature documents examples that
unsupported stems will fail regardless

of fixation, material, and design but has
not recently addressed the risk due to
increased patient activity.

Metal fatigue is caused
by repeated cycling of the
load. Itis a progressive
localized damage due to
fluctuating stresses and
strains on the material.
Metal fatigue
cracks initiate
and propagate
in regions
where the
strain is most
severe.

Fatigue failure c.c.
modular neck.

Fractured titanium modular neck.

The process of fatigue consists of three
stages:

* Initial crack initiation
* Progressive crack growth across the part

* Final sudden fracture of the remaining
Cross section

All devices are subject
to fatigue failure
especially with the
increased patient activity we are seeing
today. There are reports of device failure
regardless of material, and
regardless of design style
(monoblock, modular).
Recent reports of failures
of modular revision stems
have led to more vigorous
testing and the development of implants
with stronger modular junctions. In
addition stems have been designed with
greater ability for bony fixation above the
modular junction. It is anticipated that
modular stems

which allow for

fixation above

and below the

modular junction
should be less
susceptible to late
failure of those junctions. Recognizing
design and material limits is part of the
surgeon’s responsibility in choosing the
appropriate implant.

Fractured chrome cobalt AML®
monoblock stem.

Fractured titanium
SROMP stem.

Reducing Fatigue Failure

The most effective method of reducing
fatigue failure is to make improvements
in design:

* Eliminate or reduce stress raisers by
streamlining the part;

* Avoid sharp surface tears resulting from
punching, stamping, shearing, or other
processes;

* Prevent the development of surface
discontinuities during processing;
* Reduce or eliminate tensile residual
stresses caused by manufacturing;

* Improve the details of fabrication and
fastening procedures.

There are a number of methods available
to a manufacturer to increase fatigue
strength and reduce fretting wear.
However, no individual design, material,
or process offers absolute guarantees
with regard to mechanical failure given
the increased popularity of high-impact
activities in today’s lifestyles.

Methods

1,568 cementless stems were implanted
since June 2000 for primary THA
featuring a proximal modular neck
design. All were implanted in six separate
centers by eight surgeons. Twenty-two
femoral component failures (locking
pins) occurred between 13 to 50 months
post-operatively. Each center used a
different surgical approach (posterior,
anterior muscle sparing, modified direct
lateral) and a variety of cups and bearing
surfaces.

All cases were reviewed as to surgical
technique; implant size, patient activity
and examination of retrieved device.

Material
Apex Modular™ Stem Design

*  Modular necks for optimized lateral
offset, leg length, and anteversion

* Key-hole proximal geometry with
steps for good fill and initial stability

* Circumferential plasma sprayed CP
titanium coating

¢ Distal slot(s) for reduced end stem
stiffness

¢ No skirted heads

*  Modular design allows for large
selection of necks, to achieve
proper combination of

lateral offset, leg length, and
anteversion

¢ Dual Press™ connection is
simple, robust, and stable

* Indexing pin permits
selection of neutral, and 16°
anteversion position

Dual Press™

The Dual Press modular
junction employs two
areas of cylindrical
press-fit.

i

To create a mechanical lock, the proximal
and distal diameters of the peg are
slightly larger than the corresponding
holes in the
stem, creating
two bands of
interference, or
“press-fit”.

Apex's Dual Press™
connection allows
neck to fully seat.
Stem provides medial
support, which
increases strength and
allows higher lateral
offsets.

Results

Twenty-two locking pins were sheared
resulting in torsional instability of the
proximal modular junction. Patient’s
complaint of an initial popping sound
associated with a sense of hip instability
was consistent in all. Pain
was mild to moderate
with initial x-ray
appearance normal.

Surgical intervention
found locking pin to be
sheared with rotational instability of
the proximal neck and black staining of
tissue due to metal debris. Twenty-one
stems have been revised with standard
length cementless

stems of a variety

of designs. All

have gone on to o
full recovery. One

patient is not a

surgical candidate

and is not experiencing any significant
pain.

No material or fabrication defects were
found. No surgical errors were found.
Mechanical testing demonstrated safety
levels to be beyond published activity
loads. The culprit (in most cases) appears
to be patient activity.

Stem Removal

Components are
designed with an
axial extraction
feature that
facilitates
removal. This
allows preservation of proximal bone
stock for re-implantation.

Retrieved stem.

Apex Neck Retrievals

All retrieved stems that we have been
examined suggest quasi-static shear
failure of the alignment pin — a single
high load (high torsion) event. There is no
evidence of fatigue failure as described
earlier.

Kaplan-Meier survival analysis indicates a 98% survival at six years,
including these mechanical failures

Apex Improvements
Pin strength:
Old- 95 ft-lbs ~ New- 216 ft-Ibs

Plug Bolt

] Locating Pin o I' Locating Pin

Pin diameter has been

increased from .125” to  od New
.188” along with added

feature of a bolt that

engages the stem. This

has resulted in +225%

increase in torsional strength.

Conclusions

Historical published reports on torsion
loading along with BMI have been
underestimated. Increased patient
activities are subjecting devices to
unprecedented load levels.

Current patient activities generate excess
of 95 ft pounds of torque. This review
should be helpful in stem selection and
increased warning guidelines as to patient
activities.

“Keggi
Orthopaedic
Foundation,
Waterbury, CT

2McBride Clinic, OKC, OK

3University Orthopaedics,
Inc., Providence, Rl

Research
Foundation

SRE 2Joint Implant
Surgery and

~
@
OMNIlife science

50mnilife Science, LLC.,
Raynham, MA
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Modular Stems for Revision THA

By H. Del Schutte, Jr., M.D., Harry A. Demos, M.D., Neil C. Romero, M.D., Timothy McTighe, Dr. H.S. (hc)

Introduction

Revision hip arthroplasty has become an increasingly common surgical procedure.
Approximately 100,000 joint revisions are done per year in the United States and repo rts
indicate an increase of 11-13% in 2004. Recently there has been an increase in the use
of distally fixed proximal modular stems in an attempt to decrease the implant and joint
instability and offset problems occurring during revision hip arthroplasty.

The most common cause of proximal bone loss is due to osteolysis and aseptic loosening,

resulting in a variety of femoral deficiencies that

makes revision surgery more difficult3,15.

The following assessment system has proven to be helpful for selection of specific implant

design features.

Area of Concern - Fatigue Strength

All devices are subject to fatigue failure especially

with the increased patient activity we are seeing

today. There are reports of device failure regardless

of material, and regardless of design style

(monoblock, modular). Recent reports of failures of

total hip stems have led to more vigorous testing

and the development of implants with improved

material properties. In addition stems have been

designed with greater ability for bony fixation at

all levels of the stem. It is anticipated that all stem

designs which allow for better fixation have the
potential to be less susceptible to late failure.

Recognizing design and material limits is part of the

surgeon’s responsibility in choosing the
appropriate implant16.
The issues of fatigue, fretting and

corrosion are areas that we are all
concerned
with and need
to know how
our individual
modular devices
stack up. Itis
not possible
for community

based Fx.cc.cemented  Fx. Bridge™ Titanium  Fx. c.c. cementless

orthopaedic

Cemented

surgeons to know or be familiar with
all the current standards for material

testing but we do have

a responsibility

to demand and review from device
manufactures appropriate material test
on the devices we are using especially new materials and designs.
Patient activity is placing higher demands than ever before on
total joint reconstruction and revision surgery is often the reality
especially when one does not understand or appreciate the limits

of design and /or material of the device that is selected.

Restoring Hip Mechanics

Examples of increased
patient activity.

Restoration of hip joint mechanics is critical to a successful

outcome for all total hip reconstruction18.

Correction of femoral head offset affects the joint
reaction line and helps restore mechanical balance

between adductor forces7,12. If the offset is too
short it will result in increased resultant forces
across the hip joint, and possibly increase limp7.

Offset too great will increase torsional and bending

forces on the femoral implant.

Vertical height too short can jeopardize joint
stability and if too long can result in nerve palsy
and patient complaints. Incorrect version angles
can impact range of motion resulting in implant
impingement, joint dislocation, and increased
generation of particulate debris.

Ly
Medial
Ofset

Range of Motion

Two factors that can
affect range of motion are
component positioning and
component geometry®*.
Head diameter, neck shape

and skirts on femoral Activities
heads can all affect hip
range of motion®. Although
physiological range of
motion varies for each
patient an average of 114° of -
flexion is required for sitting. _:// 1
There is no question that \-‘,l}
certain activities require a It
greater degree of motion. _I.'.
Major Problems '
Two major problems in revision hip surgery
are joint stability and correction of leg length.
According to Dr. Hugh U. Cameron the most
significant medical/legal concern in THA is leg
length discrepancies. Estimating dislocation
rates of both 2% and 10% there would be a o
corresponding 6 to 30 thousand dislocated Leg length
) g length.
hips each year. Subsequently total cost of Hip Dislocation.
dislocations in the U.S. would be $64.522 to
$322.5 million respectively.
Implant Selection # F
The Restoration® Modular Stem system allows for independent ﬁ.
selection of proximal bodies and distal stem styles and lengths. The }
mixing and matching of the modular components provide |

significant versatility in treating femoral deficiencies. The
proximal body is attached by means of a taper lock that has
received proprietary processing (shot peening) yielding higher
fatigue, fretting and torsion results. s
This poster will focus on our experience using the cone-
shaped proximal bodies of the R/M Cone, RT3 and Link
MP™,
Fifty Restoration® Stems were used for revision of
indexed primary stems, secondary revision stems, and
infections. A variety of bone dificiences were encountered
from minor bone loss (type 1) to extreme (type 4) requiring
both impaction and strut grafts.
Of the fifty, thirty-five stems were the original T3 design,
fifteeen stems were the new Restoration® Modular cone, and twenty-three Link MP stems.

Sizing Versatility

e Link P stem

Distal Stems

Distal stems of the Restoration® Modular are available in three different styles including
fluted, plasma coated, and conical straight taper stem. All stems are available in a variety of
lengths and styles (straight and bowed). Our experience is with the conical stem.

The fluted distal stem of the Restoration Modular is
designed from the successful stem geometry of the Wagner
stem that has demonstrated excellent bone adaptation as
shown to the right in this retreived specimen.

Conical

Fued  Plasma

Flute, 11x Flute, 30x
magnification magnification
Cross section,
distal region  Retrieval 5.5 months after implantation,
65 year old, 85kg patient.
RK_Schenk, U. Wehri; On the reaction of the bone to

a cementless SL femur revision prosthesis; Orthopade
(1989) 18; 45:4-462

Results
+99-02 23 Link MP
- 1 stem fracture
- 1 dislocation
-0 clinically observable subsidence or
aseptic loosing
+01-Current 50 restorations
-01-03 35 RT3
- 04-Current 15 Restoration Modular
+2 patients deceased
3 patients lost to follow-up
+0 dislocation
«0 fractures
+0 revisions
*No measurable subsidence
Long-term data is necessary to clearly
demonstrate the viability of modular revision
systems. However, recent improvements to
mechanical properties of the taper along
with proven stem design features should aid
the surgeon in restoring normal mechanics
to the reconstructed hip.

Predictions and Concerns
*Modularity is here to stay

*Increased Patient Activity & BMI
Influences Outcomes & Device Failure
1. High Impact Yield Failure
2. Long Term Fatigue Failure

*Increased Device Malposition due to
Limited Exposure

*Increased Medical/Legal Exposure

Final Comments
«All devices are subject to failure.
*Recognize design and material limits and
do not over indicate,
*Warn your patients that device failure is
directly linked to activity and BMI.
*Recognize required technique for specific
modular designs and do not attempted
to change surgical technique and device
technique at the same time.
*Revisions are always with us — therefore
select devices that take retrievability into
account.

Laose cemented stem. Revision Impaction

restoration graph three

conical cone  years post-

one year op.

post-op.
Infected cemented stem. Antibiotic cement spacer. Revision modular stem.
Infected hip revision. Revision modular stem with Inital post-op. Two months post-op.
Antibiotic cement spacer. st grafts.
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Target Restoration of Hip Mechanics in THA

By: Tom Tkach, MD1 ; Warren Low, MD‘; George B. Cipolletti, MSZ; Timothy McTighe, Dr. H.S. (hc)®

1110 North Lee

Okahoma City, OK 73101
www.mebrideclinic.com

(1) Orthopaedic & Arthritis
Center, McBride Clinic, 1110
North Lee, Oklahoma City, OK

lengthening.
73101, (2) g g

12 Harding St.
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(2) Managing Director Apex
Surgical, LLC, 12 Harding St..
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Instability - What should
be done? Trail reduction

(3) Executive Director, Joint

Implant Surgery & Rescarch

Modular Heads allow length
adjustment, unfortunately
increase head length increases

Introduction: THA continues to improve but complications still occur. Dislocation continues to be a significant problem. The
causes for dislocation can be multi-factorial, and include: mal-positioned components, soft tissue laxity, and impingement of
component-on-component or on fixed obstructions such as osteophytes. Weakness of the abductor muscles due to improper
reconstruction can also be a contributing factor. In countering these factors, stability is often achieved at the expense of limb

To study the influence of implant geometry on tissue balancing and joint stability, the authors selected a stem system that permits the
independent selection of lateral offset, version and leg length. This study presents the short term results of this experience.

Biomechanical Solution
Modular Neck! Add offset for

Big Heads! Theoretically, a
bigger head is more stable... At

the extremes of motion when

joint stability reduce length for

demonstrates joint instability with

Founda . 17321 Buckthe Dr., . .
e s slight increased leg length.

Chagrin Falls, OH 44023

leg length. the neck impinges In this case, proper gait.
intrinisic stability is unchanged

(Head center stays the same).

Methods: 957 THA’s

were performed using the
Apex Modular™ Stem,
beginning in May 2001.
842 were primary and

115 were revision cases.
All were performed using
the posterior approach.
Acetabular implants from

a variety of manufacturers
were employed. All cases
were fully cementless.
Data on stem, neck and head
selection were available for
800 of these cases. Head
centers were plotted in
bubble chart format. The
center of the bubble is head
location; the diameter is

an indication of frequency.
Representative frequency
values are given for several locations.

Surgical Technique

Medial Head Positions

W:

Results: In this clinical series,

3 stem’s locating pins failed’, we
observed 2 dislocations™, 14 intra-
operative fractures™, no significant leg
length inequalities (+/- Smm), and no
significant thigh pain. Approximately
10% were indexed to a position other
than neutral version. Lateral offset
data were tabulated and compared to
data from the literature.

Typical 15 - 40° more ROM with neck anteverted.

Percent of Cases

2125 2630 3135 3640 4145 46.50 5155 5660 6165
Femoral Head Offset (mm)

The head center location data clearly
showed that a wide variety of offsets
and lengths are required to properly
balance the soft tissues. Further, when
the data were sorted by distal stem
diameter, it was clear that there is
little correlation between head center
location and stem size. Further, a
significant number of small (10 mm
or 11.5 mm) stems required large (>45
mm) offsets.T0!

1 Noble. Philip C., M.S... Alexander, Jerry W. B.S. et al, “The Anatomic Basis of Femoral Component
Design”, Clinical Orthopedics and Related Research, Number 235, October, 1988,

Neutral neck position. 15° anteversion.

Aneterved neck used 18 times in the first 200 cases.

Discussion: Restoration of normal joint biomechanics on a consistent basis was
possible using the Apex Modular™ Stem because of the intra-operative versatility
that stem system offers in regards to head center location when compared to
monoblock stems. It combines the fit and fill features of today’s contemporary
cementless stems with updated modular components that provide for independent
offset, version and leg length adjustments. This unique modular design allows for
a large selection of proximal bodies to enable targeted implant selection for the
restoration of proper soft tissue tension and joint biomechanics. Continued long-
term follow up will provide additional information to aid in validation of this
design concept.

Lateral offset data are available in
the literature for cadaver femora. We
plotted our data on the same scale
for comparison. The similarity of the
lateral offset distribution confirms the
appropriateness of the surgeons’ head
center selections.

*All three required revision of stems. One re-

Py [ . N
- - placed with same device, one replaced with

g i E:'f \ﬁ'lwf:"p cementless monoblock and one replaced at differ-
- e ., ent center. . . P . N
19 s A5 ] ) Conclusion: The head location data suggest that hip joint reconstruction benefits
L2 ":_ 12 ; #One of the dislocations was treated from the availability of many head centers for every stem size. This may be

13 &5 . . . . . - . . .
T conservatively after closed reduction and went accomplished with a large inventory of sizes or with a modular device. Review

A — 15 3 Ce . .. . .
| & 0| Wt onto o ?“YC'T(?'kaE'c,‘“"’S“‘ E}“ second hdad of 957 hips implanted for both primary and revision cementless application leads
TTE e 1] T E YE‘CCIVC a nec _ml € anteverte posuon anc P ™ . . .
] dislocated anteriorly. The surgeon chose to the authors' to concludelthat this “Dual Press™” proximal modular stem F1651gn is
Table 1 reoperate, remove the modular neck component safe, effective and provides for a more accurate approach for reconstructing the

Poster Exhibit
2005

and reinsert it in the neutral position, after which

biomechanics of the hip. All current stems feature a larger, stronger locating pin
the patient reahbilitated normally. 0 o P ger, stronger 1o g P!

and bolt.
**[ntra-op fractures were encountered during

first twelve months during instrumentation

development.
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Joint Implant Surgery
& Research Foundation

February 2005

Difficult Hip Revision
Surgery, Can It Be Easier?

Introduction
By Timothy McTighe, Editor

Since 1971, by the pioneering efforts of
its Founder Dr. Charles O. Bechtol, JISRF
has brought to the orthopaedic community’s
attention new techniques, product and
research tools in the effort to advance
the practice and outcomes of total joint

surgery?'. This edition will highlight three
new technologies that we believe can provide
the community orthopaedic surgeon new
approaches to making difficult hip revision
surgery easier, more cost effective and provide
for practical clinical outcomes.

Over the past thirty years, total hip revision
surgery has become increasingly more

sophisticated and demanding as we encounter ;s has become increasingly more
more difficult and unusual situations'>2°.
The use of autografts, allografts, modular
and custom implants place a high demand
on both the surgeon and the surgical team. The demands on experienced
OR personnel place a higher cost on the procedure, as does the increased
surgical time to perform hip replacement surgery. As a result, the
Community Hospital sees no financial reward to offering this treatment
modality to its local patients. This is becoming a significant problem to the
local community requiring patients to travel greater distance placing more
burdens on the family and the family’s budget.

Understandably, cases involving difficult hip replacement do not lend
themselves to scientific review with statistical analysis. They do, however,
give an opportunity to discuss experiences with certain interesting and
unusual problems®7:2°,

sophisticated and demanding as
we encounter more difficult and
unusual situations.

In This Issue:

Page
0 Introduction

e Feature Article:
“Modular Stems for
Revision THA”

Q Surgeon Highlight
- Dr. John H.
Harrison, President
Australian
Orthopaedic
Association

9 A Table-Mounted
Retraction System
is Setting a New
Standard For
Hip Exposure

“OmniAccess™
Hip Retractor
System”

@ “Mobile Gait
Analysis” A New
Tool For Post-Op
THA Evaluation

@ Commentary

Joint Implant Surgery and
Research Foundation
is a non-profit scientific and
educational organization founded
in 1971 by professor Charles O.
Bechtol, M.D.

The foundation over its past
30 years has conducted CME
activities for both surgeons and
nurses while sponsoring clinical
/surgical study groups, including
basic science projects that have
led to the development and
marketing of significant Total Joint
Replacement Implants.
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Modular Revision Stems Modular total hip stems are not new but what
is new is the idea of a comprehensive modular
stem system that allows the surgeon to select the
best possible design features intra-operatively
with a simple reproducible instrumentation
system. Remember it is important to understand
Modularity - does it seem confusing to you? the specific design features and techniques for
each modular stem design and not to lump all
designs into one simple category “Modular
Stems”. In fact, modular sites, designs, features,
material, fabrication and quality can be quite
different in nature and sophistication’®.
There are many competitive revision
modular stems currently on the market.
Some have proximal modular features,
and some mid-stem modularity. Most
designs that featured distal modularity
have been discontinued due to either Distal
. sleeve.
poor performance or lack of clinical/
surgical need.

