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BACKGROUND OF THE INVENTION
In the production of machine parts to meet standard requirements for the U.S. military,
the U.S. Food and Drug Administration, and the International Organization for Standards;

15 cuttings resulting from machining processes are collected and returned to inventory control to
account for all material issued to the shop floor. To account for all issued materials, scrap
cuttings, residual bulk material, and machined parts are weighed to ensure that no unidentified
materials are uncontrolled on the shop floor. Scrap cuttings from high-grade medical or
military specification materials are expensive and, therefore, cost effective to recycle. In

20 another example of collection of cuttings, jewelers collect and recycle materials that fall in the

work area during the machining of precious materials such as gold and silver.

The surgical harvest of bone, with or without marrow components, is a further
example of the need for instrumentation for collection of cuttings. Harvested bone material is
25 used in treatment of bone defects and diseases. The goal of therapeutic transplantation of
bone and bone marrow products is the induction or augmentation of bone growth and repair at

a defect site or around an implant site.

Autogenous bone grafts are the gdld standard against which all graft materials are
30 measured. Acquisition of fresh autogenous bone transplant material provides all naturally
' available mitogens and growth factors in physiologic concehu'ations, viable mesenchymal and
progenitor cell populations, and natural bone matrix. Autograft bone has greater osteogenic
capacity than either allograft (tissue from donors of the same species) or xenograft (tissue
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technique is slow and obtainable bone volume is limited. -Bone biopsy trephines offer an
10 advantage that no muscle or ligamentous attachments are disturbed, but again, the technique

limits harvest volume and shape, and collection of the harvested material is tedious.

Other techniques have used square- or rectangular-shaped bone windows that
contribute to major donor-site morbidity. Angular defects produced in the formation of
15 common bone windows weaken bone structure because fractures can be propagated from the
corners of such defects.

Devices and systems for bone cutting, and bone marrow tissue aspiration and

processing for transplantation have been previously described. Bonutti (US Patent 5,269,785,

20 US Patent 5,403,317) and Thimsen et al. (US Patent 4,649,919, US Patent 4,844,064) relate
to orthoscopic tissue removal. Johnson (US Patent 5,443,468) and Leuenberger (US Patent
4,111,208) relate to drill bits and drill motor attachments; Abtopckomy (SU 1644923 Al),
Zelenov (SU 1066578), and Michaelson (US Patent 5,451,227, and WO 9505123) relate to a
bone tissue cutting device; and Chin (US Patent 5,385,570) relates to a surgical cutting

25 instrument with a recess for collecting chips of material. Bone marrow transplant methods
and apparatus were described by Werner (US Patent 5,407,425), Gillis (US Patent 5,199,942)
and Altshuler (US Patents 4,486,188 and 4,481,946).

Grant (US Patent 3,466,693) relates to the active wiping of drill pipe for oil field use,
30 and Dillard (US Patent 4,991,452) relates to a sampler for hazardous solid materials.

Existing cuttings collection instrumentation fails to take into account the need for
custom design for specific applications, the need for facile quantitation of collected material,
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Because these pﬁor art techniques are not completely satisfactory, the present inventors

have searched for improvements and provide the invention described herein.

SUMMARY OF THE INVENTION
20 The present invention provides an instrument and methods for the collection of
cuttings that result from the cutting action of cutting tools. The instrument comprises a tip
adapted for use with a cutting tool, and a collection chamber attachable to the tip for
collecting and holding cuttings. When a cutting tool is inserted through the instrument, the
instrument acts independently from the cutting tool by allowing cutting tool rotation along its
25 longitudinal axis and translation of the cutting tool in and out through the instrument. When

in use, cuftings accumulate in the collection chamber.

By "adapted for use with a cutting tool" is meant that the tip serves as a cutting tool
guide, and can further serve as a cutting tool bearing. The tip has a bore for fitting to a
30 cutting tool. Aspects of the invention that cause the accumulation of cuttings in the collection
' chamber include channeling from the action of a cutting tool, pulling due to translation of the
cutting tool, and flinging due to centripetal forces caused by rotation of the cutting tool.
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wiping a cutting tool may further consist of a finger that runs against the outside of the
cutting tool to clear material and may be located near the junction of the tip and collection

15 chamber.

Aspects of the further embodiments of the invention that contribute to accumulation of
cuttings in the collection chamber include the use of a wiper as herein described and use of
suction from a vacuum line, for example. These aspects add the actions of wiping and

20 sucking to the previously described actions of channeling, pulling, and flinging as means by
which the present invention provides for the collection of cuttings resulting from the use of

cutting tools.

The tip of the instrument may further comprise a tooth or a plurality of teeth for
25 eliminating slippage on a cutting surface. The tip may be a spherical tip or a swivel tip.

In a preferred embodiment of the invention, the instrument further comprises a
concentrically oriented cutting tool. By "cutting tool” is meant a tool having a flute such as a
drill bit, bur, grinder, rasp, reamer, milling cutter, and the like; and tools not having a flute,
30 such as a hole saw. By "concentrically oriented” is meant that the tool fits into the body of
the instrument so as to be substantially centered within the instrument. The cutting tool may
be fitted with an adjustable stop, preferably with a calibrated adjustable stop.
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15

The collection chamber may further comprise a means for measuring volume. In an
embodiment, the collection chamber has a transparent or translucent wall and the means for
measuring volume includes a volumetric marking on the wall. Such an instrument may
further comprise a plunger for packing collected cuttings so that packed volume may be

20 measured.

Certain of the parts of the instrument may be advantageously fabricated as one unit so
as to provide a disposable unit, for example. Such units may include the tip, the collection
chamber, and a wiper bushing; the tip and the collection chamber; or the cap, a wiper, and a

25 wiper bushing.

A drill bit having a tip with a first side and a second side, the first side having a
straight cutting edge, and the second side having a row of grinding teeth is a further aspect of
the present invention. Cuttings obtained by a process of using the instrument fitted with a
30 cutting tool having said drill bit is another aspect of the invention.

In a further embodiment of the instrument of the present invention, the collection
chamber further comprises an opening for connection to a2 vacuum line to provide suction.
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PCT/ US96/ 03875 A materials transplant system is another embodiment of the present invention. The
system comprises an instrument of the present invention with or without a wiper, fitted with a
15 cutting tool, and means for moving cuttings to an alternate site of use, such as a site of
implantation. In an embodiment, the cuttings are bone cuttings and the system is a sterile
tissue transplant system. The materials transplant system may further comprise means for
processing tissue, such as an encapsulation nozzle, for example. By "means for moving
cuttings to an alternate site of use" is meant any means of transporting cuttings from the site
20 of harvest to a different site.

A method or use of a materials transplant system as described herein for aseptically
transplanting skeletal tissue from a first site to a second site is another embodiment of the
invention. The method includes the steps of removing skeletal tissue aseptically from the first

25 site using the materials transplant system herein described, and implanting the skeletal tissue
aseptically at the second site. The skeletal tissue may be processed before implanting at the
second site, and the processing may include washing, grinding, tissue separation, acid
addition, base addition, encapsulant addition, or therapeutic agents including but not limited to
pharmaceuticals and growth factor addition. In particular, the first site and the second site are

30 within one subject so that the implant is an autologous transplant.

The instrument of the present invention is useful in any field of use where cuttings are

collected. Cuttings may be collected because the materials being cut are precious, i.e., rare,
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15 In industrial applications, gold, silver, platinum, or uranium can be machined and the
cuttings can be collected for reuse, disposal, or to address safety or environmental concems,
for example. The instrument may also be used in a microgravity environment for the
collection of cuttings that would not otherwise be contained. By "microgravity" is meant any
environment having a force of gravity less than that found on the surface of the earth, for

20 example, the space station environment.

In medical applications, the collection of cuttings of skeletal tissue is particularly
contemplated in orthopaedic or dental applications where bone and/or marrow is to be drilled
or aseptically harvested for subsequent medical use. Harvested skeletal tissue may be used for

25 transplants, for facilitating healing of bone defects, or for assisting implant acceptance. If
harvested tissue is a bichazard, the present collection system enhances the safety of handling
such tissue by keeping it substantially contained, until disposal.

Particular materials contemplated by the inventor for cutting with the instrument of the
30 present invention include skeletal tissue, metals, ceramics, and polymers. By "ceramic" is
meant a material made of silica-based ceramic, silica glass, calcium carbonate, calcium
phosphate, hydroxyapatite, porcelain, or an aerospace ceramic, for example. By "aerospace
ceramic”, is meant materials such as fibrous refractory composite insulation, thermoplastic
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LT P 3o gt At ot et p o ol
collection chamber, 6) remove the instrument from the site, 7) compact the harvested material
within the instrument, 8) measure the volume of material collected, 9) extrude compacted
material through the tip or withdraw it from the bore of the collection chamber, and 10)
implant the material in a second site within the same patient.

15 .
In this ten step example, the independence of the instrument from the drill bit is
demonstrated in noting that the drill bit was used with the instrument in only three steps (2, 3
and 4), tissue was collected in three steps (3, 4 and 5) and tissue was manipulated within the
device in 6 steps (3, 4, 5, 6, 7, 8 and 9). In this example, in addition to collecting tissue, the
20 instrument was used to locate the site of drilling, brace the drill, guide the drill, control the
depth of drilling through use of an adjustable stop, protect surrounding tissues from being
caught by the edge of the drill, and to collect, protect, store and transport tissue in a sterile

manncr.

