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The new EPM MUELLER® modular Hollow Rasp

e Reduction of possible complications and a minitniraof the FES-risk through lower developed pressaside

the cavity during raspin o
e Exact fit of the implants, higher precision

e Depending on the rasp-philosophy of the userghérior lower permeability of liquids and solid
materials into the inside of the rasp cambhieved. A change in the cutting geometry meslifine cortical
cutting or the spongiest compacting prapsmf the rasp without increasing the developedsure.

e After rasping, bone grafting material can be gasiirned from the inside of the modular rasp, édwa.

e Easy cleaning because of the modularity

e Through the rasp shaft, the rasp can be conné&ztbeé slide hammer, pneumatic device or used wiilya hammer

EPM MUELLER® modular Hollow rasp with shaft and slide hammethveidaptor for
pneumatic device
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New Hollow Rasp System
BONE MARROW RASP: EP 0 745 352 A2, US 5,681,315
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1. Management of Innovation

The research and the preparation for the patgaiication began in August 1993 on the initiativettodé doctors' team of the
prosthetic department at the Garmisch-Parten-Kirdi@spital. Since then, a complete modular systeimstruments in the
field of hip prosthetics has been developed thptasected by several patents .

The promotion the project received from the Ministry of Trade and Commerce has also contributed to
completing the first stage in the development of the hollow rasp system in September 1997.

At present, our hollow rasp system is the only patent in the field of endoprosthetics with a rasp design
that has been put into practice and that was declared "clinical mature for testing" by the users.

2. Thedevelopment of Hollow Rasp

2.1Medical and Scientific Aspects

Implantation technology currently uses full metsps for the preparation of the bone marrow areafar the preparation of
the marrow area before inserting the endoprosth@sie disadvantage of the existing rasp methodharenormous forces,
which may lead to an inaccurate bone treatmentemeth to bone fractures, because the full raspivemrinto the bone
cavity like a wedge. Another shortcoming of thisthog is seen in the pressure increase in the b@aneom area that occurs
while driving in the rasp. The severe consequenté#sis have been proved. Intra-osseous pressunsgdMD-points) may
occur while driving in the conventional rasp, thedd to the so called "Fat embolic syndrome" (FB3) complications
may be fatal as has been repeatedly profizer. Orthopade, volume 24, book 2, April 1995)
As these operations are optional interventions,farther complication must be seen as an additiaakl The conventional
rasps also require a considerable physical inpuh fthe operator, which may have a negative impacthe efficiency,
accuracy and security, when several prosthesestbdeimplanted in one day.

-2-
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Conventional rasp technology is "high impact swevhich does not come up to the high technicahdsad in the other
fields of endoprosthetics.

"Experts in the subject have hardly been able tdemstand for a long time that the highly developsthnologies used for
the production of prostheses are confronted withlamtation techniques that seem to come from theesage. Thus, even
today in most of the cases the preparation of taeraw area is still done by forming rasps that ah@ven into the sawn-off
shaft of the thigh with the help of a heavy hammigrart from the feeling of the operator, this isndoin a relatively
uncontrolled manner, which may, in some, fortunatetly rare cases, lead to the fracture of the hhghaft. As far as
driving in the forming rasps is concerned, or spegkmore generally, as far as the modeling of thesthesis bearing is
concerned, an innovation seems to be long overdue .

(Extract from: Expert opinion No. 973 by Dr. medpDIng. H. Heindl, dated April 7,1997 - commise&d by the Bavarian
Ministry of Trade, Commerce and Technology)

Against this background, the novelty of the system lies in the practical use of the hollow rasp on the
one hand and thus in the avoidance of such problems as the ones mentioned above. On the other
hand, a complete system has been extended in such a way that a newly developed pneumatic rasp may
now be used. Such meaningful combination has not been known before. It corresponds to the modern

idea of: ~Low impact surgery”.

2.2. Product Description

ollow Rasp System

Fig.4 Hollow rasp - geometry according to the BEO protitheystem by Sulzer

The new hollow rasp can be applied with different types of the cutting geometry both in the cemented
and the cement-free hip prosthetics.

The new hollow marrow area rasp makes it possible to reduce the radial and axial bone tension
because of its new cutting properties and thus allows to implant endoprosthetic shafts more smoothly.

Figure 5 show the so-called "cycle pump effect" as a comparison between the full and the hollow rasp,
resulting in an adverse intramedullar increase of the pressure.

The volume reduction that occurs when insertingfeiieasp into the femur (thigh bone) generates an
increase of pressure inside the bone. This carapydn in the case of a hollow rasp (Fig. 5) asetier
atmospheric pressure inside the bone at any time.

