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A surgical instrument comprising inner and outer tubular members has a coating of tin-nickel alloy on the outer surface of the
iInner tubular member and/or the inner surface of the outer tubular member to provide an elongate bearing surface between the
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ABSTRACT

A surgical instrument comprising inner and outer
tubular members has a coating of tin-nickel alloy on
the outer surface of the inner tubular member and/or
the inner surface of the outer tubular member to
provide an elongate bearing surface between the tubular

members.
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SURGICAL CUTTING INSTRUMENT

The present invention relates to surgical cutting
instruments and, more particularly, to surgical cutting
instruments having elongate, inner and outer tubular
members with distal ends cooperating to cut or resect

bodily tissue, the cut tissue being aspirated through
the 1nner member.

The use of elongate surgical cutting instruments
has become well accepted in performing closed surgery,
such as endoscopic surgery, eg. arthroscopic surgery.
Surgical cutting instruments for use in closed surgery -
conventionally have an elongate outer tubular member
terminating at a distal end having an opening in the
side wall and/or an end wall to form a cutting port or
window and an elongate inner tubular member coaxially
disposed in the outer tubular member and having a
distal end disposed adjacent the opening in the distal
end of the outer tubular member. The distal end of the
inner tubular member has a surface or edge for engaging
tissue via the opening in the distal end of the outer
tubular member and in many cases cooperates with the
opening to shear or cut tissue. The inner tubular
member 1s rotatably driven at its proximal end,
normally via a handpiece having a small electric motor
therein controlled by finger-actuated switches on the
handpiece, a foot switch or switches on a console
supply power to the handpiece.

The distal end of the inner tubular member can

have various configurations dependent upon the surgical
procedure to be performed, and the opening in the
distal end of the outer tubular member has a
configuration to cooperate with the particular
configurations of the distal end of the inner tubular
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member. For example, the inner and outer tubular
members can be configured to produce whisker cutting,
synovial resection, arthroplasty burring or abrading,
side cutting, meniscus cutting, trimming, full radius
resection, end cutting and the like, and the various
configurations are referred to herein generically as
"cutting blades or edges". Cut tissue is aspirated
through the lumen of the inner tubular member to be
collected via a tube communicating with the handpiece.

Surgical instruments of this type are
commercially available wherein the outer diameter of
the inner tubular member is substantially the same as
the inner diameter of the outer tubular member, the
inner and outer members being formed from
electropolished stainless steel. Smith & Nephew
Dyonics Inc sells surgical cutting instruments having
inner and outer electropolished stainless steel tubular
members, wherein the outer surface of the
electropolished stainless steel inner tubular member is
coated with a thin layer of electroplated silver to
maximise performance at high speeds.

It has now been found that a coating of
electroplated tin-nickel alloy on the outer surface of
the inner tubular member and/or the inner surface of
the outer member of the surgical cutting instrument
markedly improves its performance at high speeds. The
present invention thus provides a surgical cutting
instrument comprising an elongate outer tubular member
having outer and inner surfaces, a proximal end, a
distal end and an opening disposed at the distal end;
an elongate inner tubular member having outer and inner
surfaces, a proximal end, a distal end and a cutting
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member disposed at the distal end, the inner tubular
member being movably received in the outer tubular
member to position the proximal and distal ends of the
inner tubular member adjacent the proximal and distal
ends of the outer tubular member, the distal end of the
inner tubular member being adjacent the distal end of
the outer tubular member and the cutting member being
adjacent to the opening to permit the cutting member to
engage body tissue through the opening; and a coating
of tin-nickel alloy electroplated on at least a portion
of the outer surface of the inner tubular member and/or
the inner surface of the outer tubular member, the
tin-nickel alloy coating being operable to provide an
elongate bearing surface between the tubular members of
the surgical cutting instrument.

