1 Met hod and Apparatus for Intra-articular Injection or
Aspiration Field of the Invention The present invention generally
relates to fluid exchange within a joint. In particular the invention
relates to a nethod and apparatus for, intra-articular 5injection or
aspiration. Background Art Cbteoarthrﬁtls (arthritis) joints result
when the synovial fluid has lost elasticity and viscosity, resulting
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the synovial fluid. Visco supplenentation is a procedur
i nvol ves the injection of gel-Ilike substances (hyal uronates) |nto a

j oi nt torfaiBRIFeAE MyvdtRre! astic and viscous properties of the
synovial fluid. Visco supplenentation restores the shock-absorbing

and lubricating properties of the synovial fluid in, for exanple, an
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patiegts; éﬁla@, irktgree tinmes, 7 days apart, over a 15-day period
(days 1, nd 1 53 To get the best results fromthis therapy, the

heal th care professional may first need to rempve the diseased
ost eoar t iBzckigfomydAYd 2l fluid fromthe knee before the injection
takes place. 20 Conpletion of the full three-injection treatnent
course i s necessary to achieve the greatest benefit. In sone
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synovial fluid fromthe osteoarthritic jOInt shoul d be renoved hefore
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procedure Vol ves: 1. ASSess Initial cohditlon of Patlent or

sui t 48i | invplves F?@:nrpieétmn of geldike supsiarsasn(yalgpnates) into a joint to

supplement the elasiic and viscous properties of the synovial fluid. Visco
supplementation restores the shock-absorbing and lubricating properties of the
synovial fluid in, for example, an arthritic knee joint.

The current procedure requires a health care professional to inject an elastic and

16 viscous fluid that is made from hylans (hyaluronic acid), or equivalent, directly
into a patients knee joint three times, 7 days apart, over a 15-day period (days 1,
8, and 15). To get the best results from this therapy, the health care professional
may first need to remove the diseased osteocarthritic synovial fluid from the knee
bejore the injection takes place.

20 Completion of the full three-injection treatment course is necessary to achieve
the greatest benefit. In some instances five injections may be given.
Additionally removal of the synovial fluid from the osteoarthritic joint should be
removed hefore the new hyaluronic acid is injected. Most patients feel the
greatest pain relief 8 to 12 weeks after beginning treatment.

25  The current procedure involves:

1. Assess initial condition of patient for suitability as recipient of Visco

supplementation.



2. The patient is requested to |lie down; 3. The knee is bent at a
suitabl e angle (approximately 30 degrees); 4. The knee is checked for
the existence of effusion (escape of fluid into a cavity); 55. A
sterile field about the joint is prepared (alcohol + iodine); 6. The
patella (knee cap) is located as a | endmark (see figure 1); 7. The
needle is p05|t|2§5d at the lateral (see figure 3) or nedial side of
t he superi or RitiepHE rpadested o Ifeiing t owards the joint |ine.

8. As the needle insertion point has been determ ned, the needle is

10sl oW y i nseft in the defined area until the ctitjoner feels
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correctly located in the synovi al cavity. Renoval of joint fluid
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correctly | ocat %dcavny);, he synovial cavity and all joint fluid has been
aspirated, the Synovial fluid dosage is injected into the joint
cavity (Synovial fluid is a hyaluronan-containing fluid found in a
jointsthat |ubrifstede fisitiabowtithe jnttis erdpeired Jalccldl Rdsding);ocess
12. 0Once Vi sco suppl enentation has been successfully adm nistered all
consunmabl e conponents are correctly disposed. 3

8. The patella (knee cap) is located as a landmark (see figure 1);

7. The needle is positioned at the lateral (see figure 3) or medial side of
the superior poles of the patella, pointing towards the joint line.

8. As the needle insertion point has been determined, the needle is
10 slowly inserted in the defined area until the practitioner feels the “give”
when entering the synovial cavity;

9. Needle is correctly located in the synovial cavity.
Removal of joint fluid
10.Any joint fluid that is present is aspirated and disposed.
15 Visco supplementation of Synovial fluid

11.0nce the needle is correctly located in the synovial cavity and all joint
fluid has been aspirated, the Synovial fluid dosage is injected into the
joint cavity (Synovial fluid is a hyaluronan-containing fiuid found in a
joint that lubricates and cushions the joint).

20 Post process

12.0nce Visco supplementation has been successfully administered all

consumable components are correctly disposed.



13. The needle is renoved fromthe patient. A barrier to acceptance
of this procedure by health care professionals is the perceived
difficulty in correctly locating the needle in the synovial cavity.
Experienced practitioners develop a proven procedure and "feel" for
the correct 5 | ocation and penetration of the needle. A barrier to

accept ance of 13 ipepcearRdY FéndYedBainttAe patientor of essional s is the
perceived difficulty in correctly locating the needle tip in the

synovi al cavity. In the instance the synovial cavity is not
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aspiration, the apparatus conprises: 25a holl ow piercing nenber
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injection of fluid into or the aspiration of fluids from a joint.

The preceding discussion of the background to the invention is intended only to

16 facilitate an understanding of the present invention. It should be appreciated that
the discussion is not an acknowledgment or admission that any of the material
referred to was part of the common general knowledge as at the priority date of
the application.

It is an object of this invention to provide a medical apparatus and method of
20 using that apparatus that will assist a practitioner in correctly identifying when a
needle tip of the apparatus is located within a patient's cavity.