This issue’s Feature Article highlights the use
of modular multi-component femoral stems in
revision hip arthroplasty.

For additional information on cementless modular
stems you can review May, 2002 JISRF Update
Newsletter.

Also covered in this issue is a new approach
to surgical retraction
featuring a table-
mounted system
called Omni-
Access™ from
Omni-Tract Surgical.
Surgical exposure
is always a challenge
with revision surgery.
This table-mounted device provides excellent
exposure with features that place less traction on
the skin edges, minimize bleeding and reduce
the need for additional surgical assistants.
A new way of
generating hard post-
operative outcome
data in a cost
affordable manner is
the IDEEA® LifeGait™
System (Intelligent
Device for Energy Expenditure & Activity).

2 Joint Implant Surgery & Research Foundation e jisrf.org
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FEATURE

Modular Stems for Revision THA

JISRF Update

ARTICLE

By H. Del Schutte, Jr., M.D., Harry A. Demos, M.D., Neil C. Romero, M.D., Timothy McTighe, Dr. H.S. (hc)

Introduction

Revision hip arthroplasty has become an
increasingly common surgical procedure.
Approximately 100,000 joint revisions are done
per year in the United States and reports indicate
an increase of 11-13% in 2004'°. In comparison
to primary THA revisions are associated with
a markedly increased technical difficulty,
increased complication rate and cost. The
primary challenge in revision hip arthroplasty is
stable implant fixation in the face of significant
bone loss. As this bone loss is most common
in the proximal femur, the most widely used
implants are those which obtain fixation in the
distal diaphyseal bone. Traditionally, the most
commonly used revision stems are distally fixed
non-modular implants. The ability to adjust
version, offset and length is limited once distal
fixation is achieved. These constructs have
association with markedly higher dislocation
rates when compared to indexed THA. Primary
rates running from 1.4% to 4.2% with a mean
3.1%. Revision rates range 3.2-10.5% with a
mean of 9.4%". Recently there has been an
increase in the use of distally fixed proximal

modular stems in an attempt to decrease the
implant and joint instability and offset problems
occurring during revision hip arthroplasty.

The goals of revision surgery remain the
same as primary arthroplasty: reduction of
pain; equalization of leg length; restoration of
movement; creation of joint and implant stability.
However, to accomplish the reconstruction
successfully, often requires the use of autografts,
allografts and modular implants®'>.

The most common cause of proximal bone
loss is due to osteolysis and aseptic loosening,
resulting in a variety of femoral deficiencies that
makes revision surgery more difficult*'>.

The AAOS and a number of authors have
defined and classified femoral defects'®. Some
of these classification systems are quite complex
and require the need of a reference chart.
Mattingly et. al., presented a modified AAOS
classification system in a Scientific Exhibit
“Revising The Deficient Proximal Femur” at the
AAOS 1991 Annual Meeting. This system was
helpful but still quite comprehensive. We prefer
to use a simpler classification' that has proven to
be helpful for selection of specific implant design
features.

Assessment of Bone Loss

Type 1 - Minor Bone Loss
¢ The metaphysis is slightly expanded, but intact.
* There is minor calcar loss
o There is slight cavitary expansion
¢ The diaphysis is intact
Type 2 - Significant Bone Loss
The metaphysis is comprised.
Calcar is gone
There is cavitary expansion
Proximal bone is thin and incapable of structural support
The diaphysis is intact
e 3 - Massive Bone Loss

Ty,

=]

Metaphysis and part of the diaphysis are deficient.

The metaphysis offers no rotational stability.

There is massive cavitary expansion.

Implant stability is dependent on distal diaphyseal fixation.
4 - Extreme Bone Loss

Extensive proximal circumferential segmental bone loss
Extensive cavitary diaphyseal loss

Extensive ectasia of the diaphysis.

Compromised cortical bone requiring strut grafts.
Segmental defects requiring strut gratf and wiring
Cavitary defects requiring impaction grafts.

3
...’0.%....0

Proximal cavitary and segmental bone loss extending to the diaphysis.

Type 1 Type 2

Type 3 Type 4

Joint Implant Surgery & Research Foundation e jisrf.org
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While revision surgery is technically
demanding, this paper will demonstrate that it is
possible to achieve short term success in treating
revision hip surgery with a new comprehensive
modular revision cementless stem system.

Area of Concern

Fatigue Strength

All devices are subject to fatigue failure
especially with the increased patient activity
we are seeing today. There are reports of device
failure regardless

of material, and

regardless of design

style (monoblock,

modular). Recent reports

of failures of total hip

stems have led to more

vigorous testing and the

development of implants

with improved material

properties. In addition

stems have been

designed with greater

ability for bony fixation

at all levels of the stem.

It is anticipated that

all stem designs which

allow for better fixation

have the potential to be

less susceptible to late

failure. Recognizing

design and material limits is part of the surgeon’s
responsibility in choosing the appropriate
implant'.

Fx. c.c. cemented Fx. Bridge™ Titanium Fx. c.c. cementless

Cemented

The issues of fatigue, fretting and corrosion
are areas that we are all
concerned with and need
to know how our individual
modular devices stack up. It
is not possible for community
based orthopaedic surgeons
to know or be familiar with
all the current standards
for material testing but we
do have a responsibility
to demand and review
from device manufactures
appropriate material test
on the devices we are using especially new
materials and designs.

Patient activity is placing higher demands than
ever before on total joint reconstruction and
revision surgery is often the reality especially
when one does not understand or appreciate the
limits of design and /or material of the device
that is selected.

[t was not that long ago
that we faced problems with
modular acetabular cups,
concern over corrosion at
head/neck tapers and lysis
generated by particulate debris
due to fretting abrasion wear*®.
Orthopaedic industry has
made significant advances in
high quality manufacturing
and implant design that have
resulted in increased product
offerings.

There are a number of methods available to
a manufacturer to increase fatigue strength and
reduce fretting wear. However, no individual
design, material, or process offers absolute
guarantees with regard to mechanical failure
given the increased popularity of high-impact
activities in today’s lifestyles.

The modular junction of the
Restoration® Modular Stem is designed
to transfer loads over a large surface.
Additionally, the manufacturer utilizes a
proprietary shot peening process which
enhances the taper junction to improve
fatigue and long-term performance.

Examples of increased
patient activity.

Joint Implant Surgery & Research Foundation e jisrf.org
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Restoring Hip Mechanics

Restoration of hip joint mechanics is
critical to a successful outcome for all total
hip reconstruction'®. Correction of femoral
head offset affects the joint reaction line and
helps restore mechanical balance between
adductor forces”'. If the offset is too short it Medial
will result in increased resultant forces across
the hip joint, and possibly increase limp”. Vertical Height
Offset too great will increase torsional and
bending forces on the femoral implant.

Vertical height too short can jeopardize

L . . - Center of
joint stability and if too long can result in Rotation
nerve palsy and patient complaints. Incorrect Femoral
version angles can impact range of motion Axis

resulting in implant impingement, joint
dislocation, and increased generation of
particulate debris.

Range of Motion , .. ...

Two factors that can
affect range of motion are
component positioning and
component geometry®'3. Head
diameter, neck shape and
skirts on femoral heads can all
affect hip range of motion'.
Although physiological range
of motion varies for each
patient an average of 114° of
flexion is required for sitting. 5
There is no question that
certain activities require a
greater degree of motion.

Major Problems

Two major problems in revision hip surgery
are joint stability and correction of leg length.
According to Dr. Hugh U. Cameron the most
significant medical/legal concern in THA is leg length
discrepancies. Estimating dislocation rates of both
2% and 10% there would be a corresponding 6 to
30 thousand dislocated hips each year. Subsequently
total cost of dislocations in the U.S. would be $64.5> Leg length.
to $322.5 million respectively.

V. Sarin

Hip Dislocation.

Joint Implant Surgery & Research Foundation e jisrf.org 5
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Implant Selection

Immediate implant stability is necessary for
cementless revision arthroplasty to work. Often
to achieve implant stability the metaphysis
must be bypassed and fixation achieved in the
diaphysis. It has been previously reported that a
constant proportional relationship is not present
between the shape and size of the metaphysis
and diaphysis. The revision situation results
in additional alterations in the normal bony
architecture, making fit and fill more difficult to
achieve.

The Restoration® Modular Stem system allows
for independent selection of proximal bodies
and distal stem styles and lengths. The mixing
and matching of the modular components
provide significant versatility in treating femoral
deficiencies. The proximal body is attached
by means of a taper lock that has received
proprietary processing (shot peening) yielding
higher fatigue, fretting and torsion results.

This report will focus on our experience using
the cone-shaped proximal bodies of the R/M
Cone, RT3 and Link MP™,

Fifty Restoration® Stems were used for
revision of indexed primary stems, secondary
revision stems, and infections. A variety of bone
dificiences were encountered from minor bone
loss (type 1) to extreme (type 4) requiring both
impaction and strut grafts.

Of the fifty, thirty-five stems were the original
T3 design, fifteeen stems were the new
Restoration® Modular cone, and twenty-three
Link MP stems.

Restoration®

Modular Cone Link MP stem

Distal Stems

Distal stems of the Restoration® Modular are
available in three different styles including fluted,
plasma coated, and conical straight taper stem.
All stems are available in a variety of lengths and
styles (straight and bowed). Our experience is
with the conical stem.

Conical

Fluted Plasma

The fluted distal stem of the Restoration
Modular is designed from the successful
stem geometry of the Wagner stem that has
demonstrated excellent bone adaptation as
shown to the right in this retreived specimen.

The versatility of this system allows

Flute, 30x
magnification

Flute, 11x

magnification
Cross section,
distal region  Retrieval 5.5 months after implantation,

65 year old, 85kg patient.

R.K. Schenk, U. Wehrli; On the reaction of the bone to
a cementless SL femur revision prosthesis; Orthopade
(1989) 18; 454-462

interchangeability of the largest
proximal body with the smallest
stem. Although this is an extreme
example this feature provides for
dealing with femoral proximal/
distal mismatch*.

Sizing Versatility

Joint Implant Surgery & Research Foundation e jisrf.org
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Examples of Difficult Cases

Infected cemented stem. Antibiotic cement spacer. Revision modular stem.
Infected hip revision. Revision modular stem with Initial post-op. Two months post-op.
Antibiotic cement spacer. strut grafts.
Results Predictions and Concerns
©99-02 23 Link MP * Modularity is here to stay
- 1 stem fracture * Increased Patient Activity & BMI
- 1 dislocation Influences Outcomes & Device

- 0 clinically observable subsidence
or aseptic loosing

e 01-Current 50 restorations

Failure
1. High Impact Yield Failure
2. Long Term Fatigue Failure

-01-03 35 RT3 . ..
- 04-Current 15 Restoration Modular ® |nCr?a§ed Device Malposition due
* 2 patients deceased to Limited Exposure
Loose cemented!stem. * 3 patients lost to follow-up e Increased Medical/Legal Exposure

¢ O dislocation

* O fractures

¢ (0 revisions

¢ No measurable subsidence

Final Comments
e All devices are subject to failure.
® Recognize design and material
l[imits and do not over indicate,

* Warn your patients that device

Long-term data is necessary to failure is directly linked to activity
clearly demonstrate the viability and BMI

of modular revision systems.

: * Recognize required technique for
However, recent improvements to

specific modular designs and do

lrzeesgsrg?on lr?apahc?horr;e mechan!cal properties of thg taper not attempted to change surgical
; grap along with proven stem design . . :
conical cone  years post- . . technique and device technique at
one vear oo, features should aid the surgeon in .
Y P ) . the same time.
post-op. restoring normal mechanics to the

* Revisions are always with us
— therefore select devices that take
retrievability into account.

reconstructed hip.

Joint Implant Surgery & Research Foundation e jisrf.org 7
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Surgeon Highlight

L] L] L] L] L] 2004
President Australian Orhopaedic Association
Dr. John M. Harrison
B.Sc.(Med) MBBS FRCS FRACS FAOrthoA FAMA FACSP
1968
Medical politics has always been a special interest for Dr Harrison despite a busy
orthopaedic practice. Before taking up a years term of office as National President of
Australian Orthopaedics in October 2004,
Dr Harrison completed a three months tour as Honorary Manager and Doctor with the
Australian Men’s Water Polo team attending pre Olympic competitions in The United
States and Europe. Being a past National Australian Water Polo goalie selected for the
1968 Mexico Olympics, attending the Athens Olympiad as an honorary official was a
challenging experience from a different perspective.
Education Currently
University of Sydney 1961 — 1969 Member
Co-ordinating Committee WorkCover NSW
Residency Medical Liasison Committee AMA & Law Society NSW
JRMO  Royal North Shore Hospital Sydney 1970
Mona vale District Hospital Sydney 1971 National Chairman Australian Society of Orthopaedic Surgeons
SHO St Bartholomews Hospital London 1972 President Australian Orthopaedic Association
JSR St Bartholomews Hospital London 1972-73
ASR St Bartholomews Hospital London 1973 Society Memberships:
OR  Royal North Shore Hospital Sydney 1974 Australian Orthopaedic Association
OR St George Hospital & R.A.H.C. Sydney 1975 Australian Society Orthopaedic Surgeons
SOR  Prince of Wales Hospital Sydney 1976 Australian Association of Surgeons
Australian Orthopaedic Foot and Ankle Society
Hospital appointments Arthroplasty Society of Australia
Parramatta Hospital 1976-81 Royal Australasian College of Surgeons
Lottie Stewart Hopsital 1977 Australasian College of Sports Physicians
The Hills Hospital 1978- Sports Medicine of Australia
Westmead Hospital 1978-84 / 89-94 Australian Medical Association
Auburn Hospital 1981-84/89-93 American Academy of Orthopaedic Surgeons
Medico-Legal Society of NSW
Other appointments Australian Academy of Medicine and Surgery
Honorary Orthopaedic Surgeon: General Medical Council - London
NSW water polo 1978-83
Cumberland Cricket Association 1983-4
Member Board of Advice Hills Private Hospital 1992-7
Parramatta Rugby Union Club 1986-93
Hills district Rugby League Football Club 1992-5
Australian Women’s Water Polo Side 1994-
Kellyville District Rugby League Football Club 1996-9
Austalian Mens Water polo Team (Manager) 2003-
8 Joint Implant Surgery & Research Foundation e jisrf.org
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A Table-Mounted Retraction System is Setting a New Standard

For Hip Exposure the OmniAccess™ Hip Retractor System
By Hugh U. Cameron, M.B., C.H.B., Timothy McTighe, Dr. H.S. (h.c.)

The objective of retraction
in surgery is to provide
visualization. To do this, the
tissues are pulled apart.
In joint replacement
surgery, Homan retractors are
commonly used. The point is
fixed to a bony prominence
and the assistant pulls on the
handle. Because they are fixed
to bone close to the area to
be visualized, e.g. the acetabulum, the hole or
viewing port produced is shaped like a truncated
wedge.

This results A
in greater
retraction on
the skin and B
superficial
tissues than
on the deep
tissues so
that the skin
S ; A depicts surface retraction of a hand-
INcision 1s held instrument (Homan). B shows the
much longer toe-in feature for deep retraction of
than the inner |the OmniAccess Hip Retractor System
incision. that enables better exposure with less
. tissue trauma.
Right angle

retractors held by the assistant are safer than
Homans as they do not have a sharp tip and
thus potential damage to nerves and vessels is
reduced. They can be angled to produce as much
retraction at the object of visualization as they
do at the surface and, therefore, they produce
a parallel-sided hole. They are, however, very
tiring to hold. As
with all hand-
held retractors,
movement
inevitably occurs
as the assistant
becomes tired
or distracted
and the position

Traditional handheld retractors or visualization
(Homans, Right angle, deep blade,

bone hook)

is lost requiring frequent retractor
reinsertion.

The advantage of a table-mounted
instrument is that both the system
and the patient are fixed in place.
Once inserted, position loss is largely
eliminated and the assistant’s hands
are free to help with other parts of the
operation such as suction, etc.

The OmniAccess Hip Retractor
System allows for fixation of

traditional Homans, bone hooks and also right-
angled retractors.
One significant
feature is the
ability to toe-in
the distal portion
of the right
angle blade.
This produces
more exposure
at the depth of
the wound, thus
producing an
inverted truncated cone so that the tension on
the skin and superficial structures is lessened
and, therefore, the incision does not have to be
as large.

This system is of considerable value, especially
in hip revision surgery enabling this to be
done comfortably and expeditiously with only
one assistant. The system works well with all
surgical approaches and provides for constant,
simple, reproducible exposure and has helped in
reducing operating time for complex cases.

We want to acknowledge and thank Drs. Kris
and John Keggi who brought this system to our
attention and have also had success in using
this in their MSA™
(Muscle Sparing
Approach) as shown
in the following
photo.

First assistant is suctioning and there is
no need for a second assistant.

Keggi MSA™
anterior surgical
approach.

Joint Implant Surgery & Research Foundation e jisrf.org
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“Mobile Gait Analysis” A New Tool for Post-Op THA Evaluation

By Kevin Lester, M.D., Ming Sun, Ph.D., Timothy McTighe, Dr. H.S. (hc)

The value of sophisticated, video-based gait
analysis is well established.

However, the cost of establishing a gait clinic
is very high (+$250,000). These systems also
require highly trained and dedicated personnel.
As a result, the routine use of gait analysis in
clinical practice has been very limited.

In addition, though in-patient gait labs offer
highly sophisticated motion analysis, the lab
environment does not mirror the patient’s actual
living conditions, or motion requirements. It
can be difficult to determine the relationship
between video kinematic data and the level of a
patient’s disability in every day living.

The need and potential clinical value of
an inexpensive, accurate, easy to use gait
analysis system has been repeatedly cited in
the medical literature. In particular, the value
of an ambulatory system that could acquire gait
data from either
defined protocols,
or actual living
conditions, and
provide automatic
quantitative data
analysis.

Gait cycle measured by
the sensor from right foot.

Years of research have resulted in the
development and clinical use of a mobile gait
analysis system that can be used in actual
living conditions. The IDEEA™ LifeGait System
(Intelligent Device for Energy Expenditure &
Activity) provides accurate measurement of
physical activity, functional capacity and gait
analysis.

For any device to be used
by patients successfully it
must be user friendly. The
IDEEA® is a small portable
unit the size of an [POD®
and does not hinder
any physical lifestyle
activity. Once attached
to the patient it provides continuous recording
from a few minutes to several days. Utilizing
pre-determined protocols, gait studies can be

performed; in addition,
data can be recorded
under natural work or
living conditions.

More than 45 types of activity can be measured.

10
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Data Reporting

Reports can be generated immediately in
the form of tables, charts, animation and
histograms.

Validation of accuracy studies has been done
by a number of well-known and respected
centers:

- Locomotion study by Columbia University
(99%)

- Energy Expenditure by Columbia University
& Vanderbilt University (96%)

The following chart demonstrates examples
of our senior authors example of using this
device for THA patients. Demonstrating that the
posterior approach for THA results in virtually
no limp.

In summary we feel the IDEEA
LifeGait System provides useful
cost effective data for pre and post
assessment of total joint patients. In
addition other applications aid in the
evaluation of workers compensation,
balance assessment, and fall risk in
patients natural living environment.
Measurement of post trauma
impairment along with physical therapy
monitoring, assessment of orthotic and
prosthetic devices and research uses
specifically outcome assessment of new
surgical procedures or rehabilitation
methodologies.

We continue to use the device and
recommend that all surgeons interested
in objective outcome analysis should
consider this technology for use in their
own practice.

Kevin Lester, M.D.