J |

Fig.5
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2.3. The Advantages of the Raspsystem
. In its advance direction, the surface of the raspgen at about 75 % as a result of its specijicall
defined cutting geometry and its thin wall thickseso that the material can be entered. This resdiheeamount of displaced

bone marrow considerably.

. While the rasp has the same surface, the voluntieeofnaterial is reduced by 50-70% in comparison
with conventional full rasps, which improves thetiing essentially.

Vorshubichung
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Ansicht von Raspelspize  Schnitt durch Raspel
Abb.7

Fig.6 Fig.7 Fig.8

. Because of a special design of the opening georirethe rasp, it is mainly liquids which are contid into the inside
of the rasp so that the desired compression effdtie spongiosa itself is retained.

. The rasps can be produced in any shape, i.e. befisrfor all kinds of straight-shaft prostheses and
rasps for anatomically formed implants. Furthermditferent types of the cutting geometry may beated exclusively in
the proximal and in distal part of the rasp. Thedtend tenacious alloy ensures that the raspseaisdd several times.

. Liquid suction devices can be integrated.

»  Cleaning/maintenance: by ultra-sound and steanspregleaning
devices.

3. Scientific Comparison

EFFECT ON INTRAMEDULLAR FEMORAL PRESSURE BY A NEW®LLOW RASP SYSTEM VS. STANDARD
RASPS

Burgkart RH*, Glisson R**, Vail T**, Gradinger R*

* Clinic of Orthopaedics and Sport-Orthopaedics, Technische Universitit Miinchen, Ismaningerstr. 22,
81675 Minchen, Germany

** Division of Orthopaedic Surgery, Duke Universityedical Center, Durham, NC, USA

I ntroduction:

Fat embolic syndrome is a well known life threatgniisk in total hip arthroplasty. One of the mastportant pathogenetic
factors for the bone marrow intravasation are amnipulations, which lead to increased intramedytlessure. So fat
embolic phenomena documented by transoesophagkatadiography occur - beside stem insertion - algong the
preparation of the proximal femur with awls andpsgHofmann 1999, Schmidt 2000). Therefore the cgon of
intramedullar pressure for this preparation stegmigssential aim to minimize the fat embolic risks

The objective of the present study was to evaltlaeeffect of a new developed hollow rasp systenthenintramedullar
femoral pressure in comparison to the conventicag system with the identical geometry.

Materialsand Methods;

12 fresh frozen human femora ( 6 pairs) with a maga of 55.8 years (23-69 yrs) were used for sigly. The
macroscopic and radiographic examination reveategathologic changes. Using an oscillating sawptteimal osteotomy
was performed. For an identical starting positibthe rasps a central 9 mm hole was drilled inaddecellous bone along the
axis of the proximal femur with a depth of 40 mnecArding to the x-rays the final rasp size anddluistal tip position was
determined. 1 cm and 11 cm below this assesstal tifsposition two 5 mm holes where drilled thgbuthe anterior cortex
of the femora -5
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Two pressure transducers were threaded througpréurilled holes to reach into the medullary cgmalximally (P1) and
distally (P2) (Fig.9). A special testing device wamstructed to hold the femur and the rasp inaadstrdized position
(Fig.10).

With a precision gliding mechanism a modified mia(l&.2 kg, similar to mallet weights used in suggehit the rasp always

from an equidistant altitude in respect to the alctasp position (acceleration distance 1.05 mguarantee identical impact
forces (Fig.11).

Before testing low viscosity mineral oil , similar the properties of the fatty liquid phase of lmme marrow (e.g. released
after drilling the cortical holes), was filled ihe femoral cavity since all air was removed. Aftalibration of the pressure
transducers the insertion of the smallest raspestamd the data were continuos digital documeint&® s intervals. Before

the insertion of the next rasp size always a rbraiion was performed.

For statistical analysis of the paired data thec@%bn Signed Rank Test was applied.

Results:

From each rasping procedure of a single rasp Bzenaximum intramedullar pressure was determined.

In the six femora prepared with the standard rédspsnaximum pressure values ranged for the proxiocaltion (P1) from

11.3 to 1035.3 mmHg with a mean of 208.6 mmHg (SR56.6). At the distal measurement point (P2) thkies were
significantly smaller (p<0.005) compared to proximavith a range from 4.5 to 527.4 mmHg and a me&i11.0 mmHg

(SD +111.0).

In the six opposite femora prepared with a newetigped hollow rasp system the maximum intrameduyliassures for P1
ranged from 3.0 to 152.3 mmHg with a mean of 40tbHg (SD_+33.8). For the hollow rasps no statistical differe was

found for the proximal values compared to the distees, for which a range of 4.5 to 45.0 mmHg wédtimean of 29.3
mmHg (SD_+13.5) was found.