SUMMARY OF INVENTION

The present invention provides a medical apparatus for an intra-articular
injection or aspiration, the apparatus comprises:

25 a hollow piercing member through which fluid passes at a constant rate,
the piercing member having a first end adapted fo pierce a patient, and a
second end releasably secured to a body;



4 a sensing neans, wherein upon entering a cavity of the patient
fluid is injected into the patient and the sensor neans senses the
change in resistance which results when the first end of the piercing
menber enters the cavity. 5 Preferably the sensing neans is in the
formof a pressure sensor. Preferably the sensing neans conprises a

data | oggi ng y%mg,ﬂggngecords the pressure profile during the
procedure. The presént I nvention provides a nedical apparatus for an

intra-articular injection or aspiration, the apparatus conprises: 10a
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i n resistance a Irst end © e prercing 15nmenber which results
when the first end of the piercing nenber enters the cavity. The
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fluid fl . ' he first end of the piercing nenber. As
the fi rs%&fﬁn%dghﬁé?‘sé é"ﬁ’gg@?{ ity the resistance at the first end wll

decrease, allowing fluid to exit the piercing nmenber nore easily than

when it : iy ; .
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pi er ci ng injectisey ori aspimatiomdhe appanptus comprises:

10 a hollow piercing member through which fiuid may pass, the piercing
member having a first end adapted to pierce a patient, and a second end
releasably secured {o a body;

a sensing means, wherein upon entering a cavity of the patient the sensor
means senses the change in resistance at the first end of the piercing

15 member which results when the first end of the piercing member enters
the cavity.

The piercing member may be in the form of a needle or cannula.

The sensor means may be in the form of a pressure sensor capable of detecting
fluid flow resistance. The sensing means may sense the resistance to fluid flow

20 relative to the first end of the piercing member. As the first end enters the cavity
the resistance at the first end will decrease, allowing fluid to exit the piercing
member more easily than when it is passing through other tissues. The
decrease in resistance provides an indication to an operator that the first end of
the piercing member is in the cavity.

25 In one aspect of the invention the fluid is injected into the patient at a constant
rate.



5 I n anot her aspect of the invention the body incorporates an i nducer
to induce pulses within the apparatus, wherein upon entering a cavity
of the patient the sensor neans senses pulse differentials which
result when the first end of the pierging nmenber enters the cavity.
The inducer may conprise a pulse 5 nechanismfor delivering pulses to
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In this aspect of the invention the pulse nechanis el Fvers force
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the piercing nmenber whilst the piercing nenber is being pushed by the

oper at or .The sensor means may comprise a transducer to measure changes in pressure
20  within the piercing member. Preferably a change in resistance at the first end of
the piercing member is detected by a threshold change in the transducer.

Preferably the sensing means comprises a data logging system that records the
pressure profile during the procedure.

The apparatus may be connected to a display unit which displays the profile and
25 measurements taken from the transducer and therefore identifies to the operator

when the first end of the piercing member enters different regions of the joint.

In another aspect of the invention the sensor is a motion sensor to detect the

difference in the movement of the piercing member as it passes through material

differing in viscosity. The sensor means may amplify the change in reaction
30 force as the first end moves through different tissue.



In one aspect of the invention the pulse nmechanismis in the form of
a mass 5 adapted to nove relative to the body in a forward and back
direction according to the novenent of the apparatus wherein the
novenent of the mass and its inertialgeffects deliver the force

pul ses, inducing the piercing nenber forward. The mass nay be

i ncor por ahéhisWispBttoft the iR@shtion the pulREMEEHEASM TRAGSsTBISISS: B the
reduction _in inertial kickback through the body 10 of the apparatus.
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may be renoved from aced by a syringe. 15
The apparatus nay al so conprise a flushing device to clean the cavity
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be incorporated with the pulse nmechanism The apparatus may al so
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cavity of a patient to alert the operator that the needle is
correctly placed in the synovial cavity. 7 In another aspect of the
i nvent i o herBasemeaybei isceipamiedwitbisribebpdguch as an accel eroneter, to
detect the difference in the novenent of the needle as it passes
through material differing in viscosity. The present invention
further PhSINESr BaARgiraY sapss e deductionrin daetial Weldradkgheovgbithe hady

arti qol at@thd MRFhiQn Or aspiration, the apparatus conprises: a
hol | ow pi erci ng nmenber through which fluid may pass, the piercing

menber having a first end adapted to pierce a patient, and a second
end rel eas apbihe? ApeeUof theif¥@fNon the pulse mechanism induces force pulses

using an eccentrically mounted flywheel.

Preferably the body may be removed from the piercing member and replaced by
a syringe.

16 The apparatus may also comprise a flushing device to clean the cavity into which
the piercing member is inserted. The flushing device may be incorporated with
the pulse mechanism.

The apparatus may also comprise a visual indication which is highlighted when
the sensor means senses that the first end of the piercing member has entered
20  the cavity.

The present invention further provides a needle device that contains a sensor to
detect when a needle has reached a synovial cavity of a patient to alert the
operator that the needle is correctly placed in the synovial cavity.

In one aspect of the invention the sensor is a pressure sensor capable of
25  detecting fluid flow resistance.



a sensing neans, wherein upon entering a cavity of the patient the
sensor 1lOnmeans senses when the first end of the piercing nmenber is in
the cavity. The purpose of this apparatus is to renpbve the deterrent
to wider adoption of the intra-articy ar procedures, such as Visco
Suppl enentation, due to the difficulty in correct insertion of the

dle b . . Y :
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invention_ further provides.a nmethod for accurately positioning a
pi er ci ngpﬂ%%et&ous nﬁ}gﬁq?loqlﬁx?rg}g LDVIREOA: in a knee cavity of a

patient, the nethod utilises an apparatus as above described, the
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poi nt5 anihimzegrtiti@atar infgctiohea@spgatidre thay sppapbtutvenmedse entry point;
attaching the needle to a body incorporating an inducer; inducing a

pul se in the apparatus; 8 inserting the needle slowy into the knee
and noni tori ng hdilewi pidtcirgl methber tidetight whichn dluith eveya pbss, stheepidrairfg t he

dl h I I f._ch ' | se.
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the 5needl e tigesablrsecuiel iGynbodyal cavity; detaching the inducer
fromthe needle; attaching a syringe and di spensing the required
volunme of fluid into the cavity; and

a sensing means, wherein upon entering a cavity of the patient the sensor

10 means senses when the first end of the piercing member is in the cavity.