Joint Implant Surgery & Research Foundation e jisrf.org 11
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Commentary

The article by Schutte and colleagues suggests an approach to the use of modular
components for the revision of the femoral component in THA revision. Since the
advent of the SROM prosthesis it has been clear that modular approaches can be
useful to successfully address implant stability, the restoration of joint kinematics and
joint stability in hip arthroplasty. These aspects of arthroplasty are substantially more
complex in the Revision situation, and modularity will be an important mechanism
to address these same issues in increasingly complex revisions. The authors point
out a number of features of modular revision systems that must be addressed by the
manufacturer and implanting surgeon, and provide us with their early experience using
the restoration modular system and Link MP System. The experience is too early to
draw conclusions from, but only to suggest that the features of the systems allowed the
surgeons to address the circumstances they faced in an effective manner. Longer term
data with cases classified according to the degree of bone loss (using a classification
system such as they have suggested) will allow us to draw conclusions as to the long
term benefits of this particular system.

The article on the OmniAccess hip retractor provides us with information regarding
a useful surgical tool. Retractor systems are now becoming available and necessary
in operating environments that require increasing predictability. This system appears
worthy of careful evaluation and will likely prove helpful for many surgeons
performing hip surgery.

The IDEEA device is a novel device offered to allow the practicing surgeon to
perform increasingly sophisticated functional analysis of the patients undergoing joint
replacement surgery. Many total joint surgeons believe it is important to document
improved performance of their patients, and tools to measure pre and postoperative
performance are needed. If this system can continue to demonstrate accuracy of
measurement compared to more expensive approaches, it will become a useful tool in
the clinical practice of Total Joint Replacement.

Bernard N Stulberg MD

Director: Center for Joint Reconstruction; Cleveland Orthopaedic and Spine Hospital;
Cleveland Clinic Health System

Cleveland Ohio

JISRF Position

For over thirty years JISRF has sponsored educational activities, newsletters for
surgeons and patients, as well as conducting clinical/surgical study groups. The
tradition as established so many years ago, by Professor Charles O. Bechtol, M.D., is
not to endorse any one individual product/technology/technique but to expose new
mothodologies in a fashion that would raise the level of awareness and debate over a
particular issue.

Over the past few years we have seen clinical outcomes for most devices
demonstrate good to excellent results. It is difficult to say one device is better than
another in light of all the considerable variables that must be taken into account. This
issue is highlighting three new technologies that we feel have some significant features
that might benefit the orthopaedic community. There are sufficient short-term results
that warrant exposure in the “UpDate” and we encourage the orthopaedic community
to review these devices.

All of the above issues require further investigation and consideration. Additional
refinements and modifications will certainly be made, however these technologies
represent an exciting direction for the field of reconstructive surgery. JISRF will do its
best to keep you informed on the progress and performance of these technologies.

Remember, when it comes to modular implants it is important to understand and
appreciate the specific design features and required techniques for that design. Do not
lump all modular designs into one simple category “Modular Stems.”

7z

Timothy McTighe, Executive Director, JISRF
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Modular Hips to Restore Proper Mechanics

By:

Timothy McTighe, Executive Director
Joint Implant Surgery & Research Foundation

Introduction:

THA continues to improve but complications still occur.
Dislocation and osteolysis continues to be a significant problems.
The causes for dislocation can be multi-factorial, and include:
mal-positioned components, soft tissue laxity, and impingement
of component-on-component or on fixed obstructions such as
osteophytes. Weakness of the abductor muscles due to improper
reconstruction can also be a contributing factor. In countering
these factors, stability is often achieved at the expense of limb

‘What are the Goals of THA?

Eliminate Pain
* New Hip

Restore Function

¢ Reproduce Hip Mechanics
1. Femoral Offset
2. Neck Length
3. Version Angle

lengthening.

Two Remaining Significant Problems in THA

Dislocation

* Reports from 2-8%

* Higher in Posterior Approach
 Higher in Sm. Dia. Heads

« Higher in Revisions >20%

Osteolysis

« Eccentric Poly Wear

* Result Lytic Lesion
(4 year post-op)

Discussion:

Current Dislocation Costs

Estimating a conservative 2% dislocation rate, there would
be a corresponding 6,000 dislocated hips each year.

- Non-operatively treated - 4,500 (75%) - $6,000
Cost: relocation, brace, x-rays, rehabilitation

- Operatively treated - 1,500 (25%) - $25,000
Cost: operation, brace, and rehabilitation

$6,000 x 4,500 = $27 million
$25,000 x 1,500 = $37.5 million

Total cost of dislocations per year in the United
States. $64.5 million

“Wright Medical Web Site”

Dislocation Treatment Trends

Big Heads
Constrained Sockets

Navigation

Big heads are helpful for impingement problems, however do not aid
in soft tissue laxity. Constrained sockets are indicated for soft tissue
laxity but not indicated for mechanical instability. Surgical naviga-
tion is promising to reduce implant alignment problems and dual
offset stems are helpful for restoring joint mechanics but increase in-

ventory costs. Increased Offset Stems

Intrinisic Modular Indexable Neck (IMIN™)

“Despite a number of
improvements in femoral
stem neck geometry

and increasing femoral
head sizes up to 36mm,
dislocation continues to
be a significant problem
after THA”

- Dr. Amstutz

Stem Designs IMIN™ Modular Neck Design Neck Positions for 8°
3 neck lengths 0 1 2 3 4 5 6
32,35,38 mm
-
=
[ .:. [ gun;il;f’angles Version Angle 0°4° 7° 8° 7° 4° 0°
c ted Afta I c " Neck Shaft Angle 127° 128° 130° 135° 138° 141° 142°
R-120™ - Cementex fa II™ - Cementless
Surgical Technique:
Smit
Technique is the same as Posterior A h
any standard fixed neck Option Osterior Approac
cement or cementless stem. Stem First - Then Cup
Cameron
Trial stem
in place.
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1.1 Ceramic on Ceramic Bearings Used with Proximal
Modular Stems in THA

K. J. Keggi, J. M. Keggi, R. E. Kennon and T. McTighe
Abstract

Introduction: Osteolysis generated by wear debris remains a problem in total hip
arthroplasty. Alternate bearings surfaces are sought in an attempt to reduce debris particles
and prolong prosthetic wear.

Ceramic on ceramic surfaces have a long clinical history but have encountered a number
of problems due to design and material properties. Impingement with malposition of the
components, ceramic chipping, and ceramic fractures with malposition of the acetabular
component have been problems.

Material: This paper will review 185 ceramic on ceramic bearings used with proximal
modular stem designs. Two different stem designs and four different cup designs all
utilizing ceramic heads and ceramic inserts manufactured by CeramTec were used.

Conclusion: The recent development of proximal femoral modular stem designs provides
better surgical exposure and improved orientation of the prosthetic components. This will
reduce the complications due to ceramic implants.

Introduction

The senior authors (KJK, JMK) have performed over 800 ceramic on ceramic total hip
arthroplasties at our institution since 1983. Demand for durability, better fit, and greater
surgical options has led to the use of newer modular designs in recent years, including
nearly 200 modular total hip replacements utilizing ceramic on ceramic interfaces.
While early ceramic materials with monoblock designs suffered from ceramic chipping,
ceramic fractures with malposition of the acetabular components, and impingement with
malposition of the components, it has been our experience and impression that newer
modular designs have provided better surgical exposure, improved orientation of the
components, and greater flexibility in restoration of normal biomechanics. This has in turn
reduced the complications due to ceramic implants and obviated the need for extra long
skirted ceramic heads.

Materials and Methods

Medical records were retrospectively reviewed for all patients undergoing primary total
hip arthroplasty utilizing both modular designs and ceramic on ceramic interfaces. No
patients were excluded from this group. All operations were performed using the modified
anterior approach developed by the senior surgeon [1]. Specific parameters examined
included demographic data, stem type, acetabular type, and nonmedical complications
related to the prosthesis or surgical technique, such as dislocation, malposition, subsidence,
fracture, or damage to the ceramic component.
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Two proximal modular stem designs were utilized in this series. The first is the Apex
Modular7m Hip Stem shown in Figure I (Apex Surgical, LLC, Lakeville, MA). The
second is the PROFEMUR v Z stem shown in Figure 2 (Wright Medical Technology, Inc.,
Arlington, TN). Four acetabular components were used: the LINEAGE’ acetabular system
(Wright Medical Technology), the TRANSCEND’ acefabular system (Wright Medical
Technology), the BICON-PLUSI acetabular system (PLUS Orthopedics, Son Diego, CA),
and the Cer-MetTM acetabular system (Apex Surgical).

Figure 1: Apex ModularTm Hip Stem Figure 2: PROFEMUR 1™ Z stem
(Apex Surgical, LLC, Lakeville, MA). (Wright Medical Technology, Inc.,
Arlington, TN).

This data is shown in Table 1 and was comprised of 185 total hip replacements.

Femoral Acetabular Total
Component Component
Apex Lineage 64
Transcend 23
Cer-Met 55
Bicon 2
ProFemur Z Lineage 23
Table 1:
Transcend 5 | oo THA perrme
Cer-Met 11
Bicon 2
TOTAL 185
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Results

Five nonmedical complications were noted in this series of 185 total hip replacements,
including two hip dislocations, one acetabular component dislocation, one femoral
fracture with stem subsidence, and one failed ceramic acetabular liner. The average length
of follow-up was approximately two years, but thus for all four complications that have
occurred were apparent within six weeks of the initial surgery. The summary of nonmedical
complications is presented in Table 2.

Femoral Acetabular  Complication

Component Component

ProFemur Z  Transcend Ceramic liner fracture at 6 weeks post-op;
atraumatic, changed liner/shell/neck/head

ProFemurZ  Cer-Met Dislocated at 6 weeks post-op and required
closed reduction with no further problems

Apex Bicon Dislocated with 6 weeks post-op & required open

reduction, components retained. [Patient later
sustained fractured femur in MVA vs. pedestrian
accident and underwent ORIF.]

Apex Lineage Acetabular component dislocated at I week;
underwent acetabular and femoral head
replacement at that time. Previous sciatic nerve
palsy pre-operatively after acetabular ORIF (MVA)
likely contributed. (See Figure 3).

Apex Cer-Met Unappreciated femoral fracture discovered at 6
weeks with component subsidence; converted to

Echelon cemented stem.
Table 2:
Summary of nonmedical complications.

The first represented the only failure of the ceramic materials in this series. The patient
noted the new onset of pain for one week without recalled antecedent trauma approximately
six weeks after undergoing primary total hip arthroplasty with a ProFemur Z stem and
Transcend cup with ceramic liner. Evaluation revealed him to have a cracked ceramic
liner. It is impossible to state the cause of this fracture; it could be due to pure ceramic
materials failure or it may have been an undetected malalignment of the component within
its titanium shell. The patient underwent exchange of the liner, acetabular shell, neck, and
femoral head without further problems. The modular design proved advantageous in this
instance, facilitating modular component exchange.

The second complication was a hip dislocation six weeks post-operatively that was
associated with noncompliance with total hip precautions. This patient had undergone a
primary THA with a ProFemur Z femoral stem and Cer-Met acetabular component. After
undergoing a closed reduction under anesthesia, the patient had no further problems after
a year of follow-up.

The third complication involved a patient who underwent primary THA with an Apex
femoral stem and a Bicon acetabular component. This patient sustained a dislocation six
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weeks from the time of surgery after being noncompliant with total hip precautions and
required open reduction of the hip with components retained. The patient did well for a
limited period of follow-up until suffering extensive trauma as a pedestrian struck by a
motor vehicle in which he sustained a periprosthetic femur fracture but no ceramic failure
despite his trauma.

The fourth complication was an acetabulor dislocation in a patient with a failed traumatic
acetabular fracture ORIF (Figure 3a). It occurred one week postoperatively after primary
total hip arthroplasty. This patient had an Apex femoral stem and a Lineage acetabular
component. Contributing factors were preexisting sciatic nerve palsy with foot drop, her
post-traumatic acetabular bone deficiency, obesity, and active hyperextension of the hip.
The revision was relatively easy since it was possible to remove the proximal (modular)
neck component and achieve acetabular exposure without removal of the entire femoral
prosthesis (Figure 3b). The patient’s THA subsequently has remained stable.

Figure 3a: Table 1:
Acetabular componenet dislocation. Post-operative film after acetabular and femoral head
replacements.

The fifth complication occurred with an Apex stem and Cer-Met acetabular component
in which a peri-operative femur fracture was unappreciated at the time of surgery. This was
subsequently noted six weeks post-operatively with subsidence of the femoral component
that necessitated its revision to a cemented Smith-Nephew-Richards (Memphis, TN)
EchelonTM femoral stem.

Discussion

Since Pierre Boutin attempted the first ceramic total hip arthroplasty in 1970, there has
been interest in ceramic bearing surfaces to improve implant longevity and decrease wear
[2]. However, early experience with ceramics indicated high failure rates due to component
loosening and early need for revision, with failure rates approaching 27% - 35% in some
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studies [3,4,5]. Our own early results using the noncemented Autophor were satisfactory
and matched the success of Mittelmeier, and we have had some extremely good long term
successes with the device in some young and very active patients [6,7,8]. We have not seen
any osteolysis on long term follow-up, but the overall failure rate has been unsatisfactory
because of inadequate acetabular fixation, acetabular migration, fractures of the thinner
acetabulums, and inadequate osteointegration of the femoral component [9].

Although many investigators concluded that much of the fault with these prostheses
lay with design and technique in greater part than the ceramic material, ceramic on
ceramic joints were abandoned in the United States for over a decade. Ceramic heads in
polyethylene acetabular components continued to be used in the United States while the
ceramic itself was improved (Biolox-Forte) and its fixation to bone modified in Europe.
While first generation ceramics before 1985 had fracture rates as high as 10% in some
reports [10], contemporary third generation alumina ceramics have smaller grain size,
fewer impurities, and a more stable crystalline structure with fracture rates as low as 4 in
100,000 [ 111.

Prosthetic designs have also improved with enhancements such as highly polished
articular surfaces, optimized clearance between the head and liner to provide a fluid
boundary, improved sphericity, tightened tolerances for tapers, and elimination of skirts
on ceramic heads. The advent of modular femoral components has also facilitated the
insertion and positioning of the ceramic joint itself. A decrease in malaligned acetabulums
and femoral necks should optimize long term wear of the ceramics.

The marriage of contemporary ceramic articulating surfaces and proximal modular design
affords several benefits. Modular designs allow better surgical exposure, and modularity
allows multiple sizing and positioning options to improve orientation of the implants and,
ultimately, the stability and biomechanical restoration of the hip replacement. Current
designs also do not require the extra long skirted ceramic heads which have historically
been more likely to impinge and break.

Our current series of modular ceramic on ceramic hip replacements has shown promising
results after an average of one year of follow-up. While this is still an early period of
observation, it is our impression that these hip replacement systems perform well and offer
a significant addition to the surgeon’s armamentarium.

Conclusion

While ceramic on ceramic surfaces have a long clinical history with progressive
improvement in materials science, a relatively new approach has been the implantation
of ceramic on ceramic surfaces with proximal modular total hip designs. In reviewing all
of our modular ceramic on ceramic total hip replacements, we have found them to have
excellent performance with few problems in the short term. In particular, there was only
a single failure due to chipping or fracture of the ceramic materials - one acetabular liner
- and no failures of the ceramic femoral heads. It is our impression that newer modular
total hip designs utilizing ceramic interfaces have reduced the complications which were
present in earlier monoblock femoral prostheses utilized 15 to 20 years ago. Modular
femoral components also allow better surgical exposure, improved component orientation,
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and reproduction of the proximal femoral anatomical variations such as varus, valgus, or
anteversion.
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Design Considerations for a Modular Neck

in Total Hip Arthroplasty

By:

Timothy McTighe', Kristaps J. Keggi, M.D.%, H. M. Reynolds, M.D.*, Milton Smit, M.D.*,
John Keggi, M.D.2, Hugh U. Cameron, M.B., Ch. B.%, Bernard Stulberg, M.D.®

Introduction:

THA continues to improve but complications still occur.
Dislocation and osteolysis continues to be a significant
problems. The causes for dislocation can be multi-factorial,
and include: mal-positioned components, soft tissue laxity,
and impingement of component-on-component or on fixed
obstructions such as osteophytes. Weakness of the abductor
muscles due to improper reconstruction can also be a
contributing factor. In countering these factors, stability is

often achieved at the expense of limb lengthening.

What are the Goals of THA?

Eliminate Pain
¢ New Hip

Restore Function

¢ Reproduce Hip Mechanics
1. Femoral Offset
2. Neck Length
3. Version Angle

Two Remaining Significant Problems in THA

Dislocation

* Reports from 2-8%

* Higher in Posterior Approach
* Higher in Sm. Dia. Heads

* Higher in Revisions >20%

Osteolysis

* Eccentric Poly Wear

* Result Lytic Lesion
(4 year post-op)

Discussion:

Current Dislocation Costs
Estimating a conservative 2% dislocation rate, there

would be a corresponding 6,000 dislocated hips each year.

- Non-operatively treated - 4,500 (75%) - $6,000
Cost: relocation, brace, x-rays, rehabilitation

- Operatively treated - 1,500 (25%) - $25,000
Cost: operation, brace, and rehabilitation

$6,000 x 4,500 = $27 million
$25,000 x 1,500 = $37.5 million

Dislocation Treatment Trends

Big Heads

Constrained Sockets

Navigation

“Despite a number of
improvements in femoral
stem neck geometry

and increasing femoral
head sizes up to 36mm,
dislocation continues to
be a significant problem

Big heads are helpful for impingement problems, however do not after THA”
Total cost of dislocations per year in the United aid in soft tissue laxity. Constrained sockets are indicated for soft - Dr. Amstutz
States. $64.5 million tissue laxity but not indicated for mechanical instability. Surgical :
navigation is promising to reduce implant alignment problems
“Wright Medical Web Site” and dual offset stems are helpful for restoring joint mechanics but
increase inventory costs. Inereased Offset Stems
) Intrinsic Modular Indexable Neck (IMIN™)
Stem Designs
IMIN™ Modular Neck Design Neck Positions for 8°
3 neck lengths ; h— ! 2 8 4 5 6
32,35,38 mm - =
2 neck angles
R-120™ - Cemented Alfa II™ - Cementless 12 Settings 8°&12° Version Angle 4 7 8 7 4 o
Neck Shaft Angle  127° 128° 130° 135° 138° 141° 142°
Surgical Technique:
Smit
Technique is the same as P ior A b
any standard fixed neck Option osterior Approac
cement or cementless stem. Stem First - Then Cup
Benefit: blood loss
reduction Cemeen
Trial stem
in place.
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Surgical Technique: continued

Anterior Mini-Dual Incision Variable Femoral Offset Femoral Stem & Cup in Place w/o Neck

Implant orientation is a significant part of surgical technique. The mini-incision places Valgus Neck Shaft Angle
a higher demand on implant positions. Proximal modular stems provide adjustments 147° (position 6)
reducing the risk of implant discrepancy, and soft tissue laxity.
' Varus Neck Shaft Angle
123° (position 0)

(Same pt., same implants,
different neck positions)

Fine Tuning Joint Mechanics Insertion of Neck & Head

Head neck insertion can be done by as-
sembling head onto neck and inserting
as a single unit.

Another approach is to insert the
modular neck first then assemble the
head onto the neck then impacting
both tapers.

Trials in Place Joint Stability Range of Motion

The Advantage of Proximal Modular Necks: With the trials in
place the surgeon can verify joint stability and range of motion with-
out disrupting the implant/bone interface. If necessary, the surgeon
can also fine tune the joint mechanics by adjusting the modular
neck.