25 Advantages of the present invention include: 1) the instrument can be customized to
specific cutting procedures and requirements, 2) the instrument facilitates rapid and easy
volumetric quantitation of collected material, 3) the instrumentation facilitates the efficient
utilization and placement of collected cuttings in an alternate site, 4) the invention eliminates
the practice of discarding and waste of valuable materials, 5) the invention can be used with

30 conventional drill motors and bits, 6) the invention efficiently combines three processes:
channeling, pulling, and slinging to collect cuttings, 7) the invention is adaptable to numerous
types of cutting tools, §) the invention can be used to collect precious metal chips and dust, 9)
the invention can be used to automatically collect radioactive material, 10) the invention can



A materials transplant systemis another enbodi ment of the present
I nvent i.on.—The— syst ' ' -
i nvention with or without a wiper, fitted with a 15 cutting tool, and
means for noving cuttings to an alternate site of use, such as a site of
i nplantation. |n _an enbodi ment, the cuttings are bone cuttin nd th
systemis a st¥@Piisns tissue transplant system The nn?é?’?’ﬁ’?‘éo’”%
transpl ant system may further conprise nmeafls for processing tissue,
such as an encapsul ati on, ngzzle, .fpr exanple. .By " s_for. ng . .
cuttings to 'Pe'F%'éFFéh% ﬁ%"é‘hB?d ﬁgﬁﬁ"f ?Hﬁb‘éﬁ?“%w%eﬁﬁ’%g’aﬁaﬁ?ms‘gs MVERRPR
cutti Rgg fres beh&?eaitbeoo%& andlbr@éemml fool, 42pa diuie fﬁpgrﬁfﬁéiti)xﬁ'entri]oncanro?te
A nmethod or uyse of,a materials transpl ant _system as descri rejn r
with th the eiterCy B 11,0

asept i cal | y With the bit dupipg sofation and ragglation, 43) JUYRImeRLR:
second sit e jhRn@diPishAdepBRtat iroRNhe BttiAd ol in many of V4, 1288 157 BficigRt Bélfction
I ncl udes the steps of ‘fenpbving skeletal tissue aseptically fromthe first

25 i t e throughythe iprocgsses of ehaonelingnpylling, and flinging ¢anrbsi sohanged| by adding
i mpl anti ng e tal .14 - aseptically at the second site. The
skeletal ti té’%u%’gﬁea%&t?g“sﬁ%‘gzggé%“ﬁ'é%e I npl anting at the second
site, and the processing may include washing, grinding, tissue separation,

acid addi.tion, .base addjtion, encapsul.apt additiaon, or therapeutic
agents i ncl udi ngb Bﬁ'(ﬁ)efﬁéfﬂ%?gﬁf? h‘etp&’se'_‘t mverho hﬁf]ﬁfgwﬁb‘dﬁ"%ﬁ?&_‘ﬁ%ﬁ
factor addi hine8stingskélatl tissub aiclude q) e intentioh allewshdriest 6L cambelious bid ativer 30
wi thin_one subject so that the inplant is, an autaql ogous transplant.
The i n¥q r umbre gid/orarpve satarial fomylyple;doneresites, 2) the imigntion aflgws for pptimaher e
Cuttings arrocessing of visblé Bolledfld skiéthl fiSfe R YrahplanRitioR By FroVIBAE SR shfAfl pieces
materials being cut are precious, 1.€., rare,
with a high surface area and washed in vital marrow elements, 3) the invention minimizes
biohazards associated with the disposal of human bone cuttings, 4) the invention decreases
patient morbidity by decreasing harvest time and allows the use of minimally invasive surgical
15 procedures, and 5) the invention decreases mechanical stress concentration and probability of

iatrogenic fracture and morbidity.

Following long-standing patent law convention, the terms "a" and "an" mean "one or
more" when used in this application, including the claims.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Further objects and advantages of this invention will become apparent from

consideration of the drawings and ensuing description of the preferred embodiments.

25 Fig. 1 shows a cross-sectional plane view of an embodiment of the instrument of the
present invention having a drill bit placed therein.

Fig. 2 shows an exploded plane view with some components in cross-section of an
embodiment of the invention.
30
. Fig. 3a shows a cross-sectional plane view of a further embodiment of the invention
adjacent to bone and prior to drilling.
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expensi ve, or have a special property, and where | oss is undesirable. On
t he ot her hand, cuttings may be toxic or hazardous, and collection

of such cuttings _'4 s _desirable to mnimze any hazard. pdpxissedsirsmay
be *due to vol ?(‘t‘ﬂ flammabi lity, radi oaﬁ)tivi ty, or due to

bi ohazardous aspects, such as having a virus like the HV virus, for
exanple. 5 . . | 5F tRE) iR entiRZRr A8 onatRsEilg Gpetatiohh

i nstrument and ngﬁghgﬁéno e%%“%&@%@?\}%m&ﬂglﬁl nventlglr?.provi age enrtllg?llcg%lhe
safety. Mat dfilldody (150) isibeing rotated atospeet] Gycin anelogkwiseadirection. i r e

hazard such as titanium magnesium and sodium can be collected safely in
t he system since oxygen pressure can be controlled within the
system The desi Big a4 shdwas arhédploded Plansivivwrivith sorhe companentsfin ceosiraectionl obyn
havi ng a reduced access to oxygen in a substantially closed system
Vacuum Tan B@ba@@amt‘?ftrhémgmﬂbV\Uered cuttings and further reduce

col | ecti on chanber oxygen tension. Furthernore, the collection
system may be flushed with an inert gas such as .. argon, for

m ni m zi ng conbuFig. éh shewsa g@lane view of a tip of an instrymentwith means g, g5ip; hone swrface
gol d, silver | at [ num...Qr alm B, .  ned and the cuttings
can be coll @?Eﬂ'oig’r '&gea,slé{’ill sposalctgpgp(a?%rﬁa dress safety or environnental
concerns, for exanple. The instrunent may al so be used in a

m crogravity envifonnen of the . al fi Of thi .hat uld
not ot h&rwi se befio P‘zﬂ‘&é& Wa'erdﬁ‘Vggf‘t@&%l &slﬂpr%'gﬁfs(i%'n{l}w&%&ﬂeg bolfl
envi ronment gaNing Gnd ching Provesses avthe Yiplte sptitizanhd inatphblogy of cwttingseanter Bargee
of the earth, for 20 exanpl e, t.he space st?tion envtihr aglﬂené s .
I'n medical Ahws withdowdlte angle toofapilitats mAvement of pytings wpy the dujl and within, the tip
particul arl ¥100). contenplated in orthopaedic or dental applications
wher e bone andol)or marrow is to be drilled or aseptically harvested
for subsequent nedical use. Harvested skeletal tissue may be used for 25

transphgnts, for pggﬁ%ﬂomfaigaﬂe R | 4578 enfboliiat S£Hhe GhventiOh taPproviies Sdriadéptic

i mpl ant “accept ance. rvested tissue is a biohazard, the present

col | ection Sisstectransplhutatiersfrome fist siteytocr sepondositenging an instrument,of; the prrécnly
keeping it Slg\l?e% ’gx;].t auegte& %Qstu%'nrfa%'dbe MBE&sLed%Wlenhance its bone inductive potential.

Fig. 7 shows a dual plunger attachment within a collection chamber of an instrument

20 of the present invention for extrusion of collected cuttings.
Fig. 8 shows a cross-sectional view of a dual plunger.

Fig. 9a shows a top view of a rotating drill flute wiper (600) with rigid flute
25 protrusion (610) for drill bits with two conventional flutes.

Fig. 9b shows a top view of a rotating generic wiper (620) with flexible bristle-like
protrusions (630) for use with a drill bit, tapered reamer, bur, rasp, or saw.

30 Fig. 9c shows a top view of a rotating reamer flute wiper (640) with rigid or flexible
flute protrusions (650) for a multifluted reamer.



Particular materials contenplated by the inventor for cutting with the
instrunent of the 30 present—inventiop—i-Rehtde—skeletal—tissue—retats——
ceram cs, and pol yners. By "ceramc" is meant a material nade of
silica-based cer arri c, silica glass, calciumcarbonate, calcium

'phosphate hydr ox atite, por celain, or an aerospace ceram_¢ or npl e.
By "aer ospace WO e Bceranic”, is meant materials such as fibrHHEP60s87s
refractory conposite insulati on t her mopl ddti c WO
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syntactic foegmooceranys matrix conposite, or the |ike. By "polyner" is
meant medi cal_grade pol ymers such as pol ymet hyl net hacryl at e,

pol ycar bonat® pﬁﬂhﬁgﬁa}le%&l? pol yvi nyl chl ori de, silicone el astoner,
or the likejg gg The instrunent of the present invention can
be used by o?lo ng the steps of an exenpl ary orthopaedic
procedur e ag0,f A0 ows: coil):ctmnaﬂ!embtre i nstrument on bone, to locate the
cutting sitgoan rg aguidefor the cutting tool, in this exanple, a
drill bit, % pl a drill bit into the instrunent, 3) drill in
a manner comh30 stdrliilwipdrh cI inical practice, 4) w thdraw the drill
fromthe inié Li hoI d the instrunent at the drill site so as to
align the b 48t 10 the tip and drill hole to allow marrow tissues
including bhspd &l up into the tip and col I ecti on chanber, 6)
renove the instrunment fromthe site, 7) conpact the harvested materi al

wit hi n!& he 16t rflwteiperg) neasure the volune of material collected, 9)
extrude conpast eghin flute material through the tip or withdraw it fromthe
bore of the collection chanber, and 10) inplant the material in a
second sitel&Q}t hswivelitip sane patl ent.

183  tip fixation prongs

186  swivel tip teeth
15 190  cancellous bone
193  cortical bone
195 bone cuttings
200 cutting edge
210  grinding teeth
20 220 land
230 flute
240  drill shank
401  collection chamber
402 tissue suction line
25 403  tissue reservoir
404  vacuum pump
405 bone cuttings
406 roller pump
407 tissue separator
30 408  valve
' 409  encapsulant
410 encapsulation nozzle
411  applicator



15 In this ten step exanple, the independence of the
instrunent fromthe drill bit is denonstrated in noting that the
drill bit was used with the instrunent in only three steps (2, 3

and 4), tissue was collected in three steps (3, 4 and 5) and tissue was
mani pul at ed WMGII e device in 6 steps (3, 4, 5, 6pefy ﬁm?ﬂjlg 9).
In*this exanple, " inaddition to collecti ngli I ssue, the 20 Instrunent was
used to locate the site of drilling, bracethe drill, guide the drill,
control theg12 encap@fddiRbe drilling through use of an adjustable stop,
protect surrounding tissues from being caught by the edge of the
drill, and #& cobongct, protect, store and transport tissue in a sterile
manner . 23 iliac crest Advant ages of the present invention include: 1)
the instrunent can be custom zed to specific cutting procedures and
requi r ement §00 2) tip phngerst runent facilitates rapid and easy

vol unetsic ntitation of collected material, 3) the instrunentation
facili t%t esgrﬁe gqlieption. chamber p{““g""uti lization and pl acenent of collected
cuttings insam apluBgdrdiesd Site, 4) the invention elininates - t he
practice of discarding and waste of valuable materials, 5) the invention
can be used33#f t hplypeer Tageonvent i onal drill notors and bits, 6) the invention
ef ficientlysg®nbidiRstdd Samblf ﬁﬁsféce channel i ng, pulling, and
slinging to collect cuttings, §§ the 1 nvention is adaptabl e to numerous
types of cuf@@ ngduildBlute wipr t he i nvention can be used to collect precious

net al fd‘i ps d 9 . the invention can be used to automatically
col | ec radlﬁgd;ctf%\:@hﬁtaet%?m on 10) the invention can WO

97/ 16118 620  generic wiper
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be used to gi@uc%%‘é“?ﬂéﬁ’?‘ﬂﬁﬁ’& of a fire when cutting oxidizable

materials, 640 tRemefigetwiper

650  reamer flute protrusion

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention, in one example of its preferred embodiment, provides surgical

instrumentation that acts as a cutting tool brace for efficient cutting and collection of skeletal
tissue, including bone and cartilage tissue. The invention further provides for transfer of

20 harvested tissue to an implantation site. When the harvest site and implantation site are
within the same subject, the transplant is called an autologous transplant or an autograft. This
type of transplant is as close to ideal as can be achieved, since intrinsic growth factors and
matrix material are provided, and the possibility of immune rejection is avoided. When the
harvest site and implantation site are in different subjects, the transplant is called an

25 allogeneic transplant or allograft, and the possibility of immune rejection by the recipient
subject exists. An implantation site may be a structural defect or a site of an implant in a

bone or cartilaginous site in a body, such as an orthopaedic implant or dental impiant.