The purpose of this apparatus is to remove the deterrent to wider adoption of the

intra-articular procedures, such as Visco Supplementation, due to the difficulty in

correct insertion of the needle by less experienced practitioners. The apparatus

includes a device that will address to some degree the needle placement
15 concerns, increasing the popularity of this procedure.

The present invention further provides a method for accurately positioning a
piercing member, in the form of a needle in a knee cavity of a patient, the
method utilises an apparatus as above described, the method comprises the

steps of:
20 positioning the patient and orientating the knee appropriately;
identifying the needle entry point and needle size;
cleaning the area at the needle entry point;
attaching the needle to a body incorporating an inducer;

inducing a puise in the apparatus;



removi ng needl e once the fluid has been di spensed and dress needl e
10entry point if required. The step of determ ning when the first end
of the needle enters the cavity may be observed on a display unit

whi ch di splays the read out fromthe gensor neans in the apparatus.
The nethod may al so conprise the step of flushing the cavity before

i nj i 15 ; ] W f lv f. flushi f the, joi
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cannul a. The above procedure can al so be perforned in relation to
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di spensi ng Sathamges &spilsat i ng waste; The above two steps may need to
be repeated until the joint is flushed. 9 The nethod of flushing the
joint may first conprise the step of aspirating any effusion. The
present i nverdispensing a serallprobwihded sensieg Hivitl fooopat Bynatiall cavity as the

posi t oni ng i I in,the formof a needle in a knee
cavi t§ of a Ena%dg%ﬁ& gﬁ‘ﬁg;@%%{“ﬁéﬁ' ﬁ?Y’Wi’ses an apparatus as above

descri bed, the nethod conprises the steps of: positioning the patient

and orient at‘d(}lﬂaé%m%ﬁ?@&?&r%m tn%éﬁle'i dentifying the needle entry
e size, C

poi nt and nee eani ng e ared at the needle entry point;
10i nserting the needle slowy into the knee and causing a fluid to

pass at a attaching a syringe and dispensing the required volume of fluid into the
cavity; and

removing needle once the fluid has been dispensed and dress needle
10 entry point if required.

The step of determining when the first end of the needle enters the cavity may
be observed on a display unit which displays the read out from the sensor
means in the apparatus.

The method may also comprise the step of flushing the cavity before injecting
15 theiluid. Preferably if flushing of the joint is required the piercing member of the
apparatus is in the form of a cannula.

The above procedure can also be performed in relation to joints other than the
knee joint.

The method for flushing the cavity may comprise the steps of:
20 setting the required fluid volumes and dispensing Saline;
aspirating waste;

The above two steps may need to be repeated until the joint is flushed.



constant rate through the needle and into the patient;; measuring and
nonitoring the resistance experienced by the fluid; determ ning when
a first end of the needle enters the cavity as a result of changes in
resistance; 15 The fluid that is thegensing agent, in the sense, it
transmts and conducts the pressure or actually the resistance

changes t r.a [ . ndeof the fluid colu L0 the
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di spensi pffugiosmal | vol unme of sensing fluid to open Synovial cavity as
the 20needle tip enters the Synovial cavity; attaching a syringe and
di spensing the required volunme of fluid into the cavity; and 10 The
present iTheepresemt hvenfieer fyrtheyimeddes reetrutidod dor acauratehepysitioning a

positioning .a piercing nenber, in the formof a needle.in a_.kne
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slowy into the knee and causing a fluid to pass continuously through

the needftePg into the patient; neasuring and nonitoring the
resi stance experienced by the fluid; determ ning when a first end of

the needle enters the cavjty as a result of change in resistance; 10
The present ipﬁ%'ﬂf'ingﬁh? Qﬁl’ﬁ%@héﬂgl@p&i@géh%&@%@p "BP”%'@B’uratel y
positioning a piercing nmenber, in the formof a needle in a knee

cavity of a patient. the nethad uti]ises an apparatus as above

descri bed, th@e%‘&’%we&q’%ﬁ %@9’ ‘PCHB% %’?iﬁ%e(g? S&% connect i ng

the needle to a disposable holder with a transducer 15i ncor por at ed;
cleaning the area at the needie entry point;

10 inserting the needle slowly info the knee and causing a fluid to pass at a
constant rate through the needle and into the patient;;

measuring and monitoring the resistance experienced by the fluid;

determining when a first end of the needle enters the cavity as a result of
changes in resistance;

15  The fluid that is the sensing agent, in the sense, it transmits and conducts the
pressure or actually the resistance changes to the transducer at the end of the
fluid column in the device.