The present invention has numerous advantages.
Thus, the use of the tin-nickel alloy coating improves
performance of the surgical cutting instrument at high
speeds. The tin-nickel alloy may comprise from about
60 to about 70% tin and from about 40 to 30% nickel.
Moreover, the tin-nickel alloy coating can be deposited
by conventional electroplating techniques in an
economical manner:. Further, the tin-nickel alloy
coating can be sterilised by conventional processing.
Of course, the tin-nickel alloy coating is
non-cytotoxic, thus permitting its use of surgical
cutting instruments. Preferably, the coating of
tin-nickel alloy is electroplated on the outer surface
of the inner tubular member.

The present invention is illustrated in terms of
its preferred embodiments in the accompanying drawing,
in which:
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Figure 1 is a side elevation of a surgical
cutting instrument according to the present invention.
Figure 2 is a side elevation of an inner tubular
member of the surgical cutting instrument of Figqure 1;
5 Figure 3 is a detail view in section, in enlarged
scale, taken along lines 3-~3 of Figure 2; and
Figure 4 is a detail view, similar to Figure 3,

of another embodiment of the present invention.

10 Referring to Figure 1, a surgical cutting
instrument 10 according to the present invention
includes an elongate tubular outer member 12 made of
electropolished stainless steel and having a proximal
end 14 fixed to a plastic hub 16 and a distal end 18
15 having an opening 20 therein forming a cutting port of
window. An elongate tubular inner member 22 (Figure 2)
made of electropolished stainless steel is rotatably
received in outer tubular member 12 and, as shown in
Figure 2, has a proximal end 24 fixed to a plastic hub
20 26 having a configuration to be received in a recess
(not shown) in hub 16 and a distal end 28 having a
cutting edge 30 formed thereon and positioned adjacent
opening 20 such that the cutting 30 edge can engage
bodlily tissue. The hub 26 has a central portion 32
25 with a transversely extending passage 34 therethrough,
the inner tubular member 22 extending through an axial
bore in hub 26 to communicate with passage 34. A
driven tang 36 within portion 38 is adapted to be
driven by a rotating slotted drive shaft of an electric
30 motor in a handplece, as is conventional.

The opening 20 in the distal end of the outer
tubular member 12 extends through the side and end

walls to produce an edge cooperating with the cutting
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edge 30 formed on the distal end 28 of the inner
tubular member 22 to form a full radius cutter. The
opening 20 can have any desired configuration to
cooperate with the configuration of the cutting edge or
edges on the distal end of the inner tubular member, as
is known, so as to form trimmers, meniscus cutters, end
cutters, side cutters, full radius cutters, synovial
resectors, whiskers, open end cutters, arthroplasty
burrs, slotted whiskers, tapered burrs, oval burrs,
punch forceps and the like. The surgical cutting
instrument of the present invention can have any
deslirable hub configuration to be utilised with any
drive system or handpiece capable of rotating or
reciprocating an elongate inner tubular member within
an elongate outer tubular member to cut or otherwise
engage body tissue at the distal end and aspirate cut
tissue through the lumen of the inner tubular member.

In operation, the inner tubular member 12 is
rotatably driven in the outer tubular member 12 such
that the cutting edge 30 engages body tissue via the
cutting port or window formed by opening 20, and the
cut tissue is aspirated through the lumen of the inner
tubular member 22 to exit the surgical cutting
instrumerit via passage 34 which communicates with a

suction passage at the handpiece.

In accordance with the present invention, as
shown in Figure 3, the inner tubular member 22 has a
tin-nickel alloy coating 40 electroplated on its
electropolished outer surface. The distal ends 18, 28
of the members 12, 22 are closely spaced together in
order to provide optimum cutting action, and hence the
coating 40 will extend from the distal end 28 for a



10.

15.

20,

25.

30.

2107059

- -

length sufficient to provide an elongate bearing
surface between these closely spaced portions of the
members 12, 22. Usually, coating 40 will be along
substantially the full length of the outer surface of
the inner tubular member from the distal end 28,
including the cutting edge 30, to the proximal end 24.
However, a coating 40 may be sufficient only along the
closely spaced members adjacent the distal end 28, if
the members 12, 22 have sufficient clearance along the
remainder of the members as to be free-running. The
tin-nickel alloy cutting 40 preferably has a thickness
of from about 0.00005 to about 0.00001 inch such that
the outer diameter of inner tubular member 22 is
substantially same as the inner diameter of outer
tubular member 12, with the coating 40 engaging the
inner surface of the outer tubular member to form a
bearing, preferably along the length of the surgical
cutting instrument. If desired, the coating 40 may be
applied to the inner surface of the outer tubular
member 12 (Figure 4) or to both the outer surface of
the inner tubular member 22 and the inner surface of
the outer tubular member 12. The tin-nickel alloy
coating 40 is shown of exaggerated thickness in Figures
3 and 4 since the coating is so thin that it cannot be
illustrated if the figures are to scale.