Post-op X-Rays Ways to Reduce Dislocation

Restore Hip Mechanics

Modular Necks Aid in Restoration

Anterior or Direct Lateral Approach

32 mm Dia. Head or Larger

Do not use skirted necks or modular trunnion necks
Constrained sockets (not indicated for impingement problems)
Reduce Use of Angled Poly Inserts

Navigation System (Digital $60,000 / Image 250,000)

38mm Head
2 Mo. post-op

Summary

¢ This modular neck design aids in fine tuning
joint mechanics

* Works with all surgical approaches

¢ Allows for femoral stem insertion first (aids in
reducing blood loss)

* Allows for ease and access in case of revisions

* Allows for replacement of ceramic heads by
replacement of modular neck

* Reduces chances of mechanical impingement
of implants especially with mini-incision
surgical approaches

Clinical Summary

Primary Total Hips

270 stems implanted since 1/02

¢ (136 cementless / 134 cemented)

3 Revisions

¢ 1 traumatic fx. Greater Trochanter

* 1 cup revision (mod. neck removed for access)
¢ 1 dislocation (mod. neck revised and indexed)
0 Stem Revisions

0 intra-op fractures

2 GI Bleeds

0 infections

No significant leg length inequalities (+/- Smm)
+50% indexed to positions other than 0

Early Clinical/Surgical Impressions
No long term data available at this point,
however, we are extremely encouraged
that this device will aid in reducing post-
op dislocations and help restore joint
mechanics.
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The Union of Emerging Techniques and Technologies in THA

By: John J. Keggi, MD'; Kristaps J. Keggi, MD'; Vineet K Sarin, PhD’; Edward J. Cheal, PhD’; Timothy McTighe'

Introduction: Reduction of pain, restoration
of joint mechanics and reduction of post-
operative rehab are the primary goals natuon
of THA. Current trend of mini-surgical
incisions offers some opportunities for
reduced rehab time and cost, however, may ineision
increase risk as to implant malposition S T —
and possible dislocation. New emerging
technologies of surgical navigation and
proximal modular stem may demonstrate
reliable and reproducible implant positioning
with mini-surgical incisions.

Wdelafied™ straipht

Anterior Mini-Incision

NaviPro™ Surgical
Navigation System

Cementless Stem

Techniques & Technologies

Discussion: Implant orientation is a significant part of total hip surgical technique. The mini-
incision places a higher demand on awareness of implant positions. Proximal modular stems
and surgical navigation provide for fine-tuning adjustments thus reducing the risk of implant
impingement, leg length discrepancy and soft tissue laxity. The uniting of these technologies
and designs aid the surgeon who is not familiar with the anterior mini-incision to be confident
in their ability to routinely implant c s in their proper bi hanical orientation.

Proximal modular hip stem design aids in minimizing soft tissue trauma, obviating the need
for posterior capsular and deep posterior blood vessal release, resulting in decreased blood
loss.

Modular Neck = Reduced
Profile = Smaller Incision

NaviPro™ is a image-free surgical navi-
gation system that has been programed
with the Apex Modular Cementless total
hip system. Optical tracking devices are
fixed to the pelvis and the femur prior to
hip dislocation and data registered. Based
on the surgeon’s objectives for length and
offset, the system is used to calculate the
change in length and offset changes after
trial reduction; compare these changes

to the pre-operative objectives and
recommend a different choice of modular
components in order to best achieve the
reconstructive objectives.

Conclusion: Surgical navigation and modular stems are not
necessary to successfully perform THA using the anterior
mini-incision approach. However, uniting these designs and
technologies can provide for a more reproducible teaching
system that increases the confidence of surgeons while they
gain experience with this surgical approach. Furthermore,
surgical navigation systems that are programmed
with modular component sizing and availability can
enhance and expedite the intra-operative decision-
making process. By integrating these emerging
technologies, the surgeon can efficiently evaluate the
effect of component variability and choose the modular
components that best achieve the reconstructive
objectives.

I ——
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Target Restoration of Hip Mechanics in THA

By: Tom Tkach, MD'; Warren Low, MD'; George B. Cipolletti, MS"; Timothy McTighe’

Introduction: THA continues to improve but complications still occur. Dislocation continues to be a significant problem. The
causes for dislocation can be multi-factorial, and include: mal-positioned components, soft tissue laxity, and impingement of
component-on-component or on fixed obstructions such as osteophytes. Weakness of the abductor muscles due to improper
reconstruction can also be a contributing factor. In countering these factors, stability is often achieved at the expense of limb

lengthening.

To study the influence of implant geometry on tissue balancing and joint stability, the authors selected a stem system that permits
the independent selection of lateral offset, version and leg length. This study presents the short term results of this experience.

Instability - What should

be done? Trail reduction
demonstrates joint instability with
slight increased leg length.

Modular Heads allow length
adjustment, unfortunately
increase head length increases
leg length.

Big Heads! Theoretically, a Biomechanical Solution
bigger head is more stable... At Modular Neck! Add offset for
the extremes of motion when joint stability reduce length for
the neck impinges In this case, proper gait.

intrinisic stability is unchanged

(Head center stays the same).

Methods: 525 THA’s were
performed using the Apex
Modular™ Stem, beginning in
May 2001. 494 were primary and
31 were revision cases. All were
performed using the posterior
approach. Acetabular implants
from a variety of manufacturers
were employed. All cases were
fully cementless.

Data on stem, neck and head
selection were available for 472
of these cases. Head centers
were plotted in bubble chart
format. The center of the bubble
is head location; the diameter

is an indication of frequency.
Representative frequency values
are given for several locations.

1 Nobie, hiip ., M.S. Alsander,Jrry W. ..t . “The Anstonic Bais of FmorslComporent
Desin, Clinka Onthoedie nd Relted Resarh. Nmber 235, Octobe, 1985

Lateral offset data are available in the literature for
cadaver femora. We plotted our data on the same
scale for comparison. The similarity of the lateral
offset distribution confirms the appropriateness of
the surgeons’ head center selections.

Mesdian Oifset] Madan

Stem size {mm] Drop {mm)
10 mm 40 25
115 mm 45
13 mm 45
14.5 mm 75 30
16 mm 75 325
Table 1

Results: In this clinical series, we observed 2
dislocations*, 14 intra-operative fractures**, no
significant leg length inequalities (+/- Smm), and
no significant thigh pain. Approximately 10%
were indexed to a position other than neutral
version. Lateral offset data were tabulated and
compared to data from the literature.

The head center location data clearly showed that
a wide variety of offsets and lengths are required
to properly balance the soft tissues. Further, when
the data were sorted by distal stem diameter, it
was clear that there is little correlation between
head center location and stem size. Further, a
significant number of small (10 mm or 11.5 mm)
stems required large (>45 mm) offsets. ™!

*One of the dislocations was treated conservatively after
closed reduction and went on to an unremarkable course.

The second had received a neck in the anteverted postion and
dislocated anteriorly. The surgeon chose to reoperate, remove
the modular neck component and reinsert it in the neutral
position, after which the patient reahbilitated normally.

** Intra-op fractures were encountered during first twelve
months during instrumentation development.

Surgical Technique

Typical 15 - 40° more ROM with neck anteverted.

Neutral neck position. 15° anteversion.

Aneterved neck used 18 times in the first 200 cases.

Discussion: Restoration of normal joint biomechanics on a consistent basis was possible using the Apex
Modular™ Stem because of the intra-operative versatility that stem system offers in regards to head center
location when compared to monoblock stems. It combines the fit and fill features of today’s contemporary
cementless stems with updated modular components that provide for independent offset, version and leg
length adjustments. This unique modular design allows for a large selection of proximal bodies to enable
targeted implant selection for the restoration of proper soft tissue tension and joint biomechanics. Continued
long-term follow up will provide additional information to aid in validation of this design concept.

Conclusion: The head location data suggest that hip joint reconstruction benefits from the availability of many
head centers for every stem size. This may be accomplished with a large inventory of sizes or with a modular
device. Review of 525 hips implanted for both primary and revision cementless application leads the authors
to conclude that this “Dual Press™” proximal modular stem design is safe, effective and provides for a more
accurate approach for reconstructing the biomechanics of the hip.
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New Era of Minimally Invasive
urgical Approaches for THA

‘imothy McTighe, Editor
sutive Director, JISRF

troduction

'hat’s old is new again! Over the past year there has been considerable interest, debate
controversy over the role of minimally invasive surgical approaches for both total hip
uni-compartmental knee replacements. This edition of JISRF Update will review both
current trends and reflect on the historical evolution of these techniques for THA.

L discussing the current trends on mini-surgical approaches it is important to understand
specific terminology and surgical
roach and not to lump all small
sions into one simple category —
ni-incisions.” There are single, dual,
even three mini-incision techniques
zing the anterior or posterior

roach.

'hat are the indications,
raindications, advantages,
dvantages, and more importantly,
outcomes for these surgical
roaches? Recent reports from a

y on the feasibility and potential
>fits of Zimmer’s 2-incision* total
replacement found that in the first
‘onsecutive cases mean operative

» averaged 100 minutes with no
1operative complications. No patient
ed in the hospital more than 23

ts and 75% went home the day of

;ery' (*Zimmer Holdings, Inc. 7/23/02) =i '

outpatient total joint surgery the Incision needs to be just large enough to insert the cup.  Keggi

re or a passing fad? Let’s remember
principal necessity for surgery is to fix or correct a problem. The incision provides both
access and exposure necessary to enable correction of the problem. In my opinion most
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Current THA Trends:
Mini-Incisions
Hard-On-Hard Bearings
Large Diameter Heads
Surgical Navigation Systems
Increased Femoral Offset
Increased Use of Constrained Sockets
Reduced Hospital Stay

Trends often appear to provide short-term gains while
ietting up long-term disadvantages. Hopefully our
sontributing articles will address some or all of the
ollowing questions and concerns:

F EATURE

Can you see what you are doing?
Do you require additional or modified instruments?
Do you need surgical navigation tools?
Do you increase chances for component malpositi
If so, do you increase chances for dislocation?
Do you increase chances for fracture and/or
neurovascular injury?
7. Does ultra-early discharge put the patient at incre:
risk for bleeding and/or DVT?
8. Does the procedure provide for reproducible good
results?
9. What skills and/or implant designs aid in
reproducible good results?
10.  Will this surgical approach provide an improveme
in long-term results for THA?

Al

A RTICLE

Anterior Approach THA Via Mini-Incision Technique

3y Kristaps J. Keggi, M.D.

In recent years there has been increased interest in
ninimally invasive total hip arthroplasty. A number of
lifferent techniques have been described with the goal of
ninimizing soft tissue dissection, decreasing perioperative
>omplications and accelerating soft tissue rehabilitation.
Chis article reports on the one, two or three mini-incision
echnique through an anterior approach.

This anterior approach has been employed by us over the
yast thirty years with excellent results in over 6,000 cases
ncluding both cemented and cementless prostheses as well
15 both primary and revision THA. Experience to date has
lemonstrated short operative times, small blood loss and few
>omplications both in the perioperative period and over a
ong period of follow-up. While this approach is technically
nore demanding than the standard operations with wide
:xposure, the results have been quite satisfactory.

As with all surgical experience my technique has evolved
1sing a modified anterior approach with one, two or three
nini-incisions, whichever best fits the surgical profile of that
yatient.

single Small Incision

The incision is made from a point just distal to the anterior
superior iliac spine to the anterior border of the greater
rochanter. The incision is curved with its convexity in a
ateral direction. The average incision in a thin patient is
ipproximately 5 to 8 cm.

The subcutaneous tissues are transected in line with the
)kin incision and the medial skin is undermined to the
nterior (medial) border of the tensor fascia lata muscle.

margin. A strip of
muscle is left
medially to protect
the lateral femoral
cutaneous nerve
and to facilitate
closure.

The anterior
capsule of the hip
is identified by
blunt dissection.
Cobra retractors
are placed on the
superior and inferior aspects of the capsule. They retract
tensor fascia lata with the abductor muscles laterally and
rectus femoris with the sartorius medially.

An anterior capsulectomy is then performed. If possibl
the lateral femoral circumflex artery and vein are preserv
They lie in loose connective tissue at the base of the fem
neck and are easily identified. If these vessels are transec
to achieve better exposure they are controlled with suture
ligatures or electrocoagulation.

After the anterior capsulectomy the femoral neck is
visualized. The Cobra retractors are placed within the hif
capsule on the superior and inferior borders of the femor:
neck. The placement of these Cobra retractors is importa
They expose the femoral neck once the capsulectomy has
been completed. The lesser trochanter and the trochanter
fossa are palpated to facilitate orientation. The excision ¢
the anterior capsule, especially if it was contracted, now

Anterior small single incision approach (Keg
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e femoral neck is cut with an oscillating saw. The

:ment of the cut has been predetermined by preoperative
lating of the patient’s x-rays and is easily determined
use the base of the neck is fully visualized. Restoration
e patient’s normal neck shaft angle and neutral seating
e prosthesis within the femoral shaft are the two major
erns with the templating and the femoral cut.

Ticient removal of the femoral neck makes it difficult to
the femoral shaft and can lead to varus placement of the
yonent within the proximal femur. This does not mean
>moral neck is removed down to the lesser trochanter.
femoral cuts can be at different levels based on the

nt’s neck anatomy. The base of the calcar must be

rrved since this is a solid bony structure and contributes
2 stability of the components be they cemented or
mented.

ter the osteotomy of the femoral neck has been

sleted the femoral head is removed. In most instances
ead can be removed with a standard hip skid with or
but the assistance of
ik screw” extractor.
isionally the head

be fragmented and
wed in piecemeal

on. In cases of severe
losis or fusion the
ral head may have to
iretted or reamed out
e acetabulum. After
wal of the femoral

, the acetabulum is

y exposed. This is
one of the

ntages of the anterior
dach since the acetabular exposure is excellent, the

ion of the pelvis can be palpated on the table and
ttation by direct visualization is simple. If the surgeon
uncertain about the exact position of the acetabulum,
rocedure can be done on a radiolucent table and the
ion of the acetabulum can be checked fluoroscopically.
ir own experience this has never been necessary and we
used fluoroscopy only for educational and training
0ses.

e acetabular exposure is best achieved by the insertion
sharp tipped Cobra retractor under the bony rim of the
omedial acetabulum. This solid fixed Cobra allows
ction of the anteromedial tissues (rectus, sartorius, fat,
. A second Cobra placed on the lateral ilium just

imal to the acetabulum retracts the tensor fascia lata. If
ssary, a third retractor (usually a Homan) can be

ted carefully over the rim of the pelvis anteriorly for
er soft tissue retraction and exposure of the anterior

Head removal.

acetabular reamers. Significant amount of variation in
acetabulums exist. There are the obvious congenital
dysplasias, but some acetabulums have been grossly
deformed by the degenerative process. The reaming must be
performed in such a manner as to preserve as much of the
acetabular walls as possible. Thus, for example, if the
anterior wall of the acetabulum is defective, the
centralization of the reamers should be more posterior. It is
our preference to medialize the
acetabulums as much as possible.
We expose the true medial wall
by curettes and small sized
reamers. After we have
established this point of
reference we then centralize our
final reamers in such a manner
as to preserve both the anterior
and posterior walls of the
acetabulum. Our goal in
acetabular placement has been to
recreate as much as possible the patient’s own normal
anatomical center of rotation. We remove as much bone as
necessary to do this but do not feel it is necessary to have th
entire acetabulum down to soft bleeding cancellous bone.

Over the years both cemented and cementless acetabular
components have been used. The supine position and the
ability to palpate the axis of the pelvis facilitate visualizatio
of the acetabular angles. We have always thought in terms o
a 45 degree varus/valgus angle but have tended to err on a
more horizontal (or valgus) side. Thus, our average
acetabular angle is closer to 40 degrees than 45 degrees. In
the valgus position the implant is more horizontal and more
stable within the bony acetabulum. This gives better
coverage to the femoral head, transmits forces to the
acetabular prosthesis and the pelvis in a more even manner,
and makes dislocation less likely. In this anterior position it
is also easy to establish the exact anteversion (approximatel
15 to 20 degrees) which corresponds to the normal anatomy
Once the acetabulum is in place, peripheral osteophytes, if
they are present, are removed with special attention paid to
the anterior osteophytes. They, more than any others, would
act as fulcrums for dislocations. Large lateral medial and
posterior osteophytes are also removed.

Attention is now directed to the femur. Sponges are placec
within the acetabulum to protect it from injury during the
manipulation, rasping and positioning of the femur. The
patient’s leg is placed in maximum external rotation and the
osteomy of the base of the femoral neck is visualized. This
visualization is facilitated by the use of a bone hook placed
around the femur at the level of the lesser trochanter.
Traction on this bone hook frequently is sufficient to deliver
the proximal femur into the operative site. A curved pointed

Floro image reaming socket.
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ised only on rare occasions. Exposure of the proximal femur
s extremely important since inadequate mobilization of the
emur is likely to lead complications in the course of

emoral shaft preparation and prosthesis insertion
perforations, fractures, etc.). If necessary to achieve this we
)erform a posterior capsulectomy and release the short
xternal rotators and piriformis near their insertion along the
iosterior greater trochanter. We have never re-attached them
t the end of the procedure.

After adequate
mobilization and exposure
of the proximal femur has
been achieved, the rasping
of the femoral shaft is
started. The first stop is
curettage of the neck
osteotomy along its lateral
aspect in order to allow
insertion of the rasps in the
long axis of the medullary
canal. Modified angled rasps
have been used for this
purpose although a straight
asp can also be inserted if the femur has been well
nobilized. A straight rasp can also be inserted through a stab
vound or “second” incision in the region just proximal to
he greater trochanter. A short starter rasp is used at first and
radually the size and length of the rasp is increased until
he largest possible rasp has been inserted into the femoral
haft in a position of anteversion.

After the femoral shaft has

lual incision cup and stem in place
rithout neck.

Apex Modular™ Cementless Stem

R-120™ Cemented Stem featruin
IMIN™ Neck

important factor is a stable hip. In our own experience we
have estimated approximately 4 percent of our hips to be
slightly longer (usually 1/4 to 1/2 an inch) because leg
length has been sacrificed for hip stability. After the prop
neck length, head size and stem size have been determine
by means of the trial prostheses, a permanent prosthesis ¢
the selected size is inserted into the femur. Either a
cemented or a cementless device is chosen depending on
patient’s age, bone quality, and activity level. Between 16
and 1985 we have had experience with a variety of
cementing techniques, bone plugs, chrome cobalt plugs,
silicon plugs, pressurized cement, low viscosity cement,
refrigerated cement, centrifuged cement and syringe injex
cement. In 1985, however, we returned to a finger packin
method with a catheter in the femoral shaft and Palacos
cement. This has produced excellent results since the dou

)een rasped, trial prostheses
re inserted in the femur and
educed into the acetabular
omponent. The neck
election is based on the
ppearance of the patient’s
roximal femur. If the
iatient has a high offset
arus type neck, a high
ffset varus type neck is
elected if such is available

n the system used. The most Screw insertion.

Floro Images

Femoral broach. Trial modular stem w/o neck.

Femoral broach insertion/superior
stab incision
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mass of Palacos is sucked into the femoral canal (as if
cted) and its distal portion acts as a plug due to its

ghy characteristics. In the proximal portion of the femur
cement can be pressurized into cancellous bone by direct
er pressure.

is of note that recently we have used a variety of newer
lular femoral devices (Apex Modular™ Cementless

n and OTI R-120™ Cemented Modular Neck) which
~allow for more accurate reproduction of the

nechanics of the hip and minimize the need for the
erior capsular and external rotator releases.

al Mini-Incision Technique

or close to twenty years I have also been using a dual
sion approach which originated in response to the need
more precise preparation of the femoral canal in non-
ented total hip devices. By using a stab wound or a short
»nd incision just proximal to the greater trochanter, it has
1 possible to insert cylindrical reamers and rasps of all

s to prepare the femoral canal. We have also inserted the
al prosthesis through the second incision but in most
ances with the standard (non-modular) prosthesis we still
er to insert the prosthesis through the main anterior

sion after the appropriate mobilization and delivery of
proximal femur into the wound. As stated in the previous
\graphs, in order to achieve this we have done posterior
sulectomies, released the short external rotators and
‘ormis and, if necessary, the anterior origin of the tensor
ia lata from the iliac crest.

he second incision has allowed us to do non-cemented
ices with shorter skin incisions and it is also of note that
aave not used any special retractors or instruments other
1 our Cobras and Homans.