Freshly harvested bone or cartilage tissue can be described as being vital and having
30 inductive potential. This means that freshly harvested tissue has growth factors and matrix
material that, when implanted in the donor patient, stimulate bone or cartilage to heal.
Exemplary intrinsic growth factors and matrix material include, but are not limited to,
transforming growth factor beta, fibroblast growth factor, bone morphogenetic proteins,



can be used to locate and brace a cutting tool, 12) a flute mnper of the

I nvention can rotate wi-t-ht-he—it—et-+reg—rotatromrand—tTanstation,
13) the instrunment can be held by hand, 14) the i nvention is

i ndependent fromthe cutting tool in many of its uses, and 15) efficient
collection 5 t hrough the processes of channeling, pullin ngi n
can be furtheWaAfi§H8ed by addi ng t he procegseg of mf%?ﬁ%ggﬁdg J1ne
suct i oni ng. Further advant3ages of the present invention

that are ap ar ent tion, of stin kel. et tissue
i ncl ude: pﬁgnpqﬂ})%fqagfﬂﬁgtf nﬁ%@é‘t‘“‘o‘?‘“&%ﬂéﬁ? ﬁgtegﬂge g"[ ﬁréafgealﬁr bone
and/ or m&r r RUEHITR OF I delfécti GRtvith Pictors] RaeH asSIl'néséSand?b)hd-sberd mnmmtplﬁed ad | ows
for optinal processi ng of vi abl e col cte skeboe%ﬁ tissue. f
transpl ant apptmaliybpmwﬁdfr%tg hagvested satarial {9 paling af, % PRy g‘ﬁ?‘f ace
area and wagfhed in vital marrow el ements, 3) the I nvention mnimzes

bi ohazards asSociated with the disposal of human bone cuttings, 4) the

i nvent i®n decreases patient nor bidity by decreasi ng harvest tine

and allows the use of |nv \ I )
the invention dei’?%gg?"%e%ﬁ%ﬁh g? gsaﬂcio Cs%'tré‘? FOR an p%?,bgﬁ’.ﬁ%“‘gf
i at rogeni ¢ fifvatiof sllowichssfitichdotiedtion of bone and cartilage cuttirfgs lahd comprises agips¢18ndi ng
patent | aw convent I on, "a"

when used i A0@)tha F@Q’?‘Fté?fi g\“ﬁ?,sl ‘hﬁh‘“@g P??E quge% '%bgr(zo thpléf:nq[‘%'s

DESCRI PTI ONgfrp &HEbB}?WtW%% and a cap (30, 140) havitig bbore BB 264 taadpﬁd\camhﬁgaﬂ
of this invention becone apparent from consi deration of t

drawi n® and!¥) guidegnd dearningot Tagsther theitip (1910 aad) beasing Fap£il 440
Fig. |'s hom@*l@w%r&%%gst%&t ggﬂﬂo ! otfed hﬁ‘%aﬂﬂa@@bfm'bg'iﬂfngq hénh@hu lcci, or by

I nstrumnent ent I nvention having a drill & ace
t her ei n. use of an external motor.g When fited.avithre eytiingoieekisush ape dyilichit (§50h fevne
conponent s |en cr

1955 sBG iPRgOf, Aand 3b, the &P BH(130) linsthts IdARithANAR! hRfigh the
body of the invention and serves to cut and grind bone cuttings (195) at its tip and translate
15 the bone cuttings (195) up the tip into the tissue collection chamber (110).

The terms "bushing” and "bearing" are used interchangeably herein to illustrate that the
surface on which a cutting tool runs can be a simple bushing, or a roller bearing that turns
with the cutting tool and has no sliding contact between the surface of the tool and the

20 bearing.

The present invention efficiently combines three processes simultaneously to channel,
pull, and fling cuttings resulting from the use of cutting tools into a collection chamber.
When a cutting tool is inserted through the instrument, the instrument acts independently from
25 the cutting tool by allowing cutting tool rotation along its longitudinal axis and translation of
the cutting tool in and out of the entire instrument without being required to change the speed
or translational characteristics of the drill and its motor. When in use, cuttings are channeled
through the action of flutes, pulled through translation of the bit, flung through centripetal
forces caused by rotation of the bit, and may be withdrawn using a fourth process through

30 evacuation of the collection chamber using suction.

A cutting tool may be a tool having a flute, such as for example, 2 drill bit, bur,
grinder, rasp, reamer, milling cutter, or the like. In a further embodiment, a wiper (130, 600,



30 ' Fig. 3a shows a cross-sectional plane view of a further
enboditrent of the invention adj acent to bone and prior to drilling.
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Fig. 3b illustggbsss enbodi nent of the invention during a W
oper ati on. Thev‘,6 li’tpdrl |1 body (150) is 2 |ng rotated at spee err% I n

cl ockwi se direction. Fig. 4a shows an expl oded pl ane vi ew

with some ccamom)t@pfd%&aqsmﬁ%é&m‘ggfam ffom a oSHTYPFH) EBA ﬁ% chiftings to be

i nventi on. shows a’ pl ane vi ew

i nstrunent \depesited inta mmc@mmmbmlﬂgmhen the cutting tog) na/mnqved froovthele a

el o' ookl 1B R sao it e i Ll 9 P, 2
cutting proqeecesses af chanaclinigp pulding,flinging @nd hekingrqnitings ¢y mofe ﬁﬁbiehﬂwimﬁnd a
Iugr ?ﬁe 2ri | lcogwge‘i% Walk ﬁl\é&i{ll ¥ gm weqclzu%?:t&?tefylac ICItl eecuan\éetgglrhas%f ﬂtftg téslongs
such as a drill bit (150), the wiper (130, 600, 620, 640) may be designed so as to fit into the
flutes (230) of the cutting tool. The wiper (130, 600, 620, 640) is concentrically oriented with
the cutting tool, and may have a protrusion (160, 610, 630, 650) in its bore that reaches into
the flutes (230) of a cutting tool to wipe the flutes of cuttings when the cutting tool is pulled
10 through the wiper. The wiper (130, 600, 620, 640) is free to rotate within the collection
chamber or an adjacent bearing housing, during cutting tool rotation or translation through the
instrument. In an embodiment having a wiper designed for a drill bit, a drill wiper (130, 600,
620, 640) turns with the drill bit (150) and allows drill bit (150) translation. The drill wiper
(130, 600, 620, 640) runs on an inner bore and is contained within a wiper bushing (120).
15 The drill flute wiper protrudes into the flutes of the drill bit to clear the flutes of bone
cuttings and blood; the wiper rotates within the collection chamber during drill bit rotation

and translation within the collection chamber.

Protrusions may be lobes (610, 650), hairs, wires, brushes (630), or threadlike projections
20 (630). A wiper (620) may be adapted to a tapered cﬁtting tool. In one wiper embodiment
(620) the projections (630) are like the spokes on a wheel and flexible for adaptation to
tapered reamers with one or more flutes. This wiper (620) turns in the housing so as to
minimize rotational action of the bit against the spoke-like protrusions (630), while allowing
translation and wiping of tapered fluted bits or reamers. A reamer wiper (640) with irregular
25 flute-shaped protrusions (650) can be used with the instrument.

Cutting tools may also be tools lacking a flute, such.as a hole saw. Cylindrical saws
having a bore and cutting teeth on one end are used to core material while cutting a round
hole. In an alternate embodiment adapted for a hole saw, cut material moves up the bore of

30 the saw until it enters a section of the saw bore tl}at has a greater internal diameter than at the
tip of the saw bore, where it accumulates in a collection chamber. In this embodiment, the
collection chamber turns with the saw and inside a stationary housing. The instrument would
have a t1p and a housmg sumlar to the collection chamber of the preferred embodiment
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15 Fig. 6 shows a schematic of an enbodi nent of the invention

t hat—provides—for—aseptic————H-sste—t+ansprantator—froma—t+st—stte

to a second site using an instrument of the present i nventi on.
Harvested tissue may be processed to further enhance its bone inductive

potenti al . Fig. 7 shows a dual plunger atta L1hin a
col lecti on cha¥B&F3#8 an i nstrument 20 of the present ianSH
extrusion of collected cuttings. 15 Fig. 8 shows a
cross-sectignal .vi ew dua uneer,. Fig. 9a,shows a
Cop Vi ow of Taoyes fithue, Bolf Wy i ebson chambs woud roty; o piby FRS0 B R
protrusion (pedkithall end ofrthé holsidgs wouldnact wa beuringind @nd forf thei téltection chamber

Fig. 9b shows .a top view of a rotating generic wi per (620) with flexible

bristle-|ikvithinthe'sawy, o 1 ysions (630) for use with a drill bit, tapered
reamer, bur, rasp, or saw 30 Fig. 9c shows a top view of a
rotatln reanmer flute wiper (640) with rigid or flexible flute
protrusgons ( 650 Fhe gurgicak entineay furtheroomprise an attachment that fits into the collection

chamber that acts like a plunger (500, 510) to push bone cuttings (195) out of the collection
chamber (20, 110) through the tip (10, 100) for application to a surgical site. In operation,
the plunger (500, 510) is translated through the bore of the collection chamber (20, 110) to
force cuttings out the tip (10, 100). The plunger face (530) is formed from pliable material

10 and tapered at a more gentle angle than that of the collection chamber extrusion face (540) so
that, upon contact, cuttings are first compressed at the periphery of the plunger face (530) to
extrusion face (540) contact area. As the plunger face conforms due to its pliable material,
the contact area grows in size and towards the tip {10, 100) bore. This action extrudes all
materials into the tip (10, 100). The tip is cleared with the tip plunger (500) once the

15 collection chamber plunger (510) reaches full travel.

The instrument of the present invention may further comprise an attachment containing
biocompatible materials, pharmaceuticals, or biologics for mixing with bone cuttings. The
attachment would fasten to the bore of the collection chamber (20, 110) and provide a means

20 for mixing the contents of the attachment with the bone cuttings (195) within the collection
chamber (20, 110). The attachment may be configured with a screen for filtering cuttings by
size, or a mixer to stir the contents of the attachment with bone cuttings (195). The
attachment can be used with a plunger to combine the features of facile and accurate delivery
with the treatment of bone cuttings to enhance efficacy in facilitating bone healing.