As explained in ASTM B605-75, Standard
Specification for Electrodeposited Coatings of
Tin-Nickel Alloy, an electrodeposited tin-nickel alloy
coating is a single-phase, metastable compound
corresponding approximately to the formula SnNi. ASTM
B605-75 requires that the deposit of tin-nickel alloy
contain 65+5% tin and the remainder nickel. Coatings
of tin-nickel alloy suitable for use in the present
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invention will preferably meet this standard of about
60 to about 70% tin and about 40% to about 30% nickel,
although tin-nickel alloy coatings having more or less

tin may be used.

Electroplating techniques for obtaining
acceptable tin~-nickel alloy coatings for use in the
invention are well known in the art and are practised
by commercial electroplaters. See, egq. Electroplating

10. Engineering Handbook, Third Edition, A Kenneth Graham,
Editor, Van Nostrand Reinhold Company, 1971, pages
231-235 and 251 for a discussion of plating
compositions and operating conditions, as well as the
references listed at page 257 thereof relating to

15. tin-nickel alloy plating. See also UK Patent
Application GB 2,108,154.

Any suitable procedure may be used to
electroplate the tin nickel coating on the surface of
20. the tubular member, such as those described in the
literature referred to above. Generally, the surface
will be degreased, cleaned and deoxidised before
electroplating, as is known. Suitably, the surface to
be electroplated may be vapour degreased, cleaned with
25. a heavy duty steel cleaner at 4-6 volts for 5-10
minutes and then rinsed. The cleaned surface may be
deoxidised with an alkaline deoxidiser at 50 amp/square
foot for 5-10 minutes, rinsed, and thereafter treated
with an acid activator before the tin-nickel alloy is

30. electroplated.
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Examplie 1

Specimens of electropolished inner tubular
members of the 4.5mm full radius cutters of Smith &
Nephew Dyonics Inc were provided with a bearing surface
of a coating of tin-nickel (65+5% tin: 35+5% nickel)
electrodeposited directly onto the outer surface of the
electropolished 304 stailnless steel inner tubular
member. The outside diameter of the inner tubular
member (before coating) was 0.135 inches, the thickness
of the electrodeposited coating of tin-nickel was from
about 0.00005 to about 0.0001 inches, while the inner
diameter of the 304 stainless steel outer tubular
member was 0.136 inches. The electrodeposited
tin-nickel alloy coating was electroplated over the
entire length of the electropolished outer surface of
the inner tubular member. The surgical instruments
thus obtained showed superior performance at high
speeds compared to the same surgical instruments
without the tin-nickel alloy coating.

Two sets of samples of the inner tubular members
electroplated with the tin-nickel alloy coating were
satisfactorily sterilised, one using ethylene oxide and
the other using 5.00 to 6.00 M.rad. of gamma radiation.

Example 2

Surgical cutting instruments where the inner and
outer members are made of 304 stainless steel, wherein
the outer surface of the inner member is
electropolished and then coated with a thin film of

'silver are available from Smith & Nephew Dyonics in the

USA. Sixty specimens of electropolished cutters were
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obtained prior to being coated with silver, and were
divided into Groups A aﬁd B of 30 cutters each. 1In
particular, all of the sixty (60) specimens were 4.5mm
full radius cutters.

The outer surface of each of the inner blades of
the cutters of Groups A and B was coated with
tin-nickel alloy or titanium nitride, respectively. In
particular, the inner blades of Group A were coated
with a coa&ing of 0.00005 - 0.0001 inches of
electroplated tin-nickel alloy (65 + 5% tin: 35 + 5%
nickel) while the inner blades of Group B were coated
with coating of 0.00012 -~ 0.00015 inches of titanium
nitride by physical vapor deposition. Other than the
coatings on the inner blades, the cutters of Groups A

and B were identical.