The method may further comprise the steps of:

dispensing a small volume of sensing fluid to open Synovial cavity as the
20 needle tip enters the Synovial cavity;

attaching a syringe and dispensing the required volume of fluid into the
cavity; and

removing needle once the fluid has been dispensed and dress needle
entry point if required.



attaching sem rigid tubing to a syringe and fill with sterile
saline; locating the syringe in the driver and attaching the needle
arrangenent to the other end of the sem rigid tubing; when the
needle is positioned in the tissue cqgmence needl e travel; 20when the
needle is in the cavity disconnecting the needle and continuing with
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under st oatedsyofr ef erence to the foI | om ng description of several

speci fic enbodi ments thereof as shown in the acconpanying drawi ngs in
which: Figure 1 is a schematic of the anatony of a knee joint;

Figuré 2 is dndsrtiok the agpealie efowiy rietoi thel kappadral causing o diuhig id pags

10enbodi nent of t he |n ent i o s,a cross sectional
schermatic of “QTHRYRYSY \“55?) %eaé&ﬂﬁ'ﬁw%‘)a&@fr st enbodi ment ;
Figure 4 is a perspectlve schematic view of figure 3; Figure 5a is a
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determining when a first end of the needle enters the cavity as a resulf of
change in resistance;

10 The present invention further provides a method for accurately positioning a
piercing member, in the form of a needle in a knee cavity of a patient, the
method utilises an apparatus as above described, the method comprises the
steps of:

connecting the needle io a disposable holder with a fransducer
15 incorporated;

attaching semi rigid tubing to a syringe and fill with sterile saline;

locating the syringe in the driver and attaching the needle arrangement to
the other end of the semi rigid tubing;

when the needle is positioned in the tissue commence needle travel;

20 when the needle is in the cavity disconnecting the needle and continuing
with supplementation procedure; and.

disposing of syringe, tubing and transducer.

The apparatus may also include a visual or audible signal to indicate fo the
operator when the needle end has entered the cavity.



apparatus according to a second enbodi nent Figure 6 is a schematic
cross sectional view of a portion of a nedical apparatus according to
a third enbodinent; Figure 7 is a front perspective view of a display
unit; 20Figure 8 is a rear perspectiye view of the display unit in
figure 7; Figure 9 is a cross sectional view of the nedical apparatus

g : : tor . i P ‘
Ehe i spipusemblarb fonfeRAed e pardfOHAE miyod ofn BERERL SelthEg
of the sdieaioncanyt figd diteprayreginintof the dodys ThHzascdphofahid i@ention also

represen I ul.se_response through an 18 gauge needle with
ei t her ngg\éﬁégﬁéﬁﬁﬁeﬁwﬁpn?ull obstruction at 5Hz, 20Hz and 35Hz

respective; S5Figure 13a, 13b and 13c is simlar to figures 12a, 12b

and 12c gl,lfefges%ﬁi%i&éﬁé—gtng@_aég . Figure 14a represents pressure

pul se response 't e needle with full obstruction at
varying frequencies; Figure 14b is simlar to figure 15a but wth no

obst rgct g invkdibA %iﬁ béfﬁoég%lr %ﬁ%@%ﬁi&ﬁf réterePcd RS HEMonBRRY &d&intion

according to a tourt
of several specific embodiments thereof as shown in the accompanying

drawings in which:
Figure 1 is a schematic of the anatomy of a knee joint;

Figure 2 is a block diagram of a medical apparatus according to an
10 embodiment of the invention;

Figure 3 is a cross sectional schematic of a medical apparatus according
to a first embodiment;

Figure 4 is a perspeciive schematic view of figure 3;
Figure 5a is a detailed cross sectional view of figure 4;

15 Figure 5b is a schematic cross sectional view of a portion of a medical
apparatus according to a second embodiment

Figure 6 is a schematic cross sectional view of a portion of a medical
apparatus according to a third embodiment;

Figure 7 is a front perspective view of a display unit;
20 Figure 8 is a rear perspective view of the display unit in figure 7:

Figure 9 is a cross sectional view of the medical apparatus according to
the third embodiment;

Figure 10 is a schematic view of the display unit connected to fluid bags;



Figure 16 is an exanple of a syringe driver which may be used in the
enbodi nents of the invention. Best Mdde(s) for Carrying out the

I nvention 15 Figure 1 is a schematic of the anatony of a knee | oint
8. Referring to figures 1 and 2, theqbnvention according to the first
enbodinent is in the formof a nedical apparatus 11 for perform ng

e s inthe forr _ atus 11 for perfor:
apparat us 11 SRRed g T4 48 shiisT et ORI UBPRRTIR, O The

apparatus 11 conprises a hollow piercing nenber, in the formof a

needl e or 20 g8 42431 %B‘éﬁ’&’gﬁc Y\éﬂr&ébrg% Efééisgré@%lsg n$&hrough an

needl e/ cannul a 13 has a first end 15 a ted to pierc _the skih of a
patient, and d8usterdesdit with eherawahisjrusioueeiliicbstiuctivaat Boiz, 266z

body 19 incor%ﬂﬁ?tﬁrgg %&g{#cer 21 to induce pulses within the
en P he

apparatus 11. irst end 15 of the needl efcannula 13
enters the cavity. Such as the synovial joint cavity 10 shown in

Figure 1. A fig oglt : ; : | H 5 SAEIE I ,
4, and 5a. InF'E |qugnbg%?%@%tﬁ%ﬁéegmlﬁgﬁ%@%?ga’gener%(? gﬁég%tﬁagﬂg
i nducer is a fl@HzeangduWdHdz:and is 5 generated by a mass .25 supported
in the confines of the body 19. The mass 25 is novable in a forward
and rear direction relative to the body 19. Wen activated by the

operation of fli@rpolds repiesenis 2ressive npdse respanseativerth eénotdigaugee

causing force n%bl%%tﬁR"’%%%trﬁ%t%té’?@éﬁ@_g!ﬁg%ne ula 13. The mass 25

is caused to nove as 'a resu I'smcreated within a
solenoid coil 10 21, as best shown in figure 5a, According to a

second enbodi ’ﬁ’%e 1uBes Em'ﬁfﬁ%lﬁg 1E§W%hwﬁwcﬁ&gent rically

mounting a fly Wwheel 29 w as shown i'n figure 5b. In
both the first and second enbodi nents the force pulse is generated by

the 1p Figure 15 is a schematic of a medical apparatus according to a fourth
embodiment; and

Figure 16 is an example of a syringe driver which may be used in the
embodiments of the invention.