25

The surgical instrument is preferably of a generally cylindrical shape, although the
instrument is not limited thereto. Alternative general shapes may be elongated and shaped for
ease of use such as having a grip, preferably a grip that is ergonometrically shaped. An
embodiment that has been fabricated and used in surgery is a cylinder of abont 1.25 inches in

30 diameter and 4.0 inches in length. Cylinders of about 3/8 to 1/2 inch in diameter, and about

. 1 inch in length are contemplated for use with small bones; for use in industrial settings, a
cylinder having a diameter of up to about 1 foot and a length of up to about 1 foot is envisioned.
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LI ST OF REFERENCE NUMERALS 10, 100 tip 103 spherical end
tip 106 tip teeth 5 20, 110 col I ecti on chamber 120
W per bushi ng WO “?’LBO drill w per 30, 140 cap pcT/us96/03830
driil bit 10 %8‘ | ute w per 174 drill flute 180 sw vel
tip 183 tip fixation prongs f86 swivel tip teeth 15 190
cancel | ous bone Materials s%itable @' fabricte the strument inclb@§ bub&8G0€ linkted €55 stainless
200 cutting edgee_ 210 grinding teeth 20 220 | and, 230
flute steq), delrin,; polymathyimethacrylateq gnd polyethylens, fos examplen cthe tip, fluteswiper,

405 bone. cotisBRg Sy be ffeatid (HAaE BaF s {Rferably mad fgm suiAZ) MR Bee)
408 val ve Alternative materials could be used, such as titanium, cobalt, or titanium nitrate coated steel.
5 The cap, collection chamber, and wiper housing are preferably fabricated from injection-
molded high density polyethylene but can be formed from polymers including but not limited
to delrin, nylon, polymethylmethacrylate, polyestet, polyvinylchioride, and polycarbonate.
Generally, metal parts should be resistant from cutting tool wear and selected from a family
of metals that is biocompatible so that a little wear debris will not adversely contaminate
10 collected tissue. Generally, the polymer parts can be formed of any material that can be

easily formed and sufficiently strong for the application.

The tip (10, 100, 103) contacts a cutting surface without penetrating into it, and serves

as a cutting tool (100) guide or brace and bearing, while channeling harvested tissue into the

15 collection chamber (20, 110). In either an embodiment having a wiper (130, 600, 620, 640)
or an embodiment lacking a wiper, the instrument’s tip (10, 100) forms the lower portion of
the tissue collection chamber (20, 110) and may have a lip to enhance stability and retention
in the collection chamber. The tip provides a pathway and means to move cuttings into the
collection chamber (20, 110). The tip (10, 100) has means to eliminate slippage on bone and

20 trap bone cuttings (195) in the cutting tool flute (170) to channel the bone cuttings up the tip
(10, 100) and into the collection chamber (20, 110).

A serrated edge or sharp tip teeth (15, 106) located directly on the cylindrical portion
of the tip (10, 100) or on a swivel tip (180) held with elastic tip fixation prongs (183) can be
25 used to eliminate slippage and channel bone cuttings (195). A swivel tip (180) rotates about
the lower end of an optional spherically ended tip (103) so as to provide good cortical bone
(193) contact.

The collection chamber body (20, 110) may attach to a cap (30, 140) or to a wiper
30 bushing (120). When fabricated to attach to a cap (30), the open end of the collection
chamber (20, 110) may have a positive lip on the internal diameter to lock with the cap. The
collection chamber (20, 110) requires no moving parts and takes advantage of the movement
of cuttings up cutting tool flutes, pulling of tissue through the tip and slinging of cuttings to
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to measure unpacked volume. A plunger (500, 510) may be used to compress said bone

cuttings for the measurement of packed volume.

The cap (30, 140) may attach to the collection chamber (20, 110) or o a wiper
10 bushing (120). The cap (30, 140) may have a groove on the outside diameter near one end to
lock with a lip in the bore of the collection chamber (20, 110); other types of connections
may be threads, o-rings or a quick disconnect member. The cap (140) may house a flute
wiper (130) that is held in through the use of a press-fit cylindrical bearing.

15 An embodiment of the invention is shown in Fig. 3a in contact with cortical bone
(193) prior to drilling. The invention is shown in operation in Fig. 3b with cortical bone
(193) and cancellous bone (190) being drilled and bone cuttings (195) moving up the drill
flutes (170) and being deposited in the collection chamber (110).

20 In one aspect of the invention, the surgical instrument is designed for use with a drill
bit. A drill bit having a tip that both grinds and cuts bone (200, 210) to optimize the size of
bone particles for specific transplantation purposes is an aspect of the invention (Fig. 5a and
5b). The bit tip has teeth (210) and a cutting edge (200) at the entry to its flutes to grind and
cut bone while creating a bore in bone. The teeth and cutter geometry can be chosen to

25 adjust the particle size of bone cuttings. The drill may have a large flute volume and low
flute angle to facilitate bone cutting movement into the tissue collection chamber.

Drill bits of most any design may be used, and the quality of the bone cuttings (195)
can be optimized through the use of a specialty bit in one embodiment. The cutting edge of a
30 specialty drill bit tip has a straight cutting edge (200) on one side, and has a row of grinding
teeth (210) on the other side. The grinding teeth (210) protrude from the tip of the drill
beyond the cutting edge (200) and serve to grind and loosen material for the cutting edge
(200) to sever and scrape into the entry to the flute (230).
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Another embodiment of the invention includes the surgical instrument described herein
and further includes means for transferring harvested tissue to a second site with optional
15 processing of the harvested tissue. In this embodiment, the collection chamber (401) is
connected to a suction line (402) to move bone cuttings (405) and fluid collected from a
surgical site, such as the iliac crest (414), so that it can be stored in a tissue reservoir (403).
Vacuum is supplied to the system by a vacuum pump (404) connected to the tissue reservoir
(403). Collected material in the tissue reservoir (403) is moved using a roller pump (406) to
20 a tissue separator (407). The tissue separator (407) can contain screens, filters, centrifuge
units or other cell and tissue separating devices as well as acid and basic solutions to modify
the collected tissue. The tissue transplant system may comprise a pump, filter, centrifuge,
mixing chamber, settling chamber, conduit, and the like. The system may have an applicator
for the implantation of collected skeletal tissue. Skeletal tissue may be harvested from a
25 variety of sites, such as rib, fibula, iliac bone, cranium, sternum, tibia, or the like.

For example, a centrifuge may be used to fractionate the harvested tissue and remove
red and/or white blood cells; or harvested tissue may be chemically washed so as to increase
the bone inductive potential of various proteins and cells while maintaining their viability.

30 Processing may include steps to enhance the bone forming potential of said bone cuttings not
limited to filtering, rinsing with water, grinding of said bone cuttings, washing with acid
solutions, and washing with basic solutions.
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in contact with a well-vascularized recipient bed will survive, and storage of harvested
cancellous bone material in normal saline ensures cell survival in the 95% to 100% range

20 even after a working time of up to four hours (Marx R. ef al. J. Oral Surg. 37: 712-718,
1979).

An aspect of the invention is the use of the herein described tissue transplant system
combined with the addition of growth factors and matrix material to enhance bone wound
25 healing. Addition of such factors and material is expected to optimize the state of the
harvested skeletal tissue. Such factors and material include, for example, transforming growth
factor beta and alpha, bone morphogenetic protein, platelet derived growth factor, epithelial
growth factor, fibroblast growth factor, vascular permeability factor, mitogens, mesenchymal
cells, progenitor cells, and natural bone matrix.
30 _
Procurement of tissue may be separated in time by implantation into the donor or into
a different recipient. One of_ skill in the art would realize, in light of this disclosure, how to
use the instrumentation of the present invention when tissue is harvested from one patient and
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methods of the present invention facilitate handling, vasculﬁrization, modeling, and provide a
bone-inductive scaffolding for enhancement of healing of a surgical site.

In practice of a preferred embodiment, a drill bit (150) is inserted through the cap
{140), wiper bushing (120), drill wiper (130), collection chamber (110) and tip (100).

20 Rotation of the drill bit (150) cuts bone. Bone cuttings (195) are confined within the drill
flute (170) by the tip (100). Continued rotation of the drill bit (150) causes translation of the
bone cuttings (195) up the inner bore of the tip (100). Bone cuttings (195) that have moved
up the tip (100) and into the collection chamber (110) fall from the drill flutes (170) and
collect in the collection chamber (110). Bone cuttings remaining in the drill tip (10, 100) can

25 be pulled into the collection chamber (20, 110) through drill bit translation and cuttings
remaining in the drill flutes (170) are removed from the drill flutes (170) by centripetal force,
suction, or the drill wiper (130).

The drill wiper (130) is free to rotate in the wiper bushing (120) along its common
30 axis with the drill bit (150). The flute wiper (160) of the drill wiper (130) extends into the
drill flute (170) to wipe any residual bone cuttings that have not collected in the collection
chamber (110). The drill wiper (130) turns with the drill bit when it is rotated along its long
axis or when the drill bit is translated through the tip (100), collection chamber (110) and drill
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positioned on bone at the point of drilling. As bone is drilled, bone and /or marrow tissue
fragments are carried up the flutes of the drill bit, through the tip and passively fall from the

15 flutes into the collection chamber. The drill bit can extend beyond the tip of the instrument
up to about 3-5 inches, and the instrument may be moved in an arc motion so as to harvest
tissue from a cone-shaped area of the bone. When the drill bit is translated longitudinalty
away from bone within the instrumnent in and out of the tip, rotating action further acts to
displace material from flutes into the collection chamber, and in an embodiment having a

20 wiper, movement of the drill bit through the wiper serves to displace material into the
collection chamber. |

The description of the embodiments and their operation is given not to limit the design
and scope of the invention but to broaden the description of the invention to include any
25 method or device that uses a surgical instrument of the present invention and achieves the
goal of harvesting and processing of bone or marrow tissue for the purpose of transplantation.

Even though the invention has been described with a certain degree of particularity, it
is evident that many alternatives, modifications, and variations will be apparent to those
30 skilled in the art in light of the foregoing disclosure. Accordingly, it is intended that all such
' alternatives, modifications, and variations which fall within the spirit and the scope of the
invention be embraced by the defined claims.
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facilitating bone Ieallng. The surgical instrunment is
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is not limted thereto. Alternative general shapes nay be el ongated and
shaped for ease of use such as having a grip, preferably a grip that
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cadaver femoral bones. Bone cuttings were collected following a few revolutions of the drill
bit. Cuttings moved up the flute within the confines of the tip. Cuttings exited the flute once
15 they passed the tip and entered the collection chamber. The white color of cortical bone was
seen through the collection chamber window and cancellous chips were coated with a small
quantity of blood. Six 0.272 inch holes of approximately 2 cm depth were made. With each
new hole the collection chamber continued to fill. The large quantity of osseous tissue
collected in the chamber quickly obscured the view of the drill.
20

While drilling, the flutes were noted to retain some of the cuttings. To test the
performance of the flute wiper, the drill bit was withdrawn. When removed from the device,
the flutes were noted to be clear of cuttings and the cuttings were seen to fall into the
collection chamber. The action of the rotating wiper was smooth and did not cause the bit to

25 bind during drilling or withdrawal. At the desired drill dépth, the bit could be quickly pushed
in and pulled out to collect additional osseous tissue from the margins of the drill hole, or to
pump blood into the collection chamber that was hemorrhaging into the site. Use of 2
vacuum in conjunction with the device could facilitate collection of more blood if clinically
advantageous. Once drilling was completed, the drill bit was withdrawn for the final time.