The cutters of Group A and B were then subjected
toc a blade shedding test. The cutters are prepared for
the test by vertically suspending six (6) cutters by
mounting their proximal ends in a fixture. FEach cutter
is connected at its proximal end to a supply of water,
which flows by Qravity through the inner blade and
exits via the openings at the distal ends. of the inner
and outer blades. To complete the test assembly, a
conical tubular filter holder holding a filter paper 1is
placed over the distal end of each cutter, so that any
particles flaking off the blades during the test will
be captured by the filter paper.

While the water flows through the cutters, each
cutter is rotated at a preselected speed by means of an
electric motor and motor control unit for a total of
six (6) minutes. In the case of Groups A and B, the
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speed was 3000 rpm. At the end of the six (6) minutes,
the motors are turned off, the cutters with the filter
holders attached are removed one at a time from the
fixture, and suction is applied to the bottom of the
filter holder while the cutter is manually held upright
until the filter paper is dry. Thereafter, the filter
paper 1is compared to a standard ranking chart described

below.

LIMIT SAMPLES ¥FOR BLADE SHEDDING EVALUATION

Ranking Description
1 No shedding present
2 Minimal shedding
3 Visible shedding, light

particulate present
4 Shedding visible, easily
detectable per sample

5 Heavy shedding, heavy
particulate present

The average rank and standard deviation are then

calculated.

SPG/1.C/1404US/2209



R N T
'.'..'..""""'- .......
...........................
...................

................

..........

"% e e

T I I T
L T NP, . R
= * % e ey \.-.\_-s.-.._.._'_‘.‘- . S - -~
nl.~|-\||’....-._..._--.- ......
"".----..._..‘__
oo

CA 02107059 2003-08-07

CLALME 3

i A surgicsl cubiing instrument comprising an seliongate
» * A 2+ éi
outar tubtlay mewmbar having ouber and inner suriaces,

v

. . : *h : an '& . ﬁ ‘? : '
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Sigtal end:; an elongate inney tubular member having cuiber
e : ¥ -
v .. - > ;~ &
and inneyr surfaces, & prexinmsl sud, a digtal and and
. ¥ : vy " . . - . . : 3::_
cubting membar digsposed st the distal and, the iznner tubula

’, r ., = - %o s - ’C"::': "Z:' t{}
member baing movably regeived in Lhe outeyr tubulay meusdhe

wogition the proxwimal sand distal ends of the inner tubular
member adiacent the proximel and distval esonds of the ocuber
tﬁbui&rmﬁmb&r, the distasl and of ths osubter tubular membey
and Lhe cutting wexber heing adijacent to the opening to
permit the cubtiling mewber Lo angags hody bigsue through the
opaning: and & eosting of tin-ndickal alloy slachtroplated on
at leasgt 8 portion of at lsast owne of the outer serface of
the inney btubulsy membesyr and the ianey surface of tha csuter
tubulay maewber, the tin-nickel alloy cowbing baing opearable
Lo providse an elongate dHearing surface bDaiwasn othe tubulay

mamdsers of the surgical outting instrument.

he i soerding te olad - wherain the
4. Iihe instruwgent accoyding te claim 1,

Pin-nickel ailoy Quupriss

B
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aovut 50 o about FOY% rin

and from asbout 448 o 30% nickel.

o

3 The inztrument according to claim 1, wherein the innaer
c‘gﬁ' w» : ol e Y e s fy Veesh 7L
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and cuber tubular members are mads of slsctroplated

stainlesz staal .
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4. ‘Pthe ingtrument according o claim L, wvherein ithe oosting
¥ pip-nickel alloy iz elazebtropliated on the outer surfsce of

$hae ipnery tubular member.

. The ipnsbtrument accoording to olaim 4, whsrein tha
tin-nickel alloy comsrises foem aboubl 20 Lo about 0% fin

and from aboult 40 bo 20% nmicsksl.
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