'e have, however, modified the rasp handles on the
sthesis we have used. In some systems we have bent the
s and have been able to insert the prosthesis without a
nd stab wound. In other systems we have had nothing
straight rasps inserted though the stab wound

eymuller and more recently Spectron, SNR)

'e have not used surgical navigation techniques nor
roscopy to insert our rasps. The pictures in this article

e taken on a radiolucent operating table for teaching
yoses. If there is any doubt in the surgeon’s mind about
rasp and prosthetic placement, fluoroscopy techniques
be easily applied to the process.

ree Mini-Surgical Incision Approach

he third mini-incision is basically a stab wound distal to
main anterior incision. Through this stab wound

abular reamers and acetabular inserters can be

bgraded to allow reaming and prosthetic placement

ugh the short anterior incision; the acetabulum exposed

Inferior stab wound serves for
placement of suction drain.

Superior stab wound aids in
placement of femoral instruments.

procedure this third incision or stab wound is used for
suction drains.

By using three short incisions we have been able to do
both cemented, non-cemented, and hybrid procedures in the
obese and/or very muscular patients without making long
skin incisions, undermining thick layers of fat and cutting
muscles unnecessarily (heaviest patient 450 Ibs.).

Our outcomes in this subset of large patients have also
been good and we do not hesitate to perform total hip
arthroplasties in these weight challenged patients.

Clinical/Surgical Impression of Newer
Proximal Modular Designs

Implant orientation is always a significant part of any total
hip technique. The mini-incision approach places a higher
demand on awareness of implant positions due to the
limitations of exposure and the increased risk of hip
dislocation. Proximal modular stems provide for final
mechanical adjustments thus reducing the risk of implant
impingement, leg length discrepancy, and soft tissue laxity.
These newer designs should aid surgeons who are not
familiar with the anterior mini-incision approach to be
confident in their ability to routinely implant components in
their proper biomechanical orientation.

Proximal
Modular
Cementless

Reference Book on Total Hip Modularity - JISRF.org
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Minimal Invasion Incision Using the Posterior Approach

3y Lawrence D. Dorr, M.D.

The MIS posterior hip incision can be performed in a
najority of THR patients with a length of 5-10 cm placed
ilong the posterior border of the greater trochanter from the
evel of the tip of the trochanter to that of the vastus tubercle
‘Figure 1). This incision can be used in patients who have a
»ody mass index (BMI) that is between 26.0 and 50.0. With
1 BMI above 30 the incision for us averages 13 cm. The
satients for whom an MIS incision is most difficult are those
who have a very thick gluteus maximus muscle and these are

“igure 1: Incision.

»ig men. The learning curve to become proficient with a 5-
10 cm incision, so that it can be predictably and
‘eproducibly employed, will be 40 hip replacements with
ippropriate instrumentation. With the appropriate
nstrumentation the components can be implanted in 30-40
ninutes and the closure, which includes the capsule and use
Of a subcuticular suture for skin, will take approximately 20
ninutes.

Our data with 76 consecutive hips is that 60 (80%) could
se done with a 10 cm or less incision (16 others averaged 13
m). These operations were done with specifically designed
nstruments including a curved reamer (Figure 2). Our data

showed discharge was 1.5 days quicker with only two
patients having to go to rehabilitation (previously 33% d
s0). Complications included one infection, one transient
sciatic palsy which resolved within one month, and no
dislocations. Pain scores (1-10 with 10 being worst) wert
3 on the three postoperative days in the hospital, and 3-4
pain tablets being used per day. No narcotics are used by
Ropivacaine is used in the epidural for an average of 20
hours and Toradol is given intravenously for two days. O
third of patients go home on a cane and by six weeks 80°
are on no assistive device (we use non-cemented implant
Gait analysis shows cadence, stride length, and gait velox

Figure 3: Cup insertion.

all are 80-90% within normal by six weeks. Stride lengtt
only 60-70% of normal at six weeks because extension o
the hip is limited by still abnormally firing flexor muscle
All other hip muscle studies are essentially normal for
phasic function by 6-12 weeks.

MIS hip surgery has tremendous mental benefits for
patients. They feel their body is less violated and less
injured. This positive mental attitude accelerates recover
decreases pain medicine use, and decreases postoperative
depression. Providing this mental comfort for the patient
as much a responsibility of the surgeon as the physical c:
as long as the operation can be predictably and reproduc:
performed by the surgeon with the small incisions of 5-1
cm. It remains the responsibility of the surgeon to perfor
predictable and reproducible operation as this is a more
important responsibility of the surgeon to the patient thai
the length of the incision. However, if the experience anc

clrill Aaf the enroenn allawe the emall incician tn he nced
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Surgical Navigation the Answer and Is Real Time Intra-operative

icumentation Needed?
.M. Reynolds, M.D. and Timothy McTighe

There has been growing interest in
surgical navigation in part due to continued
problems with dislocation. Dislocation have
been reported in primary surgeries from 1-
10% and as high as 29% in revisions. This
senior author has revised over a hundred
loose cementless cups just in the past year
due to a well known recall of hip implants
with fabrication problems. These have
increased our dislocation rate from 2% to
over 20%. Many of these revised cups
present significant problems in determining
proper cup orientation, cup stability, and
added problems to joint stability due to
compromised soft tissue integrity.

Intense and excess rehab, along with
reduced levels of activity, post-op bracing

modification of life styles have allowed some patients to
vack into reduced normal physical routines.

imb alignment, implant position and soft tissue balance

> become significant problems. There is no easy and
rate way to track the relationship between pelvis and the
ur during surgery. Certainly patient position and

tations of conventional instruments can affect cup
tioning. Drapes obscure the patient and make leg

nment for orientation difficult. In addition we are often
ing with significant loss of bone and orientation

Imarks.

eg length measurement is difficult at best. Pelvic tilt can
found intra-op leg length checks. One solution would be
se trackers fixed to the pelvis and femur that can record
r relationship to dislocation to ensure the desired leg

ith and femoral offset is achieved.

his intra-operative documentation system will provide
time feed back that will aid the surgeon in knowing

re he is and where he needs to go to correct the
nechanical aspects of his hip reconstruction. Possible
itional benefits of such a system would be to document
ical results such as cup position (abduction=45°),
eversion=20°); femoral offset 45 mm, leg length +2mm
femoral version angle 15°.

‘intouts for posting in the patient’s chart should

1ediately be made available, reducing the chance of error
ng transcription.

simple reproducible system of documenting limb

nment and implant orientation that does not require
‘1al aneratare ar exnencive nrennerative nrenaration and

One such system is the NaviPro™ System from Kinamed.
This system is based on digital technology. It allows for
checking relationship between femur and pelvis before and
after implantation without imaging technologies. Basic
components include a mobile trolley cart that holds a stereo
camera, low-profile computer, flat-panel display, foot
controls and a mini-printer.

Surgical instruments include passive trackers for the
pelvis, femur and a calibrated probe. The technique requires
location and marking pelvic landmarks, both ASIS joints,
and the Mid-Pubis. Draping, soft-tissue or the patient holder
may obscure landmarks. A calibrated patient holder is
helpful for the posterior approach. Recording the native
pelvis-femur relationship prior to dislocation can be done
with manual manipulation of the leg.

At this point standard surgical technique for acetabulum
preparation is carried out. During insertion of the trial cup, a
tracking probe can be attached to the shaft of the cup
impactor and cup position can be registered by engaging a
foot pedal. The LED screen provides real-time feedback on
cup position (abduction & anteversion).

A tracking device is attached to the greater trochanter for
referencing leg length and femoral offset. Standard femoral
preparation of the femur is carried out and with femoral
trials in place, the reduced hip measurement is carried out by
a click of the foot pedal. The NaviPro™ software computes
the new pelvic-femur relationship, registering leg length
and offset.

A simple printout summarizes results of the surgical case
accurately, documenting implant orientation and
biomechanical restoration. We are excited about the
prospects of this technology and will report our particular
experience with it in the future.

Position Impactor
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Surgeon Highlight

Prof. Kristaps J. Keggi, M.D.
Yale Univeristy School of Medicine
New Haven, Connecticut

Education:
Yale University, 1955 B.A.
Yale University School of Medicine,
1959, M.D.
American Board of Orthopaedic
Surgery, 1968

Residency:
Intern & Assistant Resident Surgery
The Roosevelt Hospital, New York,
NY 1959-1961
Assistant Resident & Resident in
Orthopaedic Surgery
Yale University 1961-1964

Gaptain, MG, USAR

Orthopaedic Staff, William Beaumont General Hospital, 1964-1965

Chief, Orthopaedic Surgery, Third Surgical Hospital, Vietnam, 1965-1966
Director, Orthopaedic Center for Joint Reconstruction, Waterbury Hospital
Clinical Professor of Orthopaedics and Rehabilitation

Academic Awards and Honors:
Yale Orthopaedic Teaching Award, 1969, 1976, 1984, 1985, 1993, 1999
Honorary Doctorate, Latvian Medical Academy (Medicinae Doncotrem
Honoris Cause), 1997
Honorary Doctor of Humane Letter Degree, Quinnipiac College, 2000
Orthopedist of the Year 2001, Connecticut Orthopedic Society
Latvian Academy of Science, June 1990, Honorary Member
Russian Academy of Medical Science, 1993
Latvian Order of the Tree Stars, 1995
V Class Order of the Estonian Red Cross, 1999

Society Memberships:
American College of Surgeons
American Orthopaedic Association
American Academy of Orthopaedic Surgeons
Eastern Orthopaedic Association
American Association of Hip and Knee Surgeons
Society for Arthritic Join Surgery
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Commentary

This edition of JISRF Update provides stimulating
material for consideration of two “hot™ topics in
reconstructive surgery. Both the less invasive hip
replacement surgery and navigation systems have gained
greater interest and consideration by reconstructive
surgeons.

Just as arthroscopic assisted surgeries have
revolutionized many knee and shoulder reconstructions,
less invasive exposure, perhaps in conjunction with
navigation or other imaging techniques, hold promise
for diminished patient pain, quicker rehabilitation and
more accurate placement of components. This should
result in better clinical outcomes and improved long
term implant durability.

From the outset it is important to realize, and
accurately convey to our patients, that hip replacement
still remains an invasive procedure with inherent risks
regardless of approach. Early reports come from very
experienced hip surgeons with a wealth of experience
and expertise. These reports suggest benefits including
diminished blood loss, decreased length of stay and
earlier return to more normal gait. However, minimally
invasive approaches should not be pursued at the
expense of inadequate visualization or sub optimal
component positioning and stability. The advent of
modular femoral components should facilitate less
extensive exposure as well. Modularity also allows
adjustment of leg length, offset, anteversion and most
importantly improved hip stability.

The second hot topic concerns the utility of
navigation systems. Current interest in these systems
would seem to stem from two concerns, dislocation and
leg length discrepancy. Although several large studies
suggest that a posterior approach is not associated with
a statistically higher incidence of dislocation, many
surgeons have abandoned this approach despite its ease.
Navigation clearly should optimize acetabular cup
position, which is the most common cause of hip
instability regardless of approach. Leg length
discrepancy remains the number one basis for legal
action. Again, navigation systems are capable of
accurately determining and documenting changes which
occur during arthroplasty. When used in conjunction
with a modular system, the surgeon can manipulate leg
length, offset and resultant hip stability.

All of the above issues require further investigation
and consideration. Further refinements certainly will be
made. This clearly represents an exciting direction in
reconstructive surgery.

John A. Froehlich, M.D.
Providence, RI
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Why Use a Modular Neck
Design for Bemented THA?

Hugh U. cameron M.B., Ch.B.
Timothy McTighe, Dr. H.S. (hc)
Bernard Stulberg, M.D.
Kristaps J. Keggi, M.D.

What are the immediate What are the immediate - ’I.‘wo Remaining )
goals of THA? goals of THA? (cont) Significant Problems in
Eliminate Pain .Ei":::l‘::'i" * Dislocation THA
ew Hip Restore Function
Restore Function * Reproduce Hip Ottt
Mcaties” & Pamor Ottt (o Vo et
1 Femoral Offset 1. Neck Length rey
Neck Length 3. Version Angle H:;H'nn _,___.I-ﬂ-‘ |
Version Angle Fikds —% \
Two Remaining
Dislocation Significant Problems in Keys to Success in THA
* Reports from 2-8% _‘! THA (conl.) ¢ Technigue, Technigue, Technlgue
= Higher in Posterior P * Ostenlysis [ Limb Alignment
Approach z Implant Posltion
* Higher in Sm. Dia. Soft Tissue Balance
Heads
’ :b{,lﬁgwlu RV * Patient Selection
- = Implant Design
* Implant Materinls
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Canal Reaming

-

Long Straight
Femoral Broach

Femoral Trial
Insertion

Valgus Neck Shalt Angle
1477 [position 6)

Varus Mook Shaft Angle
123" {position 0}

(Same pl., same implants,
differsnt neck positions)

Femoral Stem & Cup in
Place w/o Neck

Ways to Reduce
Dislocation

* Anterior or Direct Lateral Approach

* Restore Hip Mechanics

* Modular Neck to Aid in Restoration

* 32 mm Dia. Head or Larger

* Do not use skirted necks or modular truion necks

* Constrained sockets (not indicated for impingement
problems)

¢ Reduce Use of Angled Poly Inserts
* Navigation System ($50,000-250,000)

IMIN™ Study Group Members*

Design: R-120™
Hugh U. Cameron, M.B., Ch.B.
Timothy McTighe, Dr. H.S. (hc)

lan Murray, M.E.

Clinical/Surgical
Milt Smit, M.D.
Bernard Stulber, M.D.
John Froehlich, M.D.
Peter Buchert, M.D.
Kristaps Keggi, M.D.
John Keggi, M.D.
Dave Halley, M.D.
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* Modular neck design aids in
fine tuning joint mechanics

* Works with all surgical
approaches

* Allows for femoral stem
insertion first (aids in
reducing blood loss)

* Allows for ease and access in
case of revisions

* Reduces chances of
mechanical impingement of
implants with mini-incision
surgical approaches

Clinical Summary to Date

50 implanted since 1/02 by authors

250 implanted in last 12 months by study group members®
0 dislocations

0 intra-op fractures

No significant leg length inequalities

70% indexed to positions other than 0
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Cementless Modular Stems

By Timothy McTighe, Editor

Introduction

Our past November 2001 feature article reviewed and highlighted a specific modular
design for use in a cemented total hip stem. This article will look at modular cementless
stems. Both of these publications are dealing with the restoration of the joint mechanics. The
goal of biomechanical restoration of the hip is the same regardless of the type of stem
fixation used. However, due to the inherent properties of materials, limitations can and do
occur for specific design features. Example: specific designs that are acceptable and reliable

for cobalt chrome alloy might be unacceptable for titanium alloy designs.

The early nineties saw a number of first and second-generation modular stems come and go.

It is important to understand the specific design features and goals of Modular Total Hip
Stems and not to lump all designs into one simple category * Modular Stems”. In fact,
modular sites, designs, features, material and quality can be quite different in nature and

sophistication.

Modularity Classification
* Proximal
* Mid-stem
* Distal

Product Review

Proximal

Head/Neck

AML? is now considered both state-
of-the-art in head/neck design and gold
standard as cementless stem.

Neck Extensions

Retrieved
ingrowth
sample (coltier)

this feature.

Example head/neck
taper

Reference Book on Total Hip Modularity - JISRF.org

Trunion sleeves offer increased
neck length adjustments, however,
tend to reduce range of motion. Many
designs have discontinued offering

In This Issue:

Introduction
Product Review

Modular “Dual
Press™” Stem
Design

Modular Neck
Design

o
oo
L]
La+]

Commentary

Joint Implant Surgery and
Research Foundation

is a non-profit scientific and
educational organization founded
in 1971 by professor Charles 0.
Bechtol, M.D.

The foundation over its past 30
years has conducted CME
activities for both surgeons and
nurses while sponsoring clinical /
surgical study groups, including
basic science projects that have
led to the development and
marketing of significant Total Joint
Replacement Implants.

y Y
Head/Neck W 3‘2?:

Trunion
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Product Review (continued)

Modular Necks 0TI
These designs allow for D A0
adjustment of hip mechanics ;-!'54'
in a mono-block stem. In i
addition, they provide the Hostin
option for stem insertion ' £

prior to cup preparation,
thus reducing operative
blood loss. The OTI design
is the only c.c. modular neck |
design of which we are

Cremascoli
neck designs

'

wo o
W 4

Lima F2L™ Multineck design

aware.

Anterior / Posterior Pads

This design allowed for adjustment of fit & fill in the A-P
width of the implant. It was criticized for not having
circumferential porous proximal coating. While the design
allowed for adjustment or fine tuning of joint mechanics, it
was discontinued.

Modular Collars

These designs increase collar/calcar contact. Omni-Flex
porous was criticized like the RMS for not having
circumferential coating and was discontinued, however the
HA version is still in limited use. There have been no
reported fractures of their collars.

Proximal Shoulders (bodies)

This area of modularity encounters the largest differential
in design styles. Some devices like Apex and Margron are
more than just a neck, but less than a
metaphyseal body. They have the design
option of increasing their proximal body
height to compensate for bone loss. Some of
these designs, like Apex and Margron, also
allow for variable anteversion.

These designs all feature different locking
mechanisms for the modular components.

Apex
Modular™ 5

144

Richards
Modular Stem

OmniFlex™

s

- "\

Infinity™
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Product Review (continuvead)

Stem Sleeves

Stem sleeves offer the advantage of fit & fill with
adjustment of hip mechanics. Some designs like the S-
Rom™ require removal of the stem to correct offset or
version, while newer designs allow for correction with the
stem insitu. All of these designs feature a modular site
located within the femoral bony cavity. This has a higher
concern of fretting wear debris being delivered directly to
the implant/bone interface versus designs with modular sites
located out of the femoral cavity.

Dr. Sivash is credited with creating the first stem/sleeve
cementless total hip stem introduced in the United States by
the U.S. Surgical Corporation.

The Sivash total hip system never received major clinical
or market success, partially due to the difficulty of the
surgical technique, and the positioning of this constrained
device. We must, however, not overlook its major areas of

S-Rom®

contribution. 1984 Solid
¢ Titanium alloy for femoral stem and chrome cobalt for g't';‘:jd

head articulation

» Cementless (threaded) petalled acetabular component

* Titanium alloy proximal sleeves for enhanced collar

calcar contact

» Constrained articulation (metal on metal)

In 1975 Noiles and Russin redesigned the Sivash stem to
improve its function in cementless THA. Adding
eight longitudal flutes similar to that of the
Samson intramedullary rod reduced torsional
forces on the implant interface.

Dr. Hugh Cameron started his clinical use of
threaded sleeves and the S-Rom stem in July,
1984. Due to demanding surgical technique, an
array of press-fit taper-lock sleeves was
developed. This evolved into the current stem
sleeve combination and is now considered the
gold standard for modular cementless stems.

(1983)

SRN™ (1975) S-Rom
Current .

design

e

SPT™ (1984)  SPA™ (1984)

UniSyn™
AcuMatch™

Recently Issued Stem Sleeve Patents

Fernandez, et al Doubler, et al
2001 2001

. sy 3’_|| /—ns =

!

Noiles, et al
2001
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Product Review (continued)

Q
Mid-Stem '/ -r

These designs offer versatility in
correction of sizing mismatch between Cremacoli
proximal and distal femoral anatomy.
This feature has been very helpful in
complex revision cases.