Table 1: Comparison of intramedullar pressures causeth@gtandard solid rasps vs. the new developedwollsp system
of identical geometry. The intramedullar pressur@ssed by the standard rasps are significantlyehigh. the hollow rasp
system.

p < 0.0001; **p < 0.005; n.s. = not signifitan
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Table 1

The comparison of the pressure data between the standard rasp vs. the hollow rasp group
demonstrated a high statistical difference. So proximally as well as distally the intramedullar pressures
in the femora prepared by the standard solid rasps were significantly higher than in the hollow rasp
group (p<0.0001 proximal and distal) (Tab. 1, Fig.12).

Discussion:

We constructed a special testing device to hold the femur and the rasp in a standardized position and
with a precision gliding mechanism a modified mallet hit the rasp always from an equidistant altitude
in respect to the actual rasp position to guarantee identical impact forces. With high sensitive
transducers the intramedullar pressure was measured 1 and 11 cm below the final position of the

distal tip of the rasp. Under these standardized conditions 12 paired femora were analyzed.
The data of this study demonstrate that the usentlatd solid rasps caused around the distal tipeofasp mean
intramedullar pressures of 209 mmHg with a maxinmirh035 mmHg. These values are obvious above tiisighgical
systolic pressure of a human being. And even thaldineasurements with a mean of 111 mmHg are htgha the normal
diastolic blood pressure. This data suggest a pigéntial risk for bone marrow intravasation andsacutive embolic
phenomena.

Fig.13 Fig.14 Fig.15

In contrast the new developed hollow rasp systeidesftical geometry caused proximally as well asadliiy highly significant

lower intramedullar pressures than the standaid smps. The mean values in both measured losaimmsmaller than 45

mmHg with only a single value above 90 mmHg. Themscopic evaluation of the rasps, removed aferalsping procedure,

already indicate one of the most important factorghe pressure differences. Whereas the "teettfi@solid rasps were

almost completely filled with compacted bony delfFgy.13+14) the hollow rasps always had remaimipgn areas to the

hollow center of the tool (Fig.15).

Fig.16 (Fig.16, at the left the smallest rasp, Fig.17).

Therefore — especially in the smallest rasp s a lot of bone marrow debris was found in"ttere” of the hollow rasps

The present study proves the significant effedifférent rasp designs on the intramedullar fempraksure. On the other hand
in vivo studies demonstrated that the rise of tiemmedullar pressure in the femur is the most namd pathogenetic factor of

pulmonary embolism during total hip arthroplastittP1998).

Therefore a rasp design as the new developed haodsp system with a significant reduction of intehallar pressure is of

very high clinical relevance -7-
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So in addition to other important rules as carpfeparation techniques (Hofmann 1999, Wenda 1%f8)ested hollow rasp
design can get a simple, but important tool to mire the risk of bone marrow intravasation andulssequently prevent fat
embolism with cardiorespiratory deterioration.

References:

Hofmann S et al (1999) Clin Orthop 360:136-46

Pitto RP et al (1998) Clin Orthop 355:23-34

Schmidt J et al (2000) Arch Orthop Trauma Surg 1Q0:2
Wenda K et al (1993) Arch Orthop Trauma Surg 11Q2:86

4. Application

Competitive advantages of the hollow rasp system for
Producers of implants and distributorsas compared to other products:

» Free design of the rasp surface, which makes licgipe for cemented and cement-free implants

» Depending on the rasp-philosophy of the user, herigr lower permeability of ligjds and solid materials into the i
of the rasp can be achieved. A change in the gugg@ometry modifies the cutting or the compactirapprties of the rasp.

» Retains the tried and tested implant system
» Increases the profit by using cost-effective insteats
» Significant competitive edge because of the unigasn

» Increases the market share in the implant segment through new arguments for buying
Quick and flexible adjustment of the rasp to thelant

Physicians:

» Better and easier handling

» Less physical input for the operator

e Areduced risk potential for fractures

» An exact fit of the implants, higher precision

» Areduction of possible complications and a minitian of the FES-risk
» No costly adaptation of the operational technology

Hospitals:

» Economic efficiency for hospitals:
» Avoids costly complications

* Reduces the cost-intensive time for operations

* Low investment costs

Patients:

» Alow traumatizing effect

» Shorter stay in the hospital

» General minimization of the risk which comes alavith a hip operation, in particular with an FES elhimight be fatal
» Makes a decision for a hip prosthesis easier

_ _ Low - Impact — Rasping
High - Impact - Rasping

| Fig.18 Fig.19
» yesterday today tomorrow
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