Best Mode(s) for Carrying out the Invention

18  Figure 1 is a schematic of the anatomy of a knee joint 8. Referring to figures 1
and 2, the invention according to the first embodiment is in the form of a medical
apparatus 11 for performing Visco supplementation. Figure 2 is a block diagram
of a medical apparatus 11 according to an embodiment of the invention. The
apparatus 11 comprises a hollow piercing member, in the form of a needle or

20 cannula 13 through which a fluid may pass. The needle/cannula 13 has a first
end 15 adapted to pierce the skin of a patient, and a second end 17 releasably
secured to a body 19. The body 19 incorporates an inducer 21 to induce pulses

within the apparatus 11.

The apparatus 11 also comprises a sensing means 23 wherein upon entering a

25  jeavity of the patient the sensor means 23 senses pulse differentials which result



inertia effects O the mass 25 and fl ywheel 29 respectively. Wen the
first end 15 15 of the needl e/ cannula 13 enters a region of different
viscosi.ty such as the cavity, the change,ikn inertial kickback is
experienced. This change provides a physical-indication to the.
operator. that he flrst end 15:is in the cavity. The sensor neans
23 in the forr}”(ﬁn B BRNde T A ther noag leitaroulse s esterdthectrityeSuch as the

and a vi sual |@ﬁ@ﬁ@t}@ﬁt&$;t@mggﬁ@w,pggy%drg 4 ndicates to the operator
d

that the cavity 20 has been entere erring to figuits 7 to 12, a
third enbodi ment of. the invention is shown. In this enbodi nent t he
pul ses are i nA HEt EEIRABIeNs 08 dhainveptivrs essihircin Agesd aduceddiga, t hethis

Cfluid travel li nJ‘deco ni cation

w th the o ot Bublorid b Ed By e pHNeSS BOPHEARuSE Ritbih
frequency, Pandensrafitdasamass ?ﬁ@usmmg tiee eansings of metl:hid§ 1@%@'%@125
is in the forng ran 3 sures.th an :
resistance at tﬁim?lb%s? %ﬁg&%d %d\tﬂﬁé n%'@&?%‘l’é%ﬁw(ﬁ gP g bggyl Wi d¥hen

i ncor por at es £°P@iEH byithe Igeratios aifithe roagr 3%itand7aihe ahbsts RONS féagse@l’so _
T ey
which is hi ghl's’l %{Séﬁl?%’ﬁ‘éhe 5 pgesuine diStronhagretishereayd tihins %oﬁwm}l

unit 38 cooprizgess b Rt St hgégapunps 45, each designated to either
nmove fluid out the saiine bfg 9"or into the effu3|on bag 41 to

ensure there is no cross contamination S
Acc:.ortjung to a second embediment, the force pulse is generated by eocentrucaily

mounting a ﬂy wheel 29 within the body 19, as shown In fl Tgure 5b,

‘ In both the: f' rst and ‘second embodiments the forde pulse is generated by the-

| inertia ffects af the mass 25 and flywheel 29 respact:vety When the first end

15 15 of the needle/cannuia 13 enters a region of different wscosﬁy such as the
“cavity, -the change in inertial klckback is experxenced This change providés a
phys:cal indication to the oparator that the first end 15 is in the cavity. The

© sensor means 23 in the form of an accelerometer 24 also senses the change” ~

‘and a visual indicator 31 on the body 19 indicates fo the operator that the. c:awty'
20 has besh entered,

_:Referring' to figures 7 t0 12; a third embodiment of the invention is shown. In tﬁis
embodiment the pulses are in the form of pressure pulses which are induced in |
. the fluid travelling through a tube 33 which is in fluid communication with the

ﬂeedfe/cannula 13 The pressure pulses form at a known frequency and
25 pressure ~

The sensmg means 23 in thls ambodlment is iy the form of a transducer 354 :
which ‘measures the change in resistance. at the first end 15 of the :

needlefcannula 13.

Referring to figures 9 and 10, the apparatus 11 is conngcted to a display unit 37,



The restriction to flow of various fluids such as saline through a
needl e as the needl e passes through various tissue types was
characterised to provide an 10 understandi ng of the flow properties.
This was achi eved by: nmeasuring roeresistance / penetration profile
t hrough various tissue conpositions wth feed rate as a paraneter;

measur i ng,.f:1.ui | owl. _pressure. profile into.tissue w.th needl

stal | ed; Q%i{%%ﬁjflrgggéal??%%eﬁ %ﬁ%?lugﬁ%p?g@&ﬁ ﬁa%?%ﬁ“?ieaf\ #L@'quéagsﬂ'ﬁo{/rh‘él
cavity. Misplneof deaiglispiay bait {370 mayeare MBamn¥@ais, Gt bxdmpresSéSwhies iseen
on the de ectl_ori!_ of heréra]_ﬁy tion between an obstructed and open
need| e ti%f)Wﬁdm'QW%@ﬂ»i R s dipplayyis@n ipaicater darap i49gwhick ds bightighted
conduct eayjntfitserideng enkls md\,{iﬂous pul se frequencies and injection
flowrates. Tests were then confined to 10pl pul se volunes at 5, 20

and 35Hz. The results can be seen in figures 12, 13 and 14. A phase
shi f t 520 Tihetpuegs uhit S8R pritet eflo %ﬁsﬂéﬂi@%{b@h@,%d&%s‘f‘gﬁdtéﬂ WPSither

observabl e at_all three frequencies. At _pulsing rate every second
pul se i s RRVGIPES 0%@‘&@?@”61basr?<9c@rsl§tqibeﬁﬁ#ﬁ108fba@c41g {cemaure tharatene s