Impact™

Mallory/
Head™

Link™
MP Stem

Distal Sleeves

These designs allow for distal stem fit with different distal
style options (smooth, fluted, or porous). One of the more
interesting concepts is the Omniflex™ stem from Osteonics.
This stem features a polished distal stem tip. The design goal
was to improve load transfer and minimize the thigh pain
associated with a poor fitting or toggling distal stem.

Devices like the APR II and RMS had other under-
designed features including the lack of circumferential
coatings, poor locking designs on modular cups, and, in the
case of the APR II titanium femoral heads, significant bone

1/

lysis. The combination of problems certainly affected the APR 1™
acceptance of distal sleeve designs. Possibly, with current Richard’s

technology, distal sleeves could be designed with minimal Matrix™ .
abrasion wear problems. However, I believe distal sleeves /"5'-‘
would have great difficulty gaining acceptance in the \/

marketplace.
Of these devices, I believe only the Omniflex HA stem is
still available.

|

Precision
HA OmniFlex™ Osteolock™
Multi-Modularity
The RMS is the best example of excess modular sites for a ,
cementless hip stem. Qq\..\
In addition to the modular sites for its cementless porous
cup and optional screws, you could end up with over six \@
interface sites. From a fit & fill point of view this system . )
was a very novel approach that offered significant versatility C RMS™
in addressing surgical and anatomical situations. However, it | Modular Head
faced too many problems in the market and has been Modular neck trunion
discontinued. | Modular A{P Porous Pads
l Modular distal Sleeves
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Summary

These stems represent some of the current trends in both
design and marketing efforts. This tendency is no doubt due
to both the clinical and market success of the S-Rom and
competition attempting to improve upon the S-Rom stem by
offering different design features. These designs attempt to
offer features for fit & fill of the implant to the bone and
some adjustment of joint mechanics.

Certain modular designs’ goals have changed over the past
15-17 years. In the early 1980s fit & fill were the principal
objectives. Today aseptic loosing does not have the same
concern. The reduction of particulate derbies and restoration
of hip mechanics are the focal point.

The AML certainly has become the gold standard for
cementless monoblock stems and the S-Rom stem is
considered the gold standard for modular cementless stems.
As with all advancements in design and technology,
products that work well today would not necessarily be
designed as is with our current knowledge base.

In 1995, along with coauthors Trick and Koenman, we
wrote a chapter in the Encyclopedic Handbook of
Biomaterials and Bioengineering, “Design Considerations
For Cementless THA™. In that chapter we reviewed the use

of modularity and made some
predictions as to product design
features in the near future. The J i
main focus of our design direction
was for the stem to incorporate a ' )
proximal modular body that would ‘ J
allow for correction of version, i w
offset and vertical height without |
disruption of the stem body from .' v
its bone interface. Proximal bodies |'
of different sizes and shapes i
would be available that provide for
versatility and retrievability with ]
little or no bone destruction. ' '
No one would argue that
restoration of hip mechanics is
critical to a long-term successful
clinical outcome. Today designs
exist that allow the correction, or fine-tuning, of the hip
mechanics after the stem has been implanted. This issue will
feature one specific design (Apex Modular Stem).

McTighe, et al
“Intrinsic” Design

Surgeon Highlight

Dr. Tkach implanting new modular cementliess stem.

Dr. Tom Tkach

Oklahoma City, Oklahoma

Education:
Premedical B.S., Zoology, University of Oklahoma - 1985
M.D., University of Oklahoma - 1989
Intern General Surgery, University of Oklahoma - 1989 to 1990
Residency  Orthopaedic Surgery and Rehabilitation, University of
Oklahoma Health Sciences Center - 1990 to 1994
Fellowship  Total Joint Fellowship, University of Utah - 1994 to 1995

Honors & Awards:
The University of Oklahoma College of Medicine
Admissions Committee - 1989
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A RTICLE

New Proximal “Dual Press™’ Modular Stem Design

By *JISRF/Apex Study Group Members
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limitations for correction of joint mechanics
(particularly after stem implantation); generation
of particulate derbies; fatigue strength and
retrievability.

With these concerns in mind a design goal was established
to provide for a new proximal modular cementless stem
(Fig. 1) that would address the proven fit & fill features of
today’s contemporary cementless stems with updated
modular features that provide for more intra-operative
options (Fig. 2).

The Apex Modular hip stem employs a modular junction
between the titanium alloy stem and neck that is simple,

Figure 3

Overlap in these
areas creates
“Dual Press”

Modular Neck/Head Selection Chart I

robust, and very stable. This patent pending modular design
allows for a large selection of necks to enable the proper
combination of anteversion angle, lateral offset, and neck
length/leg length, for the restoration of proper soft tissue
tension and joint biomechanics.

The neck is connected to the stem with a Dual Press
junction (Fig. 3). This modular attachment mechanism is
new to orthopaedic implants, but the concept was derived
from conventional mechanical tool design. The main
distinguishing feature is that the hole in the stem and the
mating peg on the neck are cylindrical rather than conical or
tapered. To create a mechanical lock, the proximal and distal
diameters of the peg are slightly larger than the
corresponding holes in the stem, creating two bands of
interference, or “press fit”.

This design eliminates the need for locking tapers, which
can be difficult to manufacture and prone to disassociation,
and avoids the use of screws, which can loosen and
disassemble. For all practical purposes, the stem performs as
a one-piece stem (with a conventional modular head) after
attachment of the neck.

The proximal end of each stem includes an alignment pin
that engages with a mating hole on the distal surface of each

Reference Book on Total Hip Modularity - JISRF.org



Figure 4

Schematic of S-ROM ® (taper-fit) Schematic of Apex (Dual Press)

modular neck. Each neck has three holes, corresponding to
zero, plus 15, and minus 15 degrees of version. This ability
to adjust neck orientation eliminates the need for separate
left and right stems, thus reducing inventory requirements,
while enabling better restoration of joint biomechanics. The
pin and hole also provide additional torsional stability, as
well as control of the version angle.

The problem with a taper connection is that the axial
position of the two parts after assembly cannot be controlled
exactly, due to the required manufacturing dimensional
tolerances. For example, notice the large axial gap
(intentional) between the taper-fit S-ROM® stem and sleeve
(Fig.4). In such a design, all of the load applied to the
femoral head must pass through the tapered portion, and
there will always be variability (due to manufacturing
tolerances and force of assembly) of the final axial position
(i.e.leg length).

In contrast, the advantage of a press-fit connection (used
in the stem-neck junction of the Apex Modular hip) is that
the two parts can be designed and manufactured to fully seat
upon assembly.

What does this mean for the Apex Modular stem? This
press-fit design provides two important advantages (see
Figures 3 and 4):

1) the neck can be fully seated against the top surface of
the stem, so leg length is predictable; and,

2) the neck strength is increased by the direct support of
the stem (versus having all of the load transmitted through
the peg), so offsets can be greater.

Narrative Summary of Testing To Date’

The Apex Modular™ Hip Stem includes two modular
connections: the industry standard taper connection between
the modular head and the modular neck, and the Dual
Press™ connection between the modular neck and the
modular stem. Testing of these modular components
included: forces required for assembly of the neck onto the
stem; fatigue strength of the construct; post-fatigue
disassembly strength of the neck from the stem; and fretting
of the fatigue-tested components. Prior to fatigue testing,

ISRF Update

three of the modular femoral stems and necks were
assembled using an instrumented mallet to measure the
required assembly forces, at the Orthopaedic Bioengineering
Laboratory, UCSF. For each impact applied to the neck, the
force profile and instantaneous peak force were recorded.
The maximum peak force required for assembly of these
components ranged from 801 to 944 Ibf.

Tests of fatigue strength, disassembly strength, and
fretting of the Apex Modular femoral stem were performed
by Paul Postak at the Orthopaedic Research Laboratories
(under the direction of A. Seth Greenwald, D. Phil. (Oxon)).
The smallest stem (size 2, 9 mm distal diameter) was tested
with a medium 42.5 neck and a 28 mm head with a +7 mm
offset. This combination results in a total lateral offset of
47.5 mm. The fatigue tests were performed with the load
configuration as per ISO 7206-4 and load magnitude as per
ISO 7206-8. In this configuration, the stem is tilted
9 degrees out-of-plane (in the anterior-posterior direction),
which results in torsional loading of the stem and the neck-
stem modular connection (Fig 5). Six devices reached 5x10°
cycles without failure, as required by ISO 7206-8 and the
FDA guidance document for femoral stem prostheses.

The same six components were tested for static assembly
strength (after fatigue). Each of the stem-neck assemblies
was sequentially loaded to 60 ft-1bf of torsion, and then
tension up to disassembly (or 1000 Ibf, whichever came
first). No disassemblies occurred during the torsional
loading, with all stem-neck assemblies reaching the torque
limit. The minimum tensile load required to disassemble the
neck from the stem (after the fatigue and torsional loading)
was 593 Ibf (3 of the 6 stems reached the 1000 Ibf limit).

Finally, the three disassembled components were
examined under a stereomicroscope for evidence of fretting
and corrosion between the mating parts. Fortunately, the
worst damage (type “C”) on the fatigue-tested Apex
Modular femoral stems was found on a location that is
unlikely to fracture. The location and pattern of this damage
corresponded to the outer edge of the proximal stem surface,
where the neck was overhanging the stem. This overhang
was relatively extreme in the tested components due to the
combination of the smallest stem with a relatively high
offset neck. There was no severe (type “C”) damage at the
critical neck-peg modular junction; the large majority of the
damage at the press-fit surfaces was classified as slight (type
“A”), with the remainder classified as mild (type “B”).

In summary, the size 2,9 mm stem with the medium 42.5
neck and +7 mm offset head (total lateral offset of 47.5 mm)
successfully passed fatigue testing as per the relevant ISO
standards and FDA guidance document. In addition, based
on supplemental finite element studies (Fig. 6), the only
stem-neck combinations that are worse case than the fatigue-
tested combination are the size 2, 9 mm stem with the
short 40, medium 47.5, or long 50 neck. These particular
stem-neck combinations are contra-indicated due to the lack
of corresponding fatigue tests. While one fracture occurred
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in the fluted region of an
additional stem in the fatigue Figure 5 m
study, this fracture resulted from a o

failure of the embedding protocol,
and the strength in the fluted
region is equivalent to the strength
of the fluted region of a similarly
sized S-ROM stem.

Load

Bwralbal b
Load axis
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Loading MNose

Aarated
Saline 3T°C

Device Fatigue Testing

The fatigue tests were
performed with the load
configuration as per ISO 7206-4
and load magnitude as per ISO
7206-8. In this configuration, the
stem is tilted 9 degrees out-of-
plane (in the anterior-posterior
direction), which results in
torsional loading of the stem and
the neck-stem modular connection
(Fig. 5). The load was cycled at 10
Hz, sinusoidal loading, with Figure 6
minimum and maximum peaks of
300 N and 2300 N (compression),
respectively. Six devices reached
5x10° cycles without failure, as
required by ISO 7206-8 and the
FDA guidance document for
femoral stem prostheses.

PhMA |

Oifsat angie Load Cell
g e i
n the sagital plane

Specimen orientation and text schematic 3 as per IS0 7206-4.

-y,

Strength of Other Stem-Neck
Combinations

A design analysis using finite
element methods was performed to
evaluate the strength of other stem
and neck combinations relative to
the combination that was fatigue

tested (Fig. 6). Example finite element meshes used to predict fatigue for the various stem-neck combinations.

The highest tensile stress, and
thus the area at greatest risk of fracture initiation, was to the horizontal interface. The average amount of titanium
predicted to occur on the lateral surface of the stem. The debris generated over a | million cycle period, measure at 5,

maximum tensile and effective stresses in the neck were less 10, 15 and 20 million cycles, was less than 0.004 mg. This
than the maximum stresses in the stem, and thus the models  equates to a volume of less than 0.001 mm? per 10° cycles.
predict that the neck is less likely to fracture than the stem.  As a point of comparison, the reported volumetric wear of
metal-on-metal total hip replacements is on the order of 1-6

High Cycle Fatigue Testing of the Apex Modular™ Hip mm® per year, or more than 1000 times higher than the

In addition to the previous study, size 6, 14.5 mm stem, titanium debris measured for the Apex Modular stem in the
and neck-head combination with 52.5 mm of lateral offset, present study.
survived 48.5 million cycles of fatigue loading with no
failure. The increasing cyclic loads reached a maximum
peak value of 6 times body weight for a 180 Ib individual.
The test was terminated at 48.5 million cycles due to failure
of the cement used to embed the distal stem. The mating
surfaces of the neck and the stem showed no signs of wear
or fretting at the press-fit peg, and minimal fretting damage
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Surgical Procedure
I. Femoral osteotomy
2. Open the medullary canal with an osteotome or
reamer
3. Straight ream to correct size and depth

Femoral Instrumentation

Distal Ream Proximal Ream

Clinical Summary to Date

¢ 380 total implanted (as of 1-Mar-02)

* 25 different surgeons

* 2 dislocation*

* No infections

* No revisions

* No significant leg length inequalities

* Approx. 10% anteverted

* No significant pain at 3 months

*The first patient had postop dislocation occurred while
rising from a low seated position (lawn chair), closed
reduction treated with a brace, no further incidence. The
second patient encountered two dislocations due to
medialization of acetabular component not recognized at
time of surgery corrected by exchanging modular head to
increased height. Patient now stable with no further compli-

4. Conical ream to correct size and depth
5. Broach (medial calcar only)

6. Trial neck and head with broach

7. Assemble and implant stem and neck

Trial

Broach

Early impressions as a group

We are better able to address restoration of hip mechanics
with this device as compared to prior experience with other
cementless implants. However, only long-term outcome data
will provide and demonstrate whether this device will
improve clinical scores and survivorship. We are extremely
encouraged at this point.

*Members

Warren Low, M.D., Oklahoma City. OK
Tom Tkack, M.D., Oklahoma City, OK
Joseph Chenger, M.D., Nashville, TN
Timothy McTighe, Chagrin Falls, OH
Edward J. Cheal, Ph.D., Lakeville, MA
George Cipolletti, M.S., Lakeville, MA

Dave LaSalle, M.B.A., Lakeville, MA
Jim Henry, B.A., Oklahoma City, OK
John Froehlich, M.D., Pravidence, Rl
Lowell Niebaum, M.D., Las Vegas, NV
Del Schutte, M.D., Charleston, S.C.
Joseph McCarthy, M.D., Boston, MA

cations. I'Full technical monographs available upon request.
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Early Impressions of a Modular Neck
Cementless Total Hip Stem

By Milton John Smit, M.D., FA.C.S.

For many years [ have
been satisfied with the solid
fixation of the AML-type,
fully porous-coated mono
block stem. But I, as other
clinicians, have noticed . A
there is need for some L
proximal variability in i
design to help accommodate
the various clinical
conditions. Modular femoral
stems have been designed to
accommodate changes, such
as difference in size between
the stem and the hip as well
as changes in rotation and
neck shaft angle. I have
recently come into contact \
with a new design modular

[
L

Dr. Milton Smit

neck (ALFA II hip). I have
been using the fully
porous-coated stem, the ALFA 1, since 1996 and have
implanted over 314 stems with no revisions. However, I did
feel the need on several occasions to be able to adjust the
neck for both varus hips and hips where the size of the
femoral canal is disproportionate to the size of the hip joint.
The ALFA II is designed to accommodate modularity
specifically by being able to change the neck. It has the
standard proximal Morse taper for articulation with the head
but has a unique, distal double Morse taper at the distal end
of the neck at the junction with the stem. This has
mechanical indexing to allow for changing the rotation of
the neck as well as the length of the neck separate from the
stem. This has several theoretical advantages.

Since the design is a dual Morse taper, there is minimal
risk for micro-motion or fretting.

Because a modular site is at the neck, it is easily
accessible at the time of surgery being outside the bone.
Since the neck is outside the bone, this can be modulated
after fitting the femoral stem, which has two advantages,
that is, the trial can be done after full stem implantation as a
separate part of the procedure, and also allows for insertion
of the stem prior to doing the acetabular component. This
may, in theory, decrease blood loss at the time of surgery.

The mechanical indexing available at the distal double
Morse taper lock allows for rotation along twelve separate
points. By rotating the position, it can adjust the neck shaft
angle from approximately 125 degrees to 147 degrees; and

with the 8 degree and 12 degree
available necks, the anteversion
can be rotated from 0 to 12
degrees. This theoretically is
helpful in correcting the exact
anatomy of the proximal

femur and aligning the

direction of the head and

neck directly into the
acetabulum as desired.
Clinically, of course, it

would help correct

lateral offset of the

proximal femur to

allow for adequate

balancing the w5
muscles without

excessively

lengthening the leg.

In addition, the

modular necks are

available in three different lengths so whereas they can be
indexed in different positions, they can also be chosen
independently of the size and length of the stem. This
theoretical advantage can be useful in adjusting differences
in the neck and stem size. For instance, an elderly woman
with a large femoral canal due to osteoporosis can be fitted
with a large, well-fitted porous-coated stem and still use a

Alpha Il Stem
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short neck at an appropriate angle and rotation to correct the
anatomy. Whereas, a large man who might have a very small
canal due to strong cortical bone might use a smaller stem
size and still require a longer neck, which can accommodate
the patient’s anatomy without using a head segment that
does not have a collar. This might help correct the anatomy
without adding impingement. In summary, being able to
change all of these factors - rotation, neck shaft angle and
length - the anatomy can be accommodated precisely to
allow for excellent lateral offsets as well as correct leg
lengths and version angles. Better control of these factors is
necessary not only to prevent dislocations but, theoretically,
to reduce polyethylene wear.

Finally, if a hip of this type were to show polyethylene
wear, acetabular revision surgery would simplified since
both the femoral head and neck can be completely removed.
If the stem is stable, correction of neck shaft angle, version
and leg length are relatively simple.

Early impressions to date are that this modular indexable
neck design is no more difficult to use that the standard
monoblock stem which is available in standard size necks at
8° of anteversion and 135° neck shaft angle. Although my
use of this design is limited (16 cases to date), as with the
earlier modular heads the more experience one gets the more

Version Angles

versatility one sees in this new modular junction.

Only long-term follow up will clearly demonstrate the
viability of this design, but it appears to be a promising new
alternative for restoration of joint mechanics for Total Hip
Replacement. I would also note that additional studies are
ongoing in other medical centers regarding the use of this
same modular neck design in the cemented R-120™ Stem.

Commentary

In our feature article, laboratory testing has
demonstrated improvements in the mechanical
modular interface “Dual Press” while providing
benefits to fatigue strength levels of the constructed
stem. The sizing matrix offers an impressive array
of options in adjustment of offset and leg lengths.

The system appears at this stage of development
to have some limitations by design in the ability of
positioning version angles. This should not and has
not been a problem in treating primary or stage I
revisions. However, it might be limited in this
feature in treating complex revision cases. I am sure
this will be addressed as the system grows to its
next developmental stage.

The Alpha II modular neck stem offers a c.c. fully
porous coated design similar to the market leader
“AML™”. This design offers the surgeon the
opportunity for last minute adjustments or fine-
tuning the joint mechanics without removing the
femoral stem. A mono-block stem design does not
offer the versatility of other modular stems for fit &
fill features but has an advantage that the modular

site is outside the bony cavity.

In addition, with the current trend of small “mini’
incisions, proximal modular stem designs that allow
for stem insertion and in-situ assembly provide a
more reproducible technique and opportunity for

il

last minute correction of joint mechanics. These
examples of current stem designs demonstrate that
the market place is offering various designs and
features to better aid the operating surgeon to
provide the best device indicated for his patient.

Remember, it is important to understand and
appreciate the specific design features and required
techniques for that design and not to lump all
modular designs into one simple category of
“Modular Stems.”

2

Timothy McTighe
Executive Directory, JISRF
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' Joint Implant Surgery
& Research Foundation

INTRODUCTION

By Timothy McTighe, Editor

Cement fixation has stood the test of
time. Lately, due to increase medical
cost there has been a strong movement
back to the use of cement as a means of
fixation for primary THA. Many
companies have been influenced to
design newer systems that incorporate
a common set of instruments for both
cement and cementless stems. Caution
is urged in making quick decisions
concerning changing to these newer
common systems.

instruments for a cement and
cementless system it is very probable
that one design might be compromised.