30 '

In one embodiment of the invention, the cap and wiper bearing are fabricated as one
unit, and this unit may be removed together with the rotating flute wiper. The collection
chamber and tip also may be fabricated as one piece. A plunger assembly will connect to the
collection chamber and facilitate clearing of the harvested osseous tissue from the device. This
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uttings up cutting t

collection

ngpéye% I SSUG

| flutes, pulli
ction. Comléar1 By Vo ume
ection anper-. e collection

chanber (20, 110) can be further enhanced b haV|no an_opening_f or

connection to ,“' Dt Nadmber (10 Harvestedt Eatsae ¢ ha heoretient (Tassue T Harvested '1issue
cuttings and t¢ facilitate cqll evblm @¢) bl )Od.VoTlhﬂe () | e¢ti onsaltadfer (20,
110, 401) may have a |reans of measufing collected|ti sThearatithlune not
limted to a v¢tT 1, T RTTT, - OT0.65 Ll anspap@st or granst gognt_ouater
easur & unpack]e Wﬁ- i W Ty CHROUT USYU 103t O
measur € unpack§e—ve o0 ] id
bone P clff'an L fhernmgﬁmgﬁgfuu-A; v :
The cap (30, 10\ P4 ach o the¥?hl L ect Lan r‘h—r: 10
wi per 10 bu‘h|nor A2 . Thie cap 140} may nfgYe a gioove the
outsi de di amet ¢r_ned e end to -39 lotk witB68 [ip iin the $ore of |t he
col | ect@ on chaffber (IBB957L10) ;| ot her0.6§ pes ol conn@&li ons 98%my be
t hreads, o-ring EL df SCONNE8® nenbgr. 1hae.7cap ( 14 mayl1Bouse
flupe _ p DET 0803 T 15 TGBD 110 LNTrougnosoe usejor a A08SS-TTT
cylindrical beg T938033 026 0.26 100 |
528953 0.29 0.30 96 |
15 102951 24 2.6 ==$__=JJ
_
Table 2: Tissue Collection Comparison By Weight
20 ample Number e 1ssue eoretl issue arvested Tissue
Weight (grams) Weight (grams) as a % of
Theoretical
I 103931 035 0.98 36
103952 0.54 0.93 58
lr 103953 0.53 0.58 60
] 103954 0.50 0.85 39
25 103955 0.49 0.83 58
103956 0.50 0.89 36
103957 0.54 0.91 59
102951 3.1 3.1 100
30 The surgical instrument was used in a living animal in both iliac crest and proximal
tibial metaphysis sites. Two holes were drilled in each location. The observations made
during the drilling of fresh cadaver bone and the sites in the live animal were consistent.
Osseous tissue collection was achieved with the bone cuttings having a light coating of blood.
Blood in the collection chamber was not of sufficient quantity to form free liquid. The two
35 drill holes in the tibia produced 0.45 cc or 0.48 grams of bone. The two drill holes in the

iliac crest produced 0.91 cc or 1.09 grams of bone.

These data demonstrate that the surgical instrument of the present invention is



15 An enbodi nent of the invention is shown in Fig. 3a in contact
wth cortical bhone (-193) —prtttg—eit-t-Ag—Fhre—+rvrentt+or—s—stown
in operation in Fig. 3b with cortical bone (193) and cancel | ous
bone (190) being drilled and bone cuttings (195) noving up the drill

flutes (170) and being deposited in the collection chanber (éé.g 9

In one aspect W9YM8 nyention, the surgical instrument is d&Sgnedfor use
with adrill bit. Adrill bit havizég atip that both grinds and

cuts bone (200, 10) to optimze th i ze .0of . bo articles for
Cheoi 1o | rmendrvid €18 pd i Pliedtioh 5t Jitah ossrous iR TG ARet oy fure
?Ed - si&p% Witfiilhﬁ? Rkd <t>£ ihiy c_lbagze,t @g&lb dfiBédin t&mtd t% fastehtain_rif_mphﬁger ?l@&ﬂa sagw
e entry OI1lS ut es 0 rpna an _ u one creall n ore
oo Thean b RoUTRIOE HEhS, B EUHE e capgbls s SbRGHE B Desting SRPRsE Or BeRe.
particle si ﬁaingf la%@%n@HEfeEtQ,g&-faEﬂﬁtiﬁ%ﬁision'mhnﬁ%leoﬁdiséd’s&ﬁj&_ﬂts!t e vol ume and
ute n

| ow gle to facilitate bone cutting novenent into the tissue
col | ecty on chanber. Drill bits of npbst any design may be

d, dth [ f the. ' . ey
v ough the use BN o 8 subeRE Tpd HEbAEsCE nd claimed Kt My RO 467

3Qd S pgc Lakécumd rWitHo?bimqmiqapdsrhmnmtisn rir:aligtttof dhat presept didglesuf€.0Whilsrthe ne_l_h
side, and has a row of .gri.nding.. . . n : e
grinding t eSPHPCHIE} apd glernl? 0? %W@W?’%%Pé%%‘%&%ﬁl H‘Engli, BFb ’-'Sgé)f%ﬁd t he
cutting edgembadifhen8il Wik 'béQpparedito tebse ofiskild dis the anmthetr variatiérsrmayhise applied ng
edge (200) to sever (?nd scrape intg the ent ré/ tt Q t h?’t{nl ut& ((1%130c}ibed
WO 97/ 111 g the composition, methods and in the steps or in the sequence of steps of the method des
PCT/ US96/ 03R4rein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents which are both chemically and

physiologically related may be substituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes and modifications apparent to
15 those skilled in the art are deemed to be within the spirit, scope and concept of the invention

as defined by the appended claims.



18 | Furt drill bit that are contenpl ated as
part of the present |n mimﬂ,a | ude the follow ng. A land (220)
can be optim zed for di ons usi ng different fl ute
vol unes and angles to transl ate bone cut tsaléngs (195) or marrow tlssue

drill wo'eME178240) without fluted $€ction attaches topay, #ﬁh},rgot or
and serves to stop translation of 5 the drill through the W per
- (130) through interference between the flute w per (160) and

unfluted section of the drill shank (2¢bAIMS8ke drill shank (240) can be
fitted wth a ca d al | ow precise control of
drill pene ratlO%ngé@{uﬁgmforcollec@oﬂHfm&ﬁtm%g] cal instrunment may be a
singl e use devi cetip adaptedférdsesmlsatﬂxmmncdl adat is 10 provided in a

steril e package t user uI a del s adap Q f| t drill bit
di ameters ‘Eﬂl Hop ‘f*‘ﬁ?‘"‘% m% @@W%““aﬂ’&i BURES: ar e
cont erspl at RHerein when the instrument 1s°ﬂﬁéd1%thmg%l t8é 1ﬁ§&6xdeﬂtVﬁR§Wsoc‘f hitinigClodl €S

the surgical instrunent described_herein and further includes neans
for transf¥tationgnd srandation; and whenin gsegouttings rrsctml@em the colieqtion ghambpr.
processing of the harvested tissue. In this enbodinent, the collection
chanber (401) is connected to a suction line (402) to nove bone
cuttings (205) dite ihstminentaf] dlaimt lefilrtheranomprising a cap attachablectalthesdollection ¢hiimbes,
the iliac GLes @é ﬁ%} so t hat ihicgglbe stored in a tissue reservoir
(403). A@T RiBHBThe system by a vacuum punp (404)
connel@ ed to the tissue reservoir (403). Collected material in the
ti ssue reservoir, (403 i ved rol | er, (406) to 20 a

ti ssue sepdar at ort °4B5HY F*@% gg@%@ﬁf@FmPﬂg$? *contain screens,
filters, centrifuge unlts or other cell and tissue separating
devices as,well|l _as . acid and basic solutions to nodify the collected
tissue. Tht tisshhei ipsmept ofplaim Lo furkigr omPpHsing e canqsm%alhf orienged cutting tool.

centrifuge, m xi ng chanber, settling chanber, conduit, and the |iKke.

The Zﬁ/stem may have an appli cator for the i npl antation of collected
skel étdal t¥-ssue. Thekinstemegnt of slaim 4rahersin theropttingetgok isondrll it, bur, grindére raspof

sites, suc,tgaﬁ& ﬁ f bone, cranium sternum tibia, or the
i ke. b mgchg%lb a'hUe a centrifuge may be used to fractionate

the harvested ti ssue and rermve _
6. The instrument of claim 4 wherein the cutting tool is a drill bit.

20 7. The instrument of claim 4 wherein the cutting tool is fitted with an adjustable stop.

8. The instrument of claim 6 wherein the drill bit has a tip with a first side and a second
side, the first side having a straight cutting edge, and the second side having a row of grinding
teeth, |

25
9. The instrument of claim 4 further comprising means for rotating the cutting tool.

10. The instrument of claim 9 wherein the means for rotating the cutting tool is an external
motor.

30
11. The instrument of claim 1 or 2 further compﬁsing a dual plunger.

12. The instrument of claim 1 or 2 wherein the tip further comprises a tooth.

This Sheet Has Been Replaced ITH S S HEET HAS o
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-
red and/or white blood cells; or harvested tissue may be chem cally washed
shweepeavparenptl 1 | 1111 o op=pvomvey ety e
and cells while naintai Mi ty. 30 Processi ng may i ncl ude
steps to enhance the bone for ri nd pdtehtial of said bone cuttings not

limted to filterinﬂ rinsing wwth water, 2grinding of said bPo(gﬁ'ﬁ%%?l ngs,
8

‘washing with Y0 ,%5/16 sol utions, and washing with basic s 25

WD 97/ 16118 _

PCT/ US96/ 03375  The instrument of claim 1 or 2 wherein the tip is a spherical tip. 19
Processed ti ssue conponents can be conbi ned or sent separately to the site
of i npl antation through a valve (408) to an encapsul ation nozzle
(410) wherej4an engeRsdthiiht of claim 1 052 Whefdn Helipis aRWivel kip! YSi ne, col I agen,
pol ylactic acid, polyglycolic acid, nethylcelldl ose, gl ycerol,

sal i ne, cal ci um phosphate, or cal ci um carbonate from an encapsul ant

reservgir (409) . C omyi ne 1 th e tissue., Encapsul ant wi.th
ti ssueg( 412) " or t%géﬂsem’gfeghgﬁt‘f%‘“nt h‘é}nﬁlb crein m cotlfggtbqni %mgf:r 87180'{'@15\?5 a
def ect sit emssing foranessiing eolimpe. (411). A positive displacenment punp '
(406) provides the positive pressure to nove the material through the

processing stage and to the inplant site. 10 o
Cancel | ous fgone IThe Cigkthunidn€ bfadldm 15 eglierdif Sthé aBil€btivn Whhubére RasPh QfinshipéR gnd
IS resistant to infection. In conparison with solid bone grafts,

parti cul at drasplugent wall apd thegagaps fop mepsuging volume includes p ¥plumetic ragrkingoa the wall.
advantjgges. Further advantages of fresh autograft bone chips or particles
i ncl U(}e; hi gh graft surface area facilitating vascul arization and

renodel i ng,17heal Thg instruingnt of claim 1lowhenein she eolleétion| chaphentfurtbercoinprisesiy meany

si mul t aneo QL the entire defect, 15 Irregul arly shaped
defects ca#ﬁt}ée#ﬁ %gmr?r@reé conpletely with contact between host site and

18. The instrument of claim 3 further comprising a wiper bushing and wherein the tip, the
15 collection chamber, and the wiper bushing are fabricated as one unit.