4Hz, fi gufrsssledntanhalibys pul se rate the controller consistently
detects transition between closed needle tip and open needle tip. At

25 this pulse rate the controller was able to consistently detect the

di f f er enqpebebiteton th Polest vaRREI IR it 34 Salind TrBade 2 hdkhd Qs fhgur e
15, the invention according to the fourth enbodinent™is in the form

of a nedinegfleappnsest tsouat Vargpusyissusr ey Was ebarastgriserdeiot provisie. affhe
apparat u oy ”Dﬂjﬁ i [ i.n the formof a
needpg o?néérﬁheﬁﬁﬂqgﬁtéﬁ@o g bg/wﬁghgé&f% %a{nr%\;gdp%s. The

needl e/ cannul a 113 has a first 5 end 115 adapted to pierce the skin

of a patient, n@@gu@%@‘fﬂ%ﬂﬂ@eﬁﬂgné\é? ﬁ&%e%%%iléhl droﬁ%c'tl{rﬁﬁi%ﬁ glaﬁoﬁé’ Qg€

151 using tubing 155. e apparatus 111 al so conprise sensi ng
nmeans 123 whef@DRO%ifRNE with &gchigteag awargmetert he patient the sensor
means 123 senses changes in resistance which result as the needle

passes through the_rPaﬁi_ent' s tissue. A noticeable
measuring Tluid flow / pressure profile into tissue with needle stalled; and

measure fluid flow / pressure profile into the synovial cavity.

15 The focus of the flow sensing investigative tests has been on the detection of the
transition between an obstructed and open needle tip. Following initial discrete
pulse testing, tests were conducted with a range of continuous pulse frequencies
and injection flow rates. Tests were then confined to 10yl pulse volumes at 5, 20
and 35Hz. The results can be seen in figures 12, 13 and 14. A phase shift

20  between the obstructed and unobstructed needle tip was observable at all three
frequencies.

At 8Hz pulsing rate every second pulse is dropped because of processing time
effective pulse rate is 4Hz, figure 13A. At this pulse rate the controller
consistently detects transition between closed needle tip and open needle tip. At

25 this pulse rate the controller was able fo consistently detect the difference
between the test specimen and air.



10 change in resistance is neasured when the first end 115 of the
needl e/ cannul a 113 enters the cavity. The apparatus 111 is used to
determ ne when the needle is correctly located in a cavity of the
body. The fourth embodi ment requiresqg constant flow of fluid to be
supplied to the needle 113 with the senS| ng nmeans 123 measuring the

h

oot RereMobIRrRhATSS B8 MIRRESEtlnh b RE W SRRSOl
to coll e(fcbrém foé edateaht?l apberma%fil1¢ fengeffafmiag dvides pupylementhtiopl ayhe
moni tor 149 t royi de a, Vi Si esentatlon of t asurenents
Doimg 1 adeRaakn S camBishs myhe bt SRt BT e BrBet & BegIe Rt | o
and the igapfnki@n thadugh witlcH Beluﬁpﬁ@?%% Thd riedleg@hnu 11EhaPh iy ng
manner. a. Connect the needle 113 fo a disposable holder 153 with

t r ans@ucé@ndi AZdrasiariec do (Pigrces Magwsjin b a mﬁseh aRdria segerd e AY7 155

to the s I c. Locate the
syringe %%Ffalgﬁokééég}??ﬁggb rl}‘?%é I’I‘?‘\f’%@ﬁgé@mﬁ 15 the needl e 25

arrangenent to the other end of the sem rigi d t ubi ng 155; e

Wien i nsefdd Mpataasdhe élé@&&hbn%@%@ﬁﬁﬁ? Ridhsa BPEAGRI Qﬁén émehﬁ-
161; f. Wien insertion finishes (cavity Tocated) push a third too

swi t ch 16BcavityTalkethe oatiehf ﬁ@h@@la@fe‘nws aaalsea@es hgngee ipresisigees
when theng;ig r@su.{teélé“tﬁ@fﬁ%g Ief ﬁéss%@ Sses %t ﬂ@ttﬁgpﬁreﬂq{o‘ﬁbggoléhe

changes in resistance as t e knee | oi nt
g. Dil®cormheoge m'ea!sﬂs}aafmtsandawad iwhes thetfiistegnchél 5 @h‘ the oaedje/cannuia

suppl ementatd 00 REQEST -

The apparatus 111 is used to determine when the needle is correctly located in a

cavity of the body. The fourth embodiment requires a constant flow of fluid to be

supplied to the needle 113 with the sensing means 123 measuring the changes
15  in resistance as the needle is inserted deeper into the patient.