Several variables can affect the basic
outcome of cemented THA:

* Stem Geometry and Material

* Cement Mantle Thickness

» Component Position

* Surgical Technique

The two persistent problems that
remain a concern with both cemented
and cementless THA are dislocation

In This Issue:
Page

@ Introduction

@ Feature Article: Femoral
Design Concept that Aids in
Fine Tuning the Restoration of
Joint Mechanics in THA

@ New Approach for Preparation
of Bony Surfaces for
Cemented Total Joint
Arthroplasty

@ Commentary

Over the years the mechanical and lysis.
properties of PMMA, implant design Several factors can contribute to :::l“l:d'a“:ﬂ::"l; 2“;3?1';"‘: :;mf'i‘;"and
and surgical technique have been dlslocallon:_ siltisainl urganizat?on founded in 1971 by
studied and improved. As a result, * Anatomical professor Charles 0. Bechtol, M.D,
aseptic loosening and product failure * Technical The foundation over its past 30 years has
has not been a problem with regards to * Mechanical conductad CMEactiitics for Doth siirgaons

and nurses while sponsoring clinical /surgical
study groups, including basic science projects
that have lead to the development and
marketing of significant Total Joint
Replacement Implants.

This volume is dedicated to
reviewing these factors and some of the
newer approaches addressing these
concerns.

primary THA. However, design
parameters are different for cement and
cementless stems. By trying to
standardize upon a set of common

FEATURE ARTICLE

By Hugh U. Cameron, M.B. & Timothy McTighe Figure 1

Femor_al Il_esi n Bnnqept height is too short, joint

that Aids in Fine TI.IIIIIIg the stability is a problem. If too

Restorat_inn_nf Joint long, patients are very

Mechanics in THA unhappy. Incorrect version sk
angle can result in reduced N

range of motion and W
possible toeing in. Short
medial offset will cause
shortening of the abductor
moments resulting in
increased resultant force
across the hip joint, and
increasing the tendency to
limp. Offset too great
increases torsional and
bending forces on the femoral
component. (Fig. 1)

Restoration of the hip joint
mechanics is critical to a long-term
successful outcome for total hip
arthroplasty.' Two important angles need
to be considered: the neck shaft angle
and the angle of anteversion. In addition
to these two angles, femoral head offset
affects the joint reaction force

Replacement of the normal position
of the femoral head is essential for
correction of mechanical balance
between abductor forces.” If vertical

Vertical Height

Centerof ,~

Rotation- 1\~

Femoral —————
Axis
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“Technique, technique, technique™ as quoted by David
Hungerford, M.D. is more important than design or material.
With that said, we feel design features can aid in correcting
technique related problems.

Surgical approach and technique not only affects soft
tissue laxity but
also can have a
significant
influence on
component
position. The most
common surgical
errors relate to
malpositioning the
acetabular
component,
however, malposition of the femoral component can
contribute to increase component impingement and
dislocation (Fig. 2).*°

Malpositioning of a cemented stem not only can result in
impingement, compromise of cement mantle thickness and
dislocation but can significantly impact bone loss by
requiring revision of the femoral stem. In addition,
malposition can contribute to bone lysis by the increase of
articulation wear debris.®

Two factors that can

affect range of motion
are component
positioning and

Figure 3

component geometry.* P _Jw

Although T

physiological range of ‘?f

motion vary for each $

patient an average of - 32 mm

114° of flexion is 28 mm

required for sitting.
There is no question
that increased range of
motion results in
better clinical results.

Head diameter, neck =

shape and skirts on

femoral heads can all affect hip range of motion (Fig. 3)'
The following stem design approach is recommended in

an attempt to aid in restoration of joint mechanics and to

allow the surgeon a final opportunity to correct for

malpostioning of implants due to technique, and /or bony

deformity.

R120™ Modular Indexable Neck Cemented Stem

The stem is designed to use standard conventional
cementing techniques. The shape of the stem is trapezoidal
and along with a proportionally designed collar provides for
optimal impaction and compression of bone cement. In
addition, a teardrop shaped recess on the anterior and

posterior portion of the implant increases the cement to
prosthesis interface therefore increasing resistances to axial
and torsional forces (Fig. 4)

The proximal stem
features a matte surface,
which enhances fixation of
the implant to the PMMA
cement, while the distal
portion is polished allowing
for ease of retrieval if
necessary.

An optional distal PMMA
stem centralizer is available
depending on each
individual’s philosophy.

Proximally, R120 stems
are designed in five (5) cross
sections with three (3)
interchangeable modular
neck lengths of 32mm,
35mm, and 38mm and two
angle variations of 8° and 12°, The proximal stem collar is
made with a cavity where a self-locking taper and a positive
indexing mechanism are

Figure 4

R120™ Stem Design @

Vs

employed to ensure the
proper head, length, version
and offsets are obtained.
(Fig.5)

This unique design
features twelve (12) self-
locking positions providing
several combinations of
neck length version and
offset for closer match to
restoring hip joint
mechanics.

This innovative approach

Figure 5

provides the surgeon with
the opportunity to intervene at the last possible surgical
moment and fine tune the hip joint mechanics without
disruption of the implant-cement-bone interface. In addition,
it should provide for increased opportunity to surgically
intervene for certain post-op complications, like component
malposition, leg length discrepancy, dislocations and
replacement of bearing surfaces, with minimal disruption of
bony interfaces.

These are just some examples of the flexibility of using
this unique Modular Indexable R120™ Neck System
(Fig. 6).

The references for the pro and con use of modular
couplings have been well documented and are too many to
list here. We suggest the basic decision-making be left to the
operating surgeon as to the advantages offered by
modularity. In addition, we suggest each modular site needs
to be evaluated on its own merits.
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Figure 6

107 Posterior Lip Liner 107 Posterior Lip Liner 10° Posterior Lip Linar —

R120 Stem w / 28mm 0 Head R120 Stem w / 28mm 0 Head R-120 Stem w / 28mm 0 Head
Shown with 10° lip liner Shown with 10° lip liner Shown with 10° lip liner
Indexable Neck position #0 Indexable Neck position #3 or #9 Indexable Neck Position #6
Neck Angle 127° Neck Angle 135° Neck Angle 142°

32mm 1.0. Neutral Liner 32mm 1.0 Neutral Liner 32mm 1.D. Neutral Liner

R120 Stem w/ 32mm 0 Head R120 stem w / 32mm 0 Head R120 Stem w / 32mm 0 Head
Shown with 0° lip liner Shown with 0° lip liner Shown with 0° lip liner
Indexable Neck Position #0 Indexable Neck Position #3 or #9 Indexable Neck Position #6
Neck Angle 127° Neck Angle 135° Neck Angle 142°
Modular necks have been used in titanium cementless References:
stems in Europe successfully for years (Fig. 7). Both 1. Noble, P.C., Scheller, A.D., Tullos, H.S.. Levy, R.N., and Turner, R.H..: “Applied
. 2iica . Design Criteria for Total Hip Prostheses,” The ART of TOTAL HIP ARTHROPLAST,
mechanical and clinical re.su]tg ha?vg (::Jemonstratcd the design Grune & Stratton, Inc., Chapter 5, 1987
approach to be safe and effective.”*" However, the authors 2. Denham, R.A.:"Hip Mechanics,” J. Bone Joint Surg., 418, 550, 1959.
here feel, for cemented application, cobalt chrome 8. Inman, V.T: "Functional Aspects of the Abductor Muscles of the Hip,” J. Bone
molybdenum alloy is preferable both for interfacing with ARSI 500 AT, .
vidn . . 4. Lavernia, C., Barrack, R., Thornberry, R., and Tozakoglou, E.: " The Effect of
cement and for prm’ldlng less risk of frcttlng and/or Component Position on Motion to Impingement and Dislocation in Total Hip
corrosion at the modular stem neck junction.'®"" The < Eer'a:e%e”‘-' SB"E“{‘)”'C E;h'h'ct e 199f~ T
P i ) . P, Morey, B.: * rative Corracti nUn i i "
availability of modular necks and heads allow for T Tl S g s P
unprecedented flexibility in 6. Chandler, D., Glousman, R., Hull, D., McGuire, P., San Kim, ., Clarke, 1.
x R Sarmiento, A.: “ Prosthetic Hip Range of Motion and Impingement, The Effects of
restoring hip joint Figure 7 Head and Neck Geometry,” CORR, No. 166, June 1982.

7. Viceconti, M., Baleani, M., Squarzoni, S., and Toni,.A.: "Fretting Wear in a
Modular Neck Prosthesis”. J Biomedical Material Research, Vol. 35, 207-216
1997
8. Viceconti, M., Ruggeri, 0., Toni, .A, and Giunti, A.: "Design-related Fretting Wear
in Modular Neck Hip Prosthesis” J Biomedical Material Research, Vol., 30, 181-
186, 1996
9. Aldinger, G., Schobel, F., and Marquardt, K., * Further Improvements and Results
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mechanics. /
Only long-term outcome /
data will clearly demonstrate
the viability of this modular
neck design, however, basic
mechanical principals and
attention to the design
features presented should
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New Approach for Preparation of Bony
Surfaces for Cemented Total Joint
Arthroplasty

By H.M. Reynolds, M.D., Richard “Dickey” Jones, M.D. and
Timothy McTighe

There is a strong movement back to using bone cement in
total joint arthroplasty as a primary fixation method.
However, it is important to recognize its inherent biological
mechanical limitations. Bone cement is a grouting agent and
does not possess adhesive properties. Successful fixation is
dependent upon the mechanical interface between cement,
bone and implant.

Poor cement coverage and inadequate intrusion into
trabecular bone are associated with stem loosening, while
deep and uniform penetration is important to the success of
THA.!

Clinical symptoms resulting from loose implants
continues to be a significant problem and expose the patient
to serious medical risks associated with revision surgery.

Current surgical technique for implantation of cemented
implants consists of shaping the bony cavity with hand and
power tools, followed by brushing and saline lavage.
Surgical sponges or tampons are inserted into the cavity to
dry the bone surface. The canal is then plugged and cement
injected under pressures to assure interdigitation of cement
into the prepared cancellous bony bed.

Cardiopulmonary disfunction has been reported as a risk
factor associated with the use of cemented arthroplasty. The
principle factor is attributed to particulate fat and marrow
emboli.”" Thorough cleaning of fat tissue and debris helps
reduce the incidences of emboli complications.

The carbojet device was created for the use of using
pressurized dry carbon dioxide gas to be used as a lavage to
the bony surface, to clean and dry the area prior to cement
implantation (Fig. 1).

Mechanical and clinical investigations of this device has
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proven this device to be safe and effective.

The carbojet device is used as the final step in bone
preparation, employed immediately prior to cement
introduction. The flow of gas aids in removing fat and debris
from the bone surface reducing interposed fluid between
cement and bone.

The carbojet device consists of a reusable hand piece and
a variety of nozzles, along with a pressure regulator needed
for use with standard CO; tanks (Fig. 2, 3). The sterile COy
tube set features
appropriate quick
disconnect fittings
and an in-line
microbial filter
L for filtration
v purposes.

v Invitro testing

r has been
' conducted on
human cadaver
bone to determine
impact force as
well as the
cleaning
effectiveness as
compared to
standard pulse

L saline lavage
u devices. Results

Figure 2

of the laboratory
testing
demonstrating a
significant
capability of cleaning and debris removal. In addition,
testing demonstrated that a moderate gas flow rate is
sufficient to
clean and dry
the bone. High
flow rates have
the potential for
damaging soft
tissue and
fragile bony
areas. The
flowing gas of
the Carbojet™ ,
however, can be
directed at the
skin without
discomfort or
damage to soft
tissue. An
operating
pressure of 50

Femaral canal preparation.

Figure 3

Total knee preparation.
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psi is recommended, the regulator delivery pressure is
limited to 65 psi as an absolute maximum. The resulting gas
flow rate is approximately 25 Ipm.

Clinical surgical evaluations demonstrated interoperative
monitoring to be uneventful. One year follow-up monitoring
was also uneventful. Throughout the clinical use no
complications have been encountered in using a Carbojet™
device.

Since 1993 and thousands of total joint surgeries surgical
in-vivo impressions are the Carbojet™ device demonstrated
improved or equivalent results as compared to pulsating
lavage and cleaning cancellous bone prior to cement
implantation.

Compressed CO; gas has been employed as an
insufflation medium in laparoscopic procedures for many
years and is readily available at all hospitals.

Long-term fixation of cemented implants relies upon basic
mechanical principles of inter-locking. Thorough
intraoperative cleaning of fat, tissue and debris will help
improve long-term fixation while reducing the risk of
emboli. Mechanical and clinical testing to date has
demonstrated that the use of dry carbon dioxide gas is a safe
and effective way of preparing the bone prior to cement
implantation and only additional clinical testing and long-
term follow-up will determine if this device can improve
long-term clinical outcome results.”
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In vivo preparation for a
Total Knee Cemented
Device demonstrating the
effectiveness of using CO;
to clean and remove fat
and debris, prior to
cementing.

Same area after additional CO, lavage (shows reduced interposed
fat and fluids).
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Commentary

By Timothy McTighe

The tragedy of September 11, 2001 brings our emotions right to the surface.

Watching the significant loss of life and the effect it is having on loved ones is

heartbreaking. Times of this nature make one reflect on the important

relationships in your life, current and past. It also places the importance of

relationships first and foremost in your mind.

Significant relationships have been brought back to mind and I feel compelled to

mention them here in an attempt to pay respect to all those that have suffered due

to the tragic events of this September and to challenge every one not to take for

granted the people that directly and indirectly effect their lives.

-

1940
1940s-50s
1852

1957

1970
1991

1995

Charles O. Bechtol, M.D.
August 23, 1911 - July 16, 1998

Most people in the industry who know me
understand the influence the Professor had on both
my professional and personal life. He was a very
special part of my life from 1974 till his passing in
1998. This is a time to reflect on his memory.

Charles and his lovely wife Louise shared many
times with my wife Cathy and I, all over the world.
We were honored to be part of the Memorial

A Lifetime Of Achievement

 Graduate of Stanford Medical School
* Pioneered the development of improved artificial limbs

 Presented the first lecture to the American Academy of Orthopedic Surgeons
relating engineering principles to orthopedic surgery

* Founding member of the F4 Committee (biomaterials) of the ASTM
 Professor and chairman of the Yale Medical School

* Department of Surgery (orthopedics)

« Established Yale Biomechanics Laboratory

* Joined UCLA Medical Schoal where he would serve as professor and
Chairman of the Department of Orthopedic Surgery

* Member and chairman of research committees for the American Academy of
Orthopedic Surgeons, the Orthopedic Research Society, the National Science
Foundation, the Los Angeles County and California Medical Associations, and
others

* Founded and chaired the joint Implant Surgery & Research Foundation.

* Received the Academy of Surgical Research’s Markowitz Award for a lifetime
of outstanding contributions to medicine through experimental surgery

= Remained an active consultant to the orthopedic industry
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Services for Charles, and he still remains close in our hearts.
His genius will continue to be felt in the countless

footsteps that might never have been taken or in the

natural act of holding a child or picking a flower. In these

simple ways the world will silently remember this

extraordinary healer.

Joseph R. Shurmur, M.D.
August 2, 1941 - July 16, 1996

[ started my career
in orthopaedics as a
Navy Corpsman
during the Vietnam
conflict and spent
fours years (69-73)
learning the basics of
fracture treatment,
surgery, traction,
casting and had some
interesting times with
the Marine Corps
specializing in field
medical treatment.

Joe was a Lt.
Commander in the
Naval Reserve who had been called up for his two-year
service commitment. He had just finished his orthopaedic
residency training and was coming on board as my
immediate commanding officer. I had the pleasure of serving
with and working for Joe for almost two years prior to my
being transferred to field duty with the Marine Corps.

Joe was not only instrumental in my professionally life but
his strength of character provided me with the subtle traits of
a role model for my personal life. I was honored to have
been one of Joe’s pallbearers and remain close to his family
today. The following prayer was Joe’s favorite and I believe
provides a significant message for today.

Life is to live and life is to give and talents
are to use for good if vou choose. Do not
pray for easy lives. Pray to be stronger. Do
not pray for tasks equal to your powers.
Pray for powers equal to your tasks - then
the doing of your work shall be no miracle
but you shall be a miracle. Every day you
shall wonder at yourself... at the richness
of life which as come to you by the grace of
God., But everyone needs someone -
knowing that somewhere someone is
thinking of you.

- Fr. Solanus Casey, Capuchin

I would like to end this commentary by quoting a
poem that illustrates what is becoming one of my most
cherished traditions. I say this in honor for all the
fathers that will not have a chance to create a special
tradition for their sons and daughters weddings.

As a father of six I have had the pleasure of sharing
the wedding day of two of our children. Our oldest son
Jason was married in 1997 to Michelle. Two and a half
vears ago they brought Cathy and I our first grandson,
Jack. This past June I had the pleasure of escorting my
youngest daughter Katie down the aisle to David.

My toast to both couples could be called a prayer, a
wish, a desire. I refer to it as;

A Fathers Thought

May there be light on every path you follow.
Wisdom to guide your every step.
Peace to confirm your every decision.

May you watch your thoughts; for they
become words.

Watch your words; they become actions.
Watch your actions; they become habits.

Watch your habits; they become your
character.

Watch your character; it becomes your
destiny.

And know I will always be there.
May God bless you

NEXT ISSUE

Featuring Cementless
Modular Stems
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Design Considerations for Cementless
Total Hip Arthroplasty

By: Timothy McTighe, Executive Director, JISRF
Terrigal, Australia, 11/99

Introduction

“Technique, technique, technique” is a quote from David Hungerford, M.D. Technique is more
important than design or material. In order for a surgical procedure to be considered a success,
it must provide reproducible, satisfactory clinical results, reproducibility being the key word.
The best implant put in poorly is not as good as the worst implant put in well.

There is no question that bone cement has made and continues to make a significant contribu-
tion to the success of total hip replacements. However, it is important to recognize its inherent
biological and mechanical limitations (low modulus, low fatigue strength, potential toxicity,
and propensity for late hematogenous infection). At this time, there continues to be a signifi-
cant controversy about cement versus cementless fixation.

Acetabular Consideration

The hip joint is not a perfect ball-and-socket joint; the femoral head is oval in shape and the
articular surface of the acetabulum is horseshoe shaped. The dome of the acetabulum, which
has been considered a weight-bearing area, is in fact flexible. The horns of the acetabulum can
thus close up and contact the femoral head when the joint is loaded [33,70]. The degree of this
movement is dependent upon age, load, and femoral anteversion. This mobility of the acetabu-
lar horns could explain biomechanically the development of aseptic loosening that occurs
around acetabular components.

The acetabulum is generally spherical in shape and its opening is oriented closer to 55° than
45°, downward in the coronal and sagittal plane, and anteverted approximately 15° to 20° in
the midsagittal plane.

Initial acetabular component stability is affected by the cup’s ability to engage with the host
bone. This is a function of cup design, size, and surgical technique. Cups of a true hemispheri-
cal design are more stable than low-profile designs [1]. Adjunct screw fixation can enhance
initial stability but may contribute to osteolysis in the long term. Care should be taken to not
penetrate intrapelvic structures by screws or drill bits. A study by Perona et al. demonstrated
that the ilium provides the least amount of intrinsic support to cup fixation, while the anterior
and posterior columns provide more stability [60]. Current technique attempts to press fit 1-2
mm of a hemispherical design and only use adjunct screw fixation when necessary. If a
modular design is used with dome screw fixation, the anterior superior quadrant of the acetabu-
lum should be avoided because it is the highest-risk area due to the medial intrapelvic vascular
structures [73,40]. When possible, peripheral screws should be used over dome screws due to
their greater ability to restrict micromotion of the anterior and posterior columns in addition to
being placed in a more appropriate safe zone away from intrapelvic vascular structures.