19. The instrument of claim 1 or 2 wherein the tip and the collection chamber are fabricated

as one unit.

20 20. The instrument of claim 2 further comprising a wiper and a wiper bushing, and wherein

the cap, wiper and wiper bushing are fabricated as one unit.

21. The instrument of claim 3 wherein the wiper has a flexible protrusion for wiping a
cutting tool.

25
22, The instrument of claim 3 wherein the wiper has a rigid protrusion for wiping a cutting

tool, the protrusion contouring to a flute of a cutting tool.

23. The instrument of claim 1 or 2 further comprising a finger for wiping a cutting tool, the
30 finger being located near the junction of the tip and the collection chamber.

24, Cuttings obtained by a process of using the instrument of claim 4 wherein the cutting
tool has a tip with a first side and a second side, the first side having a straight cutting edge, and



graft tissues closer and nore extensive, and only a small surgical access

I s necessary to fill a e cavity defect. Furthernore, bone
cells within cancell ous“mmmmmml al placed in contact with
a well-vascul ari zed reci pi eht bed wsl | *survive, and storage of harvested
cancel | ous bepsefRiAri @l in normal salinedensures cell survipgghsedhsbize 95%
- to 100% range 20 even after a working tine of up to four hours (Marx R
. et al. J. Oal Surg. 37. 712-718, 1979). An aspect
of . t he i nvéhe seoond side having @ row of grinding teeth. descri bed ti ssue transpl ant

- system conbined with the addition-of gromh factors and matri x
“material to enhance bone wound 25 heal i ng. Addition of such factors and
mat eri al i 25expeTheihstramenttof vlaite 2tvhereis tie @olidctivln ehamber furtheheomyiizeesh opening
skel etal tissue. ucq factors..and material include, for exanple,

transf or mi A GPBGHAD to avacuum ipg., ot 2 and al pha, bone mor phogenet i c
proteis, platelet derived growh factor, epithelial grow h factor,
fibroblast growh factor, vascul ar roeability factor, mtogens, .
mesenchymal®- Themvmatosplagéhmg fomprising an attachment{on prosessing cuttings.
Procurenent of tissue nmay be separated in tine by inplantation into the
donor or into a different recipient. One of skill in the art would
realize, i@71igh# dsill bihhaving atip vithadjrstiside and a second side,gbe firse side havingre straigliton

of Lhe pr e35ithe bA%eahh ik 4hSHA bheihg £rdiPbY Gbldit] GegM one patient and

PCT/ URD6/ 03875 | 20
il anted ggto 2,4 ene R Bk Shlin comprising
the instrument of claim 25 fitted with a cutting tool; and

means for moving cuttings to a site of implantation.
15 29. The materials transplant system of claim 28 wherein the system is sterile.

30. The materials transplant system of claim 28 wherein the materials are tissue cuttings and

the system further comprises means for processing tissue cuttings.

20 31. The materials transplant system of claim 30 wherein means for processing tissue cuttings

comprises an encapsulation nozzle.

32. Use of the materials transpiant system of claim 29 for aseptically transplanting skeletal
tissue from a first site to a second site.

25
33. Use of the materials transplant system of claim 32 wherein the skeletal tissue is
processed before implanting at the sccond site.

34. Use of the materials transplant system of claim 33 wherein the processing is washing,
30 grinding, filtering, separating, acid addition, base addition, encapsulant addition, pharmaceutical

addition, or growth factor addition.

35. Use of the materials transplant system of claim 32 wherein the first site and the second



In the operation of the invention, dr|II|ng of skeletal tissue for

(r)(raal or maxil | of aci al ”!m!, wlﬂMWHML| ates, screws, 5 or rods is

perfor med using aseptic techni que The dril | cutti ngs are comonly

di scarded; wth use of the presenp9invention, the dr gs
are col | ect ed™16YE pe pl aced around the |rrpl ant t %%%#E
anchor the inplant and facilitate healing. The invention is used in

conj unct i onsjteiatd wRRINGHe stibjeétl bits and drill notors. 10 The
met hod i nvol ves aseptic collection and transfer of bone cuttings and/or
mar r ow consti tuent s for imediate transplantation. Tissue collected
fromuse ofsg he megq ent of BRI UTENY 1Bf %néiﬁénfammg%%saé metal, a
invention is cortica cancel I o one conbined wt

tissues anobetdrmgobrtmmlymgrm a paste-like graft materi aI . This mat er| aI has
past e- i ke handl i ng properties, high surface area, and a generally
open sfructure. These features of the 15 nmet hods of the present

invention f3cili tUseof trniditrungent oiclaim 4far zelléction ofauitigs of bower thetal ca/ceckamia, or
bone-i nducti vq scaffol di ng for enhancenment of healing of a surgical site.

In practicé® ®Ireferred embodiment, a drill bit (150) is inserted

t hrough the cap (140), w per bushi ng (120), drill w per (130),

col | ection chanber (11@%‘2t and tip (100) Rotatign of the drill bit
(150) cuts one. Usenef t‘i‘%‘!@}?e’(‘twg)cladﬁne"’cfﬂ‘if ¢allegtion Oh;yHings ig, | microgravity

flute j90170)enlifodriéntt i P (100). Continued rotation of the drill bit (150)
causes trané‘l ation of the - bone cuttings (195) up the inner bore of
the tip (100). Bone cuttings (195) t hat have noved up the tip (100)
and into t col | t E@Hp il wherd fistiirhdn S (170) and
col | ect inrﬁhe co ectl o]?l C aﬁ%g &%%6&25‘6’% H1t,§J't]| ngs rtlta?gaglulf'1l.|E ﬁg inth

drill tip (10, 100) can 25 be pulled into the collection chamber (20
110) through, drill bit, translati an utt.l ining in the
drill fluteS- (17 é’fé“?'@%ﬁ%ﬁ‘tt??glm'? p%f Ingiement i Jiray centri pet al
force,ls suction, or the drill V\,i per (130). The

G111 W Dot (190}, L P T Vil BB oR0) 21 00 115

42. Use of the instrument of claim 4 wherein the cuttings are bone tissue cuttings.

20 43. Use of the instrument of claim 39 for aseptically transplanting skeletal tissue from a first

site to a second site.

44, Use of the instrument of claim 41 for aseptically transplanting skeletal tissue from a first
site to a second site.

25
45. Use of the instrument of claim 26 wherein the cuttings are processed.

46. Use of the instrument of claim 45 wherein the processing is washing, grinding, filtering,
separating, acid addition, base addition, encapsulant addition, pharmaceutical addition, or growth
30 factor addition.

47. Use of the instrument of claim 43 wherein the first site and the second site are within

one subject.



30 axis with the drill bit (150). The fliite wiper (160) of the drill

W p . —esi-dual-
bone cuttings that have not collected in the collection chanber
(110). The drill w per (130) turns with the drill bit when it is rotated
along its lon axis or when the drill bit is translated throu%p t he
tip (100), col VASMM8chanber (110) and drill PCT/US96/038
W97/ 16118 E

PCT/-US96/ 03875 ' 21

w per (130). The tip (100) is connected to the tissue

col I ecti on chanber body (110). The col | &4 i on chanmber (110)

connects to the w per bushing (120) which serves as a bearing surface and
5 guide for the drill w per (130). The drill w per (130) rotates freely

in the w per bushing (120) and is confined by the cap (140) which
is connected to the wi per bushing (120) e tip (100), collection
chanmber (110) and wi per bushing (120) cpn e conbined into one part

and fabricated as a di sposabl e instrunmept. 10 The surgica
instrunment is used with conventional sufgidal drill bits. Adrill bit of

t he appropriate dianeter, flute]lerfgth and overall length is
inserted into the appropriate nodel of the surgical instrunent from

the cap end. The instrument is held in pne]hand and H Otip

positioned on bone at the point of dril}ind. As bone 'is¥drilled, bone and
[or marrow tissue fragments are| carjried up the flutes of the dril
bit, through the tip and passively fall]frgmthe

30

-1"1

—20

10

106

Fig. 1



15 qutes into the collection chanber. The drill bit can extend beyond

t he' tip—of—t-he—tnstrument— ————dp—t-o—about—3—b—+nehes—and—the—
instrument may be noved in an arc notion so as to harvest tissue
froma cone-shaped area of the bone. Wien the drill bit is translated

| ongi t udi nal | away from bone within the instrument ip_and out of
thegtl p, rot a%/."}‘.‘@”é’éﬂ on fﬁrther acts to di spl ace mat E?F'HF%f%PW%
flutes into the collection chanber, and in an enbodi nent having a 20

wi per, nmovenent of the drill bit through the w per serves to displace
material into the col I ecti on chanber. The
description of the enbodi ments and thei 2/®peration is given not to limt

t he design and scope of the invention but to broaden the description
of the invention to include any 25 met hod or device that uses a surglcal
instrunment of the present invention and achieves the goal of
harvesting and processing of bone or marrow ti ssue for the purpose of
transpl antati on. Even though the invention has been
described with a certain degree of partlcularlty, it i s evident that
many alternatives, nodifications, x WM || be apparent to those
30 skilled in the art in Ilght q fonegoi hg discl osure. Accordingly,
it is intended that all such al ter nqt i ve5—r0@Qf i cations, and
variations which fall within the sp'rltland|the scope of the

i nvention be enbraced by the defi neg—etsg WD 97/ 16118
PCT/ US96/ 03875 L 22

—20

10

106

Fig. 2



The follomnng exanple is included to denonstrate a preferred enbodi nent of
t he aventi-on—tt—shoul d -be—appresciated—by—those—of—ski-td—n-the -art
that the techni ques disclosed in t he exanpl e represent techni ques

di scovered by the inventor to function well in the practice of t he
invention, and thus can be considered to constitute preferred nodes for its
practice. 5 WOSHIIEE those of skill in the art should, inRGTHPOR$E™S he
present disclosure, appreciate that : many changes can be nade in the
speci fic enbodi nents which are disclosed and still obtain a i ke or
simlar result without departing from3M spirit and scope of the invention
EXAMPLE 1 10 Col l ection of Skeleta

Ti ssue A surgical instrunent accordfyg to the present

invention was built and tested in a cadayer/ and in living aninals.
The device was used with a conventional drill in fresh cadaver
fenoral bones. Bone cuttings were collected fALYowW no few revol uti ons of
the drill bit. Cuttings noved up the #te within the confines of
the tip. Cuttings exited the flume-cnce—abrly/ t hey passed the tip and
entered the collection chanber. The mhly_dérlor of cortical bone was
seen through the coll ection chanber ;ﬁﬁggu:=- ancej4gpus chips were coated
with a snall guantity ghabloo .r.-,.272 i nch hol es of
approxi mately 2 cm depth werd ,o‘g W Zaegn 138w hol e the
col | ection chamber continued to fid & g t12Qy of osseous tissue
collected in the chanber qU|ckIy‘-cf" d t he V|eM/o; he drill. 20
VWhile drilling, the flutes were@ .,fm’o retain sone o the cuttings. To
test the per f or mance of ‘ﬂ' ute w per, trmaﬁglll bit was
wi t hdrawn. Wen renoved fpem rg' el Ce, t he utes were noted to
be clear of cuttings and//dRBNIi ngzTETE STE 1183 into the
col I ection chamber. The /ASNAANIGN e potatimg—wper19bs smooth and did not
cause the bit to 25 LM S i et roraval . At the desired
drill depth, the bit otr'f?‘;';‘-,‘% ""“;L’,}'"‘*"f"-’ in and pulled out to

i Un AT AT -
col l ect additional oss-t;@z;*ff+y;;154, the margins of the drill hole, or to
punp bl ood into the col fggﬂwéﬂyﬁgbqﬁhl)H- mas henorrhaging into the site.