The sensing means 123 may incorporate a data logging system to collect the
data at the needle end 115 and display on display monitor 149 fo provide a
visible representation of the measurements being taken. The data logging

system may record the pressure profile and the insertion rate.
20  The apparatus 111 is used in the following manner:

a. Connect the needle 113 fo a disposable holder 153 with transducer
incorporated (not shown);

b. Attach semi rigid tubing 155 to the syringe 151 and fill with sterile saline;

c. Locate the syringe 151 in a syringe driver 157 and attach the needle
25 arrangement to the other end of the semi rigid tubing 155;

d. When the needle 113 is inserted into the tissue press a first foot-switch 159;



h. Di spose of syringe, tubing and transducer The syringe driver
157 provides a constant force to the syringe 151 so that fluid 10
flowis constant One procedure the current invention has application
is Visco Supplenmentation. Visco Suppl%pentation is a procedure for
treating patients suffering pain due‘Ro osteoarthritis of the knee.
The procedﬁgﬁeinvo ve nipistration of , synthetic synovial fluid

via a syrf %Hﬁeh@ﬁﬁé&%%ﬁ%ﬁs)@Wﬁ%ﬁswﬁg &1 S2CRNY feat-swieh A&t ent s

15knee joint. The devel opnment of the current invention can assist the
practiti angfn.dl Jeetly ddentifyi when the needle tip. is |ocated
Wi t hin ach‘{ﬂew“%%‘?%ﬁﬁ'%%%gy&%f‘#@g‘é PH%‘% a;ﬁad &é’??‘é’ﬁ?’bﬁg&such as
woul d be apparent to the skilled addressee are considered to fall

Speci 1 coanet auftbet ¥s 8RR ae AHER Fl u Gt MG EEI2 g relpment

"conpri sdbr oollading anfoomatisn cbgasine thhpichasgds of résioBpe: danthe nuédik be

under gt ood to | npl he inclusion of a stated integer or group of
i nt eg&r s WBIFEe ﬁ}’ng‘ﬂ@ibﬁ‘éj@ﬁﬁé?’aﬁ of any other integer or group of

integers. 17 The Clains Defining the Invention are as Follows: 1. A

medi cal infra-arti.cul ar inpection or aspiration, the
appar at u?c@%r%%r%é%g{sgéeﬁg f’lr?itaaﬁglqoh\i,(ﬁxge? it etherlEian” Py SHRRJAMGATALAN
fluid myprpesiiret he piercing 5menber having a first end adapted to
pierce a patient, and a second end rel easably secured to a body; a
noti on sensing nmeans to detect the difference in the novenent of the
pi er ci ng hnBlidymsead syringea igwsg bhd traghduereri al differing in viscosity,
wherein upon entering a cavity of the patient the notion

The syringe driver 157 provides a constant force to the syringe 151 so that fluid

10 flow is constant.

One procedure the current invention has application is Visco Supplementation.

Visco Supplementation is a procedure for treating patients suffering pain due fo

osteoarthritis of the knee. The procedure involves the administration of synthetic

synovial fILjid via a syringe and needle to the synovial capsule within the patients’
15  knee joint.

The development of the current invention can assist the practitioner in correctly
identifying when the needle tip is located within a cavity of the body.

Modifications and variations such as would be apparent to the skilled addressee
are considered o fall within the scope of the present invention.

20  Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood
to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers.



10 sensor neans senses the change in resistance at the first end of
t he piercing nmenber which results when the first end of the piercing
menber enters the cavity. 2. The nedi cal apparatus according to claim
1 wherein the piercing nmenber is in the formof a needle or cannul a.
15 3. The nedi cal apparatus according to claim2 wherein the sensing
means senses the resistance to fluid flowrelative to the first end
of the piercing nenber, providing an indication to an operator that
the first end of the piercing nenber igyin the cavity. 4. The
medi cal apparatus according to any one of the preceding clains
wherein 20the fluid is injected into the patient at a constant rate.
5. The nedi cthe Eakns ddiniraciberidvergicnmare laaifolldbws2, or 3 wherein an

i nducer conprises a pulse mechanismfor delivering pulses to the

pi erci ng nenber, whereby the pul ses are neasured by the sensor neans.
6. The medi chlA BiggErkarparaieTor an igracastieulatiinegioprns aepiratiohethp @paratus
nmechani sm for Zapyieud.di ng pul ses conprises a tube within a body of

t he apparatus, wherein the tube is in fluid comrunication with the

pi ercing nenber and contains a fluid 18 therein which is caused to
pul se at a predet eravhiey piepig medmber htcigAnchi¢h B8 uia. paks, THaepigremtigcal
apparatus_.according to, claim®é6 rein the fluid is a. hyaluronic acid
SObpl arend - £ 5. TSRt iPee O 2R Sebes i Pke b p AR e Speond
precedi ng cl ai n8 Wedatkratdity squossdabushadg; connected to a display unit
whi ch di spl ays the neasurenents taken fromthe notion sensor and
therefore indicates to the operator when the first end of the

pi erci ng nmenber ent@&metion pergirthmepesy)iopeiedfthe kéferesicatin theomovgraent of
medi cal apparatus a6eogidichy hknfieR 2 & WRE& rimtopgq SERRAL WRRARg in
10anplifies the change In reaction force as the first end noves

t hrough different t¥ssosity. WeraindpeRderielintap vtk @6 th eatant e tectionai m
5 whereiqpthe pul seABGNABARMISEE YRS Shahgt GerddibiaRE di thd At BAEELIRY
menber, whereby the pulses forwardly i1ndlice the piercing nenber

whi | st the piercinpisfeirBenembenuiicy paaieahsy thetfirat epéraittbe . piercing

member enters the cavity.

2. The medical apparatus according to claim 1 wherein the piercing member is in

the form of a needle or cannula.

15 3. The medical apparatus according to claim 2 wherein the sensing means
senses the resistance to fluid flow relative to the first end of the piercing
member, providing an indication to an operator that the first end of the

piercing member is in the cavity.

4. The medical apparatus according fo any cne of the preceding claims wherein
20 the fluid is injected into the patient at a constant rate.