_______________________________________________________________________________________________________________________________|
Reference Book on Total Hip Modularity - JISRF.org 161



A. Acetabular Components

Cementless acetabular components are gaining
popularity in the United States and in the rest of the
world. These implants are indicated for both primary
and revision surgery. It appears the bony matrix of
the acetabulum is well suited for cementless fixation.
Cementless fixation is best accomplished in the
well-formed acetabulum where the shape is hemi-
spheric and the implant can be placed in close
apposition with the trabecular bone.

Line A

Threaded acetabular components, as compared to Antestor N 1) Postertor
. . . Superlor R Inferior

porous press-fit designs, have had the longer history

of cementless application in total hip arthroplasty.

The Europeans have pioneered and championed this

concept in both primary and revision surgery. Line B

Lord [46] and Mittelmeier [56,57,58] have both
reported comparable results, with approximately
90% good to excellent results for primaries and 75%
good to excellent results for revisions. Mittelmeier Acetabulum quadrants.

continues to use his ceramic threaded device today.

The success of the Europeans spurred enthusiasm in

usage in the United States and by 1986 threaded designs were being promoted by most implant
companies.

Bierbaum, Capello, Engh, Mallory, Miller, and Murray are a few of the pioneers of clinical
usage of threaded devices in the United States [51]. Each has encountered different degrees of
success with various designs.

The lack of a full understanding of the design features and the required surgical technique,
along with proper indications and contraindications, predisposed some of these devices to
failure. First and foremost in the successful implantation of a cementless device, and particu-
larly a threaded device, are exposure and surgical technique. Acetabular exposure must be
greater for these devices than for conventional cemented cups. Threaded components have a
major, or outside, diameter larger than that of the prepared dimensions of the acetabulum. It is
therefore necessary to directly face the acetabulum for insertion of these threaded devices.

There are four basic classifications of threaded cup designs. It is crucial to understand the
differences in these designs and most of all to understand the particular design chosen for
implantation. A complete understanding of the design will enable the surgeon to maximize
surgical techniques to achieve a good result.

B. Threaded Cups
Classification of Threaded Cups

This section discusses four classifications of threaded cups:
Truncated cone
Hemispherical ring
Hemispherical shell with conical threads
Hemispherical shell with spherical threads

C. Modular Acetabular Components

Two-piece, modular porous acetabular components have gained major market acceptance in
total hip arthroplasty. The main advantage over threaded devices is ease of insertion. Adjunct
fixation can be enhanced by bone screw fixation. Polyethylene liners come in a variety of head
diameters as well as offering different offset angles to enhance head coverage. However, as
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pointed out by Krushell et al., elevated polyethylene liners are not without problems [42].
Elevated rim liners increase range of motion in some directions and decrease range of motion
in other directions. They do not in any global sense provide greater range of motion than a
neutral liner. Therefore, routine use of an elevated rim liner is not recommended. If a cup is
malpositioned, a liner might offer some immediate implant stability; however, polyethylene is
not a good material for structural support, and cold flow, deformation, disassociation, and late
joint dislocation are real probabilities. It is preferable to reposition the metal cup rather than Notes
relying on polyethylene to function under high loads.

However, these modular designs are not without problems. Since their introduction, osteolysis
due to particulate debris has increased in cementless total hip arthroplasty.

The most common cause of proximal, femoral bone loss is due to osteolysis [52,9]. Although
the specific cause of lysis is not known, it has been attributed to a variety of factors such as
motion of the implant. Foreign-body reaction to particulate debris, in particular to polymeric
debris, probably plays the greatest role. It has been almost two decades since Willert et al. first
described the problem of polyethylene wear leading to periprosthetic inflammation, granu-
loma, bone resorption, and implant loosening [75]. Since then, many studies have documented
the finding of particulate bone cement and polyethylene in periprosthetic tissue [36,66].

Variations of polyethylene wear rates probably relate to acetabular implant design, femoral
head size, femoral head material, and at least in part to the quality of the polyethylene used
[442]. Wide variations are known to exist between batches of polyethylene and between
different polyethylene suppliers [76].

Metal particulate debris generated from the stem or cup in sufficient quantities could activate
macrophage-mediated osteolysis. More likely the cause is the migration of metallic debris into
the articulation, resulting in increased third-body wear of polyethylene. Additional poly debris
can be generated by poor modular designs, incomplete conformity of the liner within the metal
cup, thin polyethylene resulting in cold flow, and wear through and abrasion of screw heads
against the convex polyethylene surface.

Problems with excessive wear due to titanium bearing surfaces have been reported. In addition,
clinical evidence indicates higher volumetric wear with 32 mm heads.

Ideally, the bearing surface for most sliding, rotating, or articulating bearing surfaces will be
made from material having relatively high strength, high wear, and corrosion resistance; a high
resistance to creep; and low frictional movements. In reality no one material presently exhibits
all of these characteristics. Therefore, with present bearing systems compromises are typically
made between these various characteristics. There are, however, some immediate steps that can
be taken to reduce the generation of particulate debris.

1. Use ultra-high molecular weight polyethylene with high ratings in key mechanical and
physical properties.
2. Use non-modular, molded acetabular components.
3. Use modular components with:
* High conformity and support.
* Polished interface.
¢ Secure locking mechanism.
* Minimum polyethylene thickness 6-8 mm.
4. Use a 28 mm or smaller head diameter.
5. Do not use titanium alloy as a bearing surface.
6. Minimize modular sites on femoral side to reduce chances of third-particle wear debris.

Femoral Consideration

The femoral head is slightly larger than one half of a sphere, and the shape is more oval than
spherical. The stresses on the femoral head usually act on the anterior superior quadrant, and
surface motion can be considered as sliding on the acetabulum. Two important angles need to
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be considered: the neck shaft angle and the angle of anteversion. In addition to these two
angles, the joint reaction force is affected by femoral head offset [28,65,37]. It is also impor-
tant to remember that while static force is considerably greater than body weight, even greater
force is generated posteriorly in dynamic situations such as acceleration and deceleration:
manifest in negotiating stairs or inclines, in changing from a sitting to a standing position or
vice versa, and in other routine activities of daily living that load the hip in flexion.

The biological response of bone to stress greatly affects the outcome of cementless total hip
arthroplasty. The adaptive bone remodeling process, “Wolff’s law”, must be taken into consid-
eration in deciding on material, geometry, and size selection for cementless femoral compo-
nents. Many clinical and radiological studies have demonstrated the sensitivity of this adaptive
remodeling process [31].

Cancellous bone is a poor material for structural support of a prosthesis. Cancellous bone is a
biological engineered material, and its strength depends on its having the entire bulk of the
structure intact. The creation of an interface with areas of cancellous bone disproportionately
weakens the structure. In addition, interfacing an implant with cancellous bone merely serves
to increase the stress at the interface to a level that causes fatigue failure of the bone [62].

Through proper design and surgical technique, one can achieve significant enhancement of the
mechanical properties of the procedure consistent with basic biomechanical principles. It is
recommended that most, if not all, of the cancellous bone be removed. Structuring the surface
of an implant will minimize the surface shear stresses. In addition, structuring will transfer
hoop stresses into compression stresses within the femur. For an uncemented femoral compo-
nent to be successful it is universally agreed that initial stability is essential. In addition, there
must be a mechanism to ensure longterm bony fixation.

Replacement of the normal position of the femoral head is essential for correc-
tion of mechanical balance between abductor forces. This is addressed by
vertical height, version angle, and medial offset of the head
relative to the axis of the stem. If vertical height is
too short, joint stability is a problem. If
too long, patient complaints result and
nerve palsy is possible. Incorrect version
angle can result in reduced range of
motion and possible hip dislocations.
Medial offset that is too short will cause
shortening of the abductor moments, and
there will be greater resultant force across
the hip joint. If offset is too great, in-
creased torsional forces will be placed on
the femoral implant. For a femoral
component to be successful it must have
initial torsional stability with or without
cement.

32mmhead

22 mm head

Normally the femur is loaded from the
outside cortex, and stresses are transferred
internally. However, in a stemmed )
reconstruction the biomechanical loading Range of motion.

has been changed to an internal loading

mechanism. Intramedullary stems place an

unnatural hoop stress on the bone. This hoop stress must be transferred into compressive loads
to the proximal femur. One way to help accomplish this is to design proximal steps into the
femoral component. Early endoprosthetic stems were developed by Bechtol in 1954, the
“Stepped Prosthesis™”, and a later one by Townley also featured this stepped-design concept.
However, the idea was not revisited until Pughs’ work in 1981 led to the OmniFit™ design and
his additional work that led to the 1984 S-ROM proximal sleeve design [62,63].
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A. Femoral Components

The objective for cementless total hip stems of long-term pain-free stability is dependent on
both primary and secondary fixation of the implant to the bone. An effective cementless stem
should resist subsidence, tilting and torsional forces.

Primary mechanical stability is, therefore, a prerequisite for long-term success. Torsional
fixation of the femoral component is considered the most important criteria for long-term
success [48]. It is only logical that design features that improve fixation are likely to improve
clinical results.

Although there may be advantages in bone remodeling by initial stability by proximal fixation,
irregularity in shape and structure of the bone in the metaphyseal area can compromise
stability. It has been previously reported that a constant proportional relationship is not present
between the shape and size of the metaphysis and diaphysis. In addition the revision situation
results in alterations in the normal bony architecture, making fit and fill more difficult to
achieve [47,67]. Distal stem stability enhances overall initial stability of the implant in both
primary and revision total hip arthroplasty.

With cavitary and segmental bone damage it is difficult to achieve stability of the implant. In
this situation some authors have previously recommended distal fixation. It is our opinion that
distal stability is preferable over distal fixation. This can be achieved by fluting the distal end
of the stem. Whiteside [48] and Koeneman [45] have shown that fluting offers more initial
stability in torsion as compared to a fully porous coated stem.

It is generally agreed that the better the fit and fill ratio of the femoral component, the better
the initial stability and potential for long-term fixation. Over the past 10 years fit and fill has
taken several approaches: (1) a large quantity of sizes (unibody); (2) modularity; and (3)
custom (intraoperative or preoperative).

B. Unibody Stems

Due to concerns that modular sites generate particulate debris along with social economical

pressures, there is a strong movement back to one-piece stem designs, especially for routine
primary hip reconstruction. The challenge for unibody designs as with all designs is to opti-

mize fit and fill, to ensure optimal loading of stress to the proximal femur, to avoid the prob-
lems of torsional and axial instability while providing for reproducible surgical technique.

Currently there is considerable controversy as to straight vs. anatomical and collar vs. collar-
less stem designs. In an attempt to appeal to both mentalities, newer geometric designs are
emerging. These designs feature straight stems with anterior flares and anteverted necks.

C. Modular Stems

The concept of modularity is to provide for intraoperative customizing of fit and fill with each
individual femur. There are a variety of modular designs available, from modular necks,
proximal and distal sleeves, and mid-stem tapers. Each design has specific features and
benefits and requires complete knowledge of each individual design and surgical technique.

While modular designs represent an advance in the ability to precisely fit the implant to the
bone, the mechanical integrity of the assembled component must be fully tested prior to
clinical usage. Machining methods, tolerances, surface characteristics, materials, electrochemi-
cal environment and mechanical environment are all critical factors that need careful consider-
ation in evaluating the long-term performance of modular interfaces [69].

D. Custom Stems

Customs offer great versatility; however, intraoperative customs reduce surface treatments such
as hydroxyapatite (HA) or porous surfaces. In addition, there is the concern of increased
operating room time and the difficulty in achieving reproducible, clinical and surgical results
[30]. As for preoperative customs, again, in routine cases there are no outcome data to support
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this approach over standard off-the-shelf designs, which generally speaking are less costly. It
will take another 10 years of clinical comparison to judge whether customs have an advantage
over standard off-the- shelf cementless devices. This is one problem in total joint surgery that
does not seem to exist in other medical disciplines. In the meantime, it follows that advances
must be made based mainly on theoretical grounds, good solid, basic science, and animal
experimentation rather than on short-term clinical evaluations by the implant-developing
surgeon in a small number of patients.

Obviously there is a need for all three types of implant modalities: unibody, modular, and
customs (although these are not necessary with adequate modularity).

However, the surgeon must be aware of all the design features and pick and choose the
appropriate design indicated for individual patients. No one design is going to fill all the needs
that are found in total hip replacement surgery today. The future challenge will be to address
growing indications in a restricted health care financial market.

Recommended Design Concept
A. Unibody Stem

This stem is a geometric design that features a proximal anterior flare that
works in tandem with a 30° proximal conical flare collar. These

two specific features aid in axial and torsional stability while

providing increased surface geometry, resulting in increased

compressive stress to the proximal femur. The neck shaft angle is

135° with 10° of antevision. Lateral displacement of the femoral

head is 40 mm.

Unibod
The proximal conical collar allows for settling of the implant S;Zno Y

resulting in increased surface contact throughout the entire proximal
stem geometry. In addition, the conical shape acts as a step in
transferring hoop stress into compressive loads.

While providing improved fit and fill, the proximal conical shape
provides a seal occluding wear debris from entering the femoral canal.

B. Bibody Modular Stem

This stem’s design incorporates a proximal, modular body that
allows for correction of version, offset, and vertical height
without disruption of the stem body. The two modular parts
feature a double locking mechanism. The first is a trunion that
engages in the stem body by means of ratchet teeth. The
specific design of these ratchet teeth allow for version adjust-
ment in increments of 10°. The second locking feature is a set
screw, which protects from disassembly.

== Tl 520

The unique features of this design traps any debris that might
be generated by the modularity and restricts this debris from
interfacing with the host bone. In addition, once the bone has
grown into the proximal porous area, polyethylene debris
generated from normal wear is restricted from the distal stem
area. Proximal bodies of different offsets, and vertical heights
will allow for fine tuning hip joint biomechanics without
removal of the stem. Bibody Modular
Stem

Stem Design Features

A. Material
This stem will utilize high-strength titanium alloy. Manufacture will utilize forgings.
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B. Taper Head Neck

The neck will accept a chrome-cobalt or ceramic articulation. The neck diameter has been
designed to maximize range of motion as compared to other designs.

C. Offset

In order to improve biomechanical function, the proximal design features
interchangeable modular necks. This feature allows for intraoperative
adjustment of offset, leg length and ver- sion angle. This design could have
a significant impact on reducing postoperative dislocations.

D. Surface Preparation

The stem is proximally porous coated utilizing a single, beaded porous
coating of commercially pure titanium. This is sintered over a
macrotextured design of horizontal steps, which helps to protect the beaded
interface from shear forces and also helps in transferring hoop stresses to
compression forces. An additional option is a coating of HA which is
plasma sprayed over the single, beaded porous surface. This single, beaded
porous surface protects the HA in shear while also providing a backup for bony remodeling in
case the HA is biochemically mobilized. Also, the nonporous surface has been treated with a
proprietary microclean process that leaves a clean yet microrough surface [55].

E. Distal Bending Stiffness

The distal one third of the stem has been slotted in both the coronal and sagittal planes. These
slots serve to reduce distal stem stiffness, allowing the stem to flex with the femur during
normal daily activity. This feature has historically demonstrated reduced thigh pain [13]. In
addition, it helps to reduce chances of intraoperative femoral fractures during stem insertion.

F. Distal Stability

To increase stem rotational stability, distal flutes have been incorporated into the stem design.
Rotational stability remains the primary concern of any femoral component.

G. Stem Tip

Bulleted geometry helps reduce distal point loading
while creating a smooth transition zone for load —

transfer.

Summary

In view of the hundreds of thousands of total hip surgeries that have been performed since the
surgery was introduced by Sir John Charnley over two decades ago, the small number of
reported failures are not wholly unexpected. There is currently a great deal of debate over
cement versus cementless indications. Initial concerns about wear rates of polyethylene have
risen again due to the increased incidence of osteolysis induced by particulate debris.

Current methods of achieving implant fixation vary in concepts and

techniques. Each method presents problems which must be addressed if cementless fixation is
to survive long term. The justification for the continued use of cementless implants should be
based on well-developed clinical and radiographic evidence.

Everything possible should be done to reduce the generation of particulate debris. Continued
research in surgical methodology, materials, and component design of total hip replacement
can help to increase the longevity of implants and increase indications to a broader range of
patients.
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Design Considerations for
Cementless Total Hip Arthroplasty

Timothy McTighe
Joint Implant Surgery and Research Foundation, Chagrin Falls, Ohio

Lorence W. Trick
University of Texas Health Science Center, San Antonio, Texas

James B. Koeneman
Orthologic, Phoenix, Arizona

I. INTRODUCTION

“Technique, technique, technique” is a quote from David Hungerford, M.D. Technique is
more important than design or material. In order for a surgical procedure to be consid-
ered a success, it must provide reproducible, satisfactory clinical results, reproducibility
being the key word. The best implant put in poorly is not as good as the worst implant put
in well.

Many varieties of designs for cementless total hip replacement are currently avail-
able and provide good to excellent results in the bands of their developers (Fig. 1). How-
ever, the challenge comes when these individual designs and techniques expand into the
general marketplace. Too often general orthopedists do not appreciate the required tech-
nique for a given design. In addition, they often have less experience, and tend to overex-
tend indications. Certainly clinical results have been less satisfactory in the young, active
patient population [16,15,29].

There is no question that bone cement has made and continues to make a significant
contribution to the success of total hip replacements. However, it is important to recog-
nize its inherent biological and mechanical limitations (low modulus, low fatigue strength,
potential toxicity, and propensity for late hematogenous infection). At this time, there
continues to be a significant controversy about cement versus cementless fixation. This
chapter reviews only cementless considerations.

This review covers anatomy, materials, testing, history, surgical technique, and a
look into the immediate future for cementless total hip implants. It is our hope that this
text will offer guidelines to students, residents, implant developers, and surgeons, as well
as the orthopedic hip specialist.
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Figure 1 Varieties of cementl~ss stems.

II. ACETABULAR CONSIDERATION

The hip joint is not a perfect ball-and-socket joint; the femoral head is oval in shape and
the articular surface of the acetabulum is horseshoe shaped. The dome of the acetabulurn,
which has been considered a weight-bearing area, is in fact flexible (Fig. 2). The horns of
the acetabulum can thus close up and contact the femoral head when the joint is loaded

Figure 2 Radiolucent triarigle.
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Figure 3 Principal weight bearing meas of the acetabulum.

[33,70]. The degree of this movement is dependent upon age, load, and femoral antever-
sion. This mobility of the acetabular horns could explain biomechanically the develop-
ment of aseptic loosening that occurs around acetabular components.

Pauwels describes a radiolucent triangular space above the dome of the acembulum.
[591 (Fig. 3). The shape of this triangle is subject to modifications that are dependent
upon femoral loading orientation. In advanced osteoarthritis of the hip the surface area of
this triangle decreases and vanishes. It is interesting to note that with age, the hip be-
comes more congruent and the radiolucent triangle disappears while a trabecular pattern
becomes apparent.

Apart from the initial stability at the acetabular implant bone interface, some time
after initial implantation is needed for the acembular horns to become mobile again. This
corresponds to radiographic evidence of radiolueent lines in zones I and 3 [8,271 (Fig.
4). In fact, clinical analysis of cemented devices demonstrates considerable progression
of acetabular component loosening beyond the 12th year and even earlier in young, ac-
tive patients F.1 2,17,15,20,26]. This mobility mightfurther explain finding little or no
bone ingrowth on retrieved cementless implants [19,61,21,22,23]. Mobility of the
acembular homs must be considered in design parameters if long-term fixation is to be

Figure 4 Compressive and tensile forces acting on acetabular
components.
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Figure 5 Orientation of acetabulum.

achieved. Fixation is enhanced if the prosthesis is set in a position of less than 45' abduc-
tion to promote compression and eliminate tension at the inte