Use of a vacuum :35513,16 . o e could facilitate
col l ection of nore bl ood NITLiAlical ly advant ageous. Once drilling
was conpleted, the drill bit was W thddgwn for the final tinme. 30

I n one enmbodi nent of the invention, the cap and wkper bearing are
fabricated as one CMqlf>




unit, and this unit may be renoved together with the rotating flute w per.
The -coldection shanber—anrd—tip—also—ay—be-fabricated—as—ene—piece.
A plunger assenbly will connect to the col | ecti on chanber and
facilitate clearing of the harvested osseous tissue fromthe device. This
WD 97/ 16118

PCT/ US96/ 03875W0 97716118 PCT/US96/§3875
pl unger assenbly woul d all ow harvest ed osseous tissue to be forced fromthe
col I-rection chanber through the tip to facilitate application to a
site of injury, fusion, or inplantation. Wth plunger assenbly
attached, the device allows placenent of collected osseous tissue and
bl ood. 5 Fol l owi ng col l ecti qpg the collection chanber was
enptied of osseous tissue. The osseous tissue was noted to consi st
of coarse cuttings wth varied di nensions of approxinmately 0.5 mm X
4 M X 8 mm Bl ood coated the cutting BQUEVer{ 40P free liquid was present
in the coll ection chanber. 10 Ti ssue was eval uated for
vol une and the val ues were conpared e etical val ues based on
t he di nensions of the drill hole; tigSd al so eval uated for wei ght and
t hose val ues were conpared to theoreticgl<2eight whi ch was
cal cul ated using the density of the Z40n :% gnent multiplied by the
volune of the drill hole. The tissue $#Z1¢Fti on data are 15 provi ded for
vol unme conparisons in Table 1,18 BT ght conparisons in Table 2.

120

110

100

106

Fig. 4a

180




WO 97/ 16118

PCT/US96/038758 24
Tabl e 1: Tissue Collection Conparison By Vblune Sanpl e Nunber
Harvested Tissue Theoretical Tissue Harvested Tissue

Vol une (cc Vol une (cc as a % of

Theoret | cal wosmeis (€9 03051 0. 65 PCT/USSGI038TY 65
100 5 103952 0. 62 0. 60

103 103953 0. 60 0.54

111 103954 5/9 (.58 0.53

109 103955 0. 56 0. 58

97 103956 0. 59 0. 60

98 10 103957 g.GO 0.61

98 928951 . 80 0.71

112 928952 0.31 0. 30

103 - : 928953 0. 26 0. 26

100 928953 0. 29 0. 30

96 15 102951 2.4 2.6

93 Tabl e 2:] T | 1 24{0 on Conpari son By

Wi ght 20 Sanpl e Nunber Har yest ed Ti ssue Theoretical Tissue
Theoretical Tissue Harvested Tissue

230

220

210 200
Fig. Sa

230
220

210 200

Fig. 5b



Véighf (grams) Wi ght (gramns) as a % of

Theoreti cal 1033951 b5 698
56 103952 0.54 0.93

58 103953 0.53 0. 88

60 103954 0. 50 0. 85

59 25 WO 977161181 03955 0. 49 PET/AI896/03875
58 103956 0. 50 0. 89

56. 103957 0.54 0.91

59 102951 36/9 3.1

100 30 The surgical -instrument was used in a living animal in
both iliac crest and proxi nal tibial metaphysis sites. Two hol es
were drilled in each | ocation. The observations nmade during the
drilling of fresh cadaver bone and the sites in ths l'ive ani mal were
consi stent. Gsseous tissue cd{ﬂection a5 chi eved with the bone

Blood in the collection
Jjree |iggd. The two 35
f bone. The two

cuttings having a light coating of blood:

drill holes in the tibi
drill holes in the :
bone.
of the present injqg
PCT/ US96/ 03875
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25 straightforward to use and allows collection of vital osseous

t i ssue—f-or—placerpit—at—ah—i-Ri-ured —S+t-o—WH-h—+the—dse—eof—ths—
device, a hole drilled in bone to fasten an inplant aor place a screw

can be a source of highly inductive tissue capable of enhancing the healing

response of bone, filling |arge bone defects, or facilitating fusion
of unstable orWQ%SURy joints. 5 Al of the m@&" ns
and net hods di scl osed and cl ai mred herein can be nmade and execut ed

Wi t hout undue experinmentation in light of the present disclosure. Wile the
conpositions and nethods of this invention have been described in terns of

preferred enbodi nents, it wll b&9%9pparent to those of skill in the
art that variations may be applied to 10 t he conposition, nethods and in
the steps or in the sequence of steps of the nethod descri bed her ei n
wi t hout departing fromthe concept, spirit and scope of the invention. Mre
specifically, it will be apparent that certain agents which are both

chem cally and physi ol ogically related may be substituted for the
agents described herein while the sane or simlar results would be

achieved. Al such simlar substitutes and nodifications apparent to 15
those skilled in the art are deened to be within the spirit, scope and
concept of the invention as def isree~by t he appended cl ai ns.
26 CLAIMS: 1. An instrunent for colli%éruw—uf—tuttiﬁﬁﬂl conpri si ng:

N

atip having a bore for fitting to &I iAl T0obl having a flute, wherein

when fitted with a cutti t ol having a flute, the tip and
the flute forman encl osed channel ; and
4+— 510

) .
520
T T[T 530
20
>
540
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Fig. 7



a coIIectlon chanber attachable to the t|p for coIIectlng and hol di ng

and translatlon SO as to channel puII, or fllng cuttlngs for accunulatlon
in the collection chanber. 2. The instrument of claim1 further
conprising a cap attachable to the collection chanber, the cap adapt ed
for'use with av@JT49M tool. 3. The instrument of claim 1%5F &??P'f
conprising a w per. 4. The instrunent of claiml or 2 further conpr|5|ng
a concentrically oriented cutting tool. 5. The instrunent of claim4
wherein the cutting tool is a drill bit, bur, grinder, rasp, r eaner,
mlling cutter, or a hole saw. 6. The (%strunent of claim4 wherein the
cutting tool is a drill bit 7. The instrunent of claim4 wherein the
cutting tool is fitted with an adjustable stop. 8. The instrunent of
claim®6 wherein the drill bit has atip with a first side and a second
side, the first side having a straight cutting edge, and the second side
havi ng a row of grinding teeth 9. The instrunent of claim4 further
conprising nmeans for rotating the cutting tool 10. The instrument of claim
9 wherein the neans for rotating the cutting tool is an external

notor. 11. The instrunment of claiml1l or 2 further conprising a dual
plunger. 12. The instrument of claiml or 2 wherein the tip further
conprises a tooth.
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+— 310

—— 520

530 530

Fig. 8
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PCF/1USQ6/,03375 13 Thetnstriment of claim-1 or 2 wherein-the

tip is a spherical tip. 14. The instrunent of claiml or 2
wherein the tip is a swivel tip. 5 15. The instrunent of claiml
or 2 wherein the collection chanber further conprises a neans for
nmeasuri ng vol UN@97/16118 16. The instrunment of claim FSTHINEET ¢ he
col | ecti on chanber has a transparent or transl ucent wall and the
means for measuring volume includes a volunetric marking on the wall. 10
17. The instrunent of claim 11l wherein the collection chanber further
conpri ses a means for measuring34®l une. 18. The
instrunment of claim3 further conprising a w per bushing and wherein the
tip, the 15 col | ection chanber, and the w per bushing are fabricated as
one unit. 19. The instrune t1@f claiml or 2 wherein the tip
and the collection chanber are fabricat

w—{ )
Fig. 9a
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A e e e

as.one, unit. 20 20. The instrument of claim2 furt hg ipsimng. - A
w per and a wi per bushing, and wherein the cap, w pech &Jﬂ 387 ~

bushi.ng are fabricated as one unit. - 21, The i t of: b .t
3 wherein the wiper has a flexible protrusion for w ping gﬁmms cut ﬁtn%’
tool. 25 . - 22 The instrunent of c#aim 3 wherein the w per has a
ri.gid protrusion for wiping a cutting tool, the protrusion

ar I f I, . : '
ciaim1 of 2t urkhEnbedmet & fns ittt orther camprise %cep arerfapie G (e Slleerds
finger bei %ﬁaﬂx@&?iﬂ%%aﬁ‘iﬁi%%&‘?oﬂd&@%ﬂﬁ‘aﬁfinﬂé {Lt B *aduptdd for ase {vﬁﬁfaie%&ing tool"

chanber . ttings obtal ned by a process of using the

i nst runment infeantathat thevdaprserves aha autting topl guide, and fiwtheh oy sexvieras\a cutting tool
le(r;t _;lngeland 8(?1 R%%Sr;‘%y | de,a,t hegc;rl St & gle havwaq,i%ms;yrhaa{,ggtﬁ gh‘lttl e ont
PCT/ US98/ 03Sr/mixing contents &f¥ie 3ReHtent WiHtR cliftifigh th the cOlléctibn GhdmiliérNg teet h.

- In another embodiment of the present invention, the instrument may further comprise a
wiper for wiping a cutting tool. The wiper may have a flexible or rigid protrusion, and may be
fittable into a wiper bushing that is attachable to the collection chamber or to the cap. The
protrusion for wiping a cutting tool may be flexible so as to contour to the cutting tool

10  surface, such as a wire, a bristle, or a brush; or the protrusion may be rigid and formed to
3 matchingly fit or contour to a flute or cross-sectional outline of a drill bit. The protrusion for
wiping a cutting tool may further consist of a finger that runs against the outside of the cutting

tool to clear material and may be I « sted near the junction of the tip and collection chamber.

Aspects of the further embodiments of the invention that contribute to accumulation of

15  cuttings in the collection chamber include the use of a wiper as herein described and use of
suction from a vacuum line, for example. These aspects add the actions of wiping and sucking

to the previously described actions of channeling, pulling, and flinging as means by which the
present invention provides for the collection of cuttings resulting from the use of cutting tools.

The tip of the instrument may further comprise a tooth or a plurality of teeth for
20 eliminating slippage on a cutting surface. The tip may be a spherical tip or a swivel tip.

Q

In a preferred embodiment of the invention, the instrument further comprises a
concentrically oriented cutting tool. By "cutting tool” is meant a tool having a flute such as a
drill bit, bur, grinder, rasp, reamer, milling cutter, and the like, such as a hole saw. By
"concentrically oriented” is meant that the tool fits into the body of the instrument so as to be

25  substantially centered within the instrument. The cutting tool may be fitted with an adjustable
stop, preferably with a calibrated adjustable s_top.
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25,  The instrunent

c-Ia|m2 V\:hl’ in tthe collection cha«‘r hgr
conprises an openingi \ g7 JAN)19990 ngction to a vacuumlin mqqé ?03875
26, . ‘The.instrument bf claim1l or-P rther conprising an BW(U‘&TEHT ¥ MAY 1997
processing cuttings. . drill bit having a tip with a first
side and a second si adidng a strai ght cutti ng

edge, and the second e*r“d‘é"‘ﬁ‘é'\'/—l“ng'a row of grinding teeth.

A ! Sl SR i T g9 s ol 70l S T 8
cuttings t QeposifelCinf thé"RbA&iBhi Mamber {F10) wheiPthe cutfiig taa! ¥ rétcved from the

transpl ant systemof claim 28 wherein the systemis steril

The nat eri dtstrumeat s JUsenof sywipernadds a|fithipaessh¢hasi of mgmoeuhedtesemrdsscnbed
br 06551 ng PIFGSYR ¢, chamgtig, P ”hinging and Cﬁ&%ﬁﬁss{&e Aive friently, and
o Shen o Qe O bl B 4 i 5890 S o oy oAV 107
system of sleh as Qﬂnﬂd_ut (a5e) thewipey (1303600, 620, 640) mh)ebeﬂeﬁgned so as totfitintocthe
o 1 By el B B 00,00 550 40 Bl el
processed Bgd Qitfing 16V124Hd M8y Rdveld ProtriisioR ¢160, 610, 630, 650) in its bore that reaches into
the flutes (230) of a cutting tool to wipe the flutes of cuttings when the cutting tool is pulled
10 through the wiper. The wiper (130, 600, 620, 640) is free to rotate within the collection
—~ . chamber or an adjacent bearing housing, during cutting tool rotation or translation through the
~’ instrument. In an embodiment having a wiper designed for a drill bit, a drill wiper (130, 600,
620, 640) turns with the drill bit (150) and allows drill bit (150) translation. The drill wiper
(130, 600, 620, 640) runs on an inner bore and is contained within a wiper bushing (120). The
15  drill flute wiper pfotrudes into the flutes of the drill bit to clear the flutes of bone cuttings and
blood; the wiper rotates within the collection chamber during drill bit rotation and translation

within the collection chamber.

Protrusions may be lobes (610, 650), hairs, wires, brushes (630), or threadlike
projections (630). A wiper (620) may be adapted to a tapered cutting tool. In one wiper
.20 embodiment (620) the projections (630) are like the spokes on a wheel and flexible for
~ adaptation to tapered reamers with one or more flutes. This wiper (620) turns in the housing
so as to minimize rotational action of the bit against the spoke-like protrusions (630), while
allowing translation and wiping of tapered fluted bits or reamers. A reamer wiper (640) with

irregular flute-shaped protrusions (650) can be used with the instrument.

25 Cutting tools may also be tools, such as a hole saw. Cylindrical saws having a bore and
cutting teeth on ohe end are used to core material while cutting a round hole. In an alternate
embodiment adapted for a hole saw, cut material moves up the bore of the saw until it enters a
section of the saw bore that has a greater internal diameter than at the tip of the saw bore,
where it accumulates in a collection chamber. In this embodiment, the collection chamber

30 turns with the saw and inside a stationary housing. The instrument would have a tip and a

housing similar to the collection chamber of the preferred embodiment.

THIS SHEET HAS BEEN
REPLACED




34] . Wse of twg g‘ ials transpljant.:: S1¥S|t tem of clai mieMMd& b & IUBj 87 )
rocessing is ndi n iltering;, separ aFi
: ° !ﬁﬁ ﬂm u&uﬂlﬂ ant g.ddl 5& on, pﬁar mgeuw 52 JUE 1997

addi ti on, base A
addition, or growh factor addi'ti on. Use of the materials

transpl ant system of clai m32 wherein the first S|te and the second

WD 97/ 16118 CLAIMS: :
PCT/ US96/ 03875 site are within one subject 36. Use of

t he instrunent. of Aginstrament fogcoliecioprof cwtings,comprising® cutti ngs of bone, netal,
a ceram c, I t of
claim4 for coll ec{)‘li%nv%%%l ngtgn%? %g&t%aw@ﬁgﬁ%&ﬁwﬁ&%m

pol yner . 38. a cuttingdood haxiiga fluts, thetip add thé flute form anjenklosedcchiatnet;t | on
of cuttings in a m cro%@vi ty 10 envi ronment .

a collection chamber attachable to the tip for collecting and holding cuttings;
wherein when in use, the instrument allows cutting tool rotation and translstion so as to
channel, pull, or fling cuttings for accumniation in the collection chamber.

2. The instrument of claim 1 further comprising a cap attachable to the collection
chamber, the cap sdapted for use with a cutting tool.

3.  The instrument of claim 1 or 2 further comprising a wiper.

4.  The instrument of claim 1 or 2 further comprising a concentrically oriented cutting tool.

./

S. The instrument of claim 4 wherein the cutting tool is a drill bit, bur, grinder, rasp,
reamer, milling cutter, or a hole saw.

6.  The instrument of claim 4 wherein the cutting tool is a drill bit.

7.  The instrument of claim 4 wherein the cutting tool is fitted with an adjustable stop.

8.  The instrument of claim 6 wherein the drill bit has a tip with a first side and 2.second
side, the first side having a straight cutting edge, and the second side having a row of

9.  The instrument of claim 4 further comprising means for rotating the cutting tool.

10. The instrument of claim 9 wherein the means for rotating the cutting tool is an external

n_lowr.
11. The instrument of claim 1 or 2 further comprising a dual plunger.

12. Theinstrument of claim 1 or 2 wherein the tip further comprises a tooth.
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yposs
£39% Use of the |nstrurrent of cIa| m1l or 2 wherein theP&Eﬁ.ﬂlﬁﬁm i's kR?‘j

sterile. E 40. Use of the instrument of claim4 gr'ern the 1997
instrunment is sterile. 15 41. Use of the instru “of ¢l ai 'm'f
wherein the instrunent is sterile. 14 42. Use of t e mstrurrent of

claim4 wherein the cuttings are bone tissue cuttings.

of the inst ‘WPEQ of cl 39 for asept I transpl anti ng skel e@@’ﬁts
froma fi rs%' b) 18 pr%'f‘&%im't% “&P@%E‘Eﬁﬂgssd *?& Lrgm a tool (170} gausing the guttingst Y g e

i nstrument &’éao‘}ﬁe?i' e tnd %ll&ﬁﬁrptscfxi&géérg(s%)a%% Qﬁ%%ﬂ@i@ ktﬁslgﬁgéen{oke;txs 48nd M 2

first te to a secon
i nstrunment mstm,m'mtm Use mﬁervaper adus tﬁﬁhimg@sartbatpommmdo the herein descAlfied
Use of the instrunent  of i m 45 er.ei n the oceSS| ng i s was

o o o PRBRBER coblncing Bl MChes SR SRt i POt e and

encapsul sant c@ﬂﬂéﬂeiy%a: Rh%fi%g?%?&ﬂé Ry k6N Wikn :ﬂé %H 31 » E%{e%s%) ,
addi ti on. e of the 1 nStrunent of %n \%%erelnt e
first site sued Jﬁhedrﬂlehmﬁdoklthewiyee(lwﬂt B0Q; 620, 640) 'nayrbe dmgxpsdcio. 1s to fit into the

flutes (230) of the cutting tool. The wiper (130, 600, 620, 640) is concentrically oriented with

the cutting tool, and may have a protrusion (160, 610, 630, 650) in its bore that reaches into

the flutes (230) of a cutting tooi to wipe the flutes of cuttings when the cutting tool is pulled

10 thrcugh the wiper. The wipe'r.(l.“:o, 600, 620, 640) is free to rotate within the collection

—~ chamber or an adjacent bearing housing, during cutting tool rotation or translation through the
AR instrument. In an embodiment having a wiper designed for a drill bit, a drill wiper (130, 600,
620, 640) turns with the drill bi.t' (150) and allows drill bit (150) translation. The drill wiper

(130, 600, 620, 640) runs on an inner bore and is contained within a wiper bushing (120). The

15  drill flute wiper protrudes into the flutes of the drill bit to clear the flutes of bone cuttings and

blood; the wiper rotates within the collection chamber during drill bit rotation and translation
within the collection chamber.

Protrusions may be lobes (610, 650), hairs, wires, brushes (630), or threadlike
projections (630). A wiper (620) may be adapted to a tapered cutting tool. In one wiper
20 embodiment (620) the projections (630) are like the spokes onh a wheel and flexible for

@)

adaptation to tapered reamers with one or more flutes. This wiper (620) turns in the housing
o0 as to minimize rotational action of the bit against the spoke-like protrusions (630), while
allowing translation and wiping of tapered fluted bits or reamers. A reamer wiper (640) with
irregular flute-shaped protrusions (650) can be used with the instrument.

25 Cutting tools may also be tools, such as a hole saw. Cylindrical saws having a bore and
cutting teeth on one end are used to core material while cutting a roﬁnd hole. In an alternate
embodiment adapted for a hole saw, cut material moves up the bore of the saw until it enters a
section of the saw bore that has a greater internal diameter than at the tip of the saw bore,
where it accumulates in a collection chamber. In this embodinient, the collection chamber

30  turns with the saw and inside a stationary housing. The instrument would have a tip and a

housing similar to the collection chamber of the preferred embodiment
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(54) Title: MATERIALS COLLECTION SYSTEM AND USES THEREOF

(57) Abstract

The present invention relates
to instrumentation and uses thereof
for collection of cuttings from cut-
ting tools. Cultings may be from
precious metals, toxic or hazardous
substances, or from living tissue
such as bone. In a particular embod-
iment of collecting bone cuttings,
the present invention includes in-
strumentation used with a drill bit so
that bone cuttings (195) are asepti-
cally collected in a collection cham-
ber (110) for subsequent transplan-
tation purposes. When in use, mar-
row and bone cuttings (195) are
drawn into the flutes (170) of a drill
bit (150), carried up the bore of the
instrument tip (100) and collect in
the collection chamber (110). The
flutes of the drill bit (150) can be
cleared of residual tissue through the
use of a rotating flute wiper (160)
that rotates with the drill bit (150)
when drilling or when the drill bit
(150) is withdrawn from the instru-
ment. In this embodiment, use of
the device allows collection of vi-
tal bone tissue for reconstruction of
bone defects, fractures, or fixation
of orthopaedic or denmtal implants
that contact bone.