5. The medical apparatus according to claim 1, 2, or 3 wherein an inducer
comprises a pulse mechanism for delivering pulses to the piercing member,

whereby the pulses are measured by the sensor means.

6. The medical apparatus according to claim 5 wherein the pulse mechanism for
25 providing pulses comprises a tube within a body of the apparatus, wherein the

tube is in fluid communication with the piercing member and contains a fluid



11. The nedi cal apparatus according to claim210 wherein the pul se
mechanismis in the formof a nmass adapted to nove relative to a body
in a forward and back direction according to the novenent of the
apparatus wherein the novenent of the nmass and its inertial effects
deliver the force pul ses, inducing 20the piercing nenber forward.

12. The nedi cal apparatus according to claim 11l wherein the mass is

i ncorporated within the body. 13.The nedical apparatus according to
any one of the preceding clains whereingthe sensor nmeans senses a
reduction in inertial kickback through the body of 25the apparatus.

19 15. The medi %%Peir‘?‘%ﬁérﬁwgaﬁ’%go{odhﬂige?é% Q%e@é?&ﬁrgrieracgeﬁi WorP réth%PAdby

wherein the body 1's renove mthe piercing ne replac

a syringe. 16preReuraedi cal apparatus according to any one of the
precedi ng clains wherein the apparatus conprises a flushing device to
cl ean the cavi The nredzaiMyppamattd acdpdiag ¢ tiginmBridereinghe fisierid edyallidankhe
nmedi cal apparatu accforditng to claim 16 wherein the flushing device

i s incorporat ed” W YRP Y RE pul se nechani sm 18. The nedi cal appar at us
according to any one of the preceding clains wherein the apparatus

conprisesga \i hiadi i i i i j . i .
10si gnal \?\/ni ‘gh?}?%hwse lg@%h@%ﬁ%nggﬁﬁg%%sﬁ%aﬁgﬁggrnegéglﬁg ﬁ%’?ﬁ% ﬁt@rfeimr st
end of the pi eleiangairiiste eommpstesie ardisplananitodijeh gisplags thpaapsdiesgnts

appar at us acCopgbRgohdné hidkish geﬁ%gléﬁd thetdiSre it REs RAS Qberg}%ﬁ‘%eh $he

capabl e of detecting when the needl e has reached a synovial cavity of

a patient to afietend¢féheperciiogrembeientsie differstt eegianpscbthedeinty pl aced
in the 15synovial cavity. 20.The nedi cal apparatus according to claim

1 wherein th tion,.sensors,an accel eroneter,, to detect the
di Tforence i i 11 TOUETERPGIUY AECHONE v BRI di WGCHREh % SEESa MBAs es
t hr ough rat er i amnpltliet fties chegge n ast@siotde as the first end moves through different

tissue.

10.The medical apparatus according fo claim 5 wherein the pulse mechanism
delivers force pulses to the piercing member, whereby the pulses forwardly
induce the piercing member whilst the piercing member is being pushed by

15 the operator.

11.The medical apparatus according to claim 10 wherein the pulse mechanism is
in the form of a mass adapted to move relative to a body in a forward and
back direction according to the movement of the apparatus wherein the
movement of the mass and its inertial effects deliver the force pulses, inducing

20 the piercing member forward.

12.The medical apparatus according to claim 11 wherein the mass is

incorporated within the body.

13.The medical apparatus according to any one of the preceding claims wherein
the sensor means senses a reduction in inertial kickback through the body of
25 the apparatus.

14.The medical apparatus according fo claim 5 wherein the pulse mechanism

induces force pulses using an eccentrically mounted flywheel.



21. A medi cal apparatus for administering an intra articul atar
injection or 20aspiration, the apparatus conprises: a hollow piercing
menber through which fluid nay pass, the piercing nenber having a
first end adapted to pierce a patient, and a second end rel easably
secured to a body; a notion sensing neans to detect the
difference in the novenent of 25the piercing nenber as it passes
through material differing in viscosity, wherein upon entering a
cavity of the patient the notion 20 segsor means senses when the
first end of the piercing nenber is in the cavity. 22. A nedical

apparat us f ot 3 I 52 AbblkAloob MBI £ de HLERL B1a WiSrain tho

appar at us conpri ses: OW pl erci-ng rough whi c
passes at a cobsdydaremeed framhbepisscioy mgmbenbed rapacedyy a shiingst end
adapted to pierce a patient, and a second end rel easably secured to a

body; a notion sensing neans to detect the difference in the
movenent of {fid"BiMEAGEhEPRAERYE ACERETING ihamsene PR AERveHAg &laimg wherein

differing in 1QuifpasidsyconbReiafiushRE RNIcetb Ribap tB@\Chlily iffo Wieh the
patient fluid is injected into the patient and the notion sensor

means senses t HECHWARYBOSMS E&ieY ance which results when the first
end of the piercing menber enters the cavity. 15 23. The apparatus

according to,skaim gﬁa\{\lggéaeréﬁﬁtafg orﬁ%gﬁk%mhérgfnttﬂg ﬂu&‘ﬁ%@%\?%

pressure sensor cap fl'ow T éesi stance

appar at us accoinderpgratas \Eltmﬂwmpaeemmecﬁanmnner ei n the sensing neans
conprises a data | ogging systemthat records the pressure profi | e
during the procedure. 20 25.The nedi cal apparatus according to claim

35 wherei n t heTPe sxslirebarpanaiys a@?ﬂ?‘i‘if‘@ §xany0ne ofi 18R neeseding Cﬁﬁﬁ%wr’@e'”
changes in pregshBamtdshidmdriBes BivRILEI IRGicARROMich is highlighted or an audible

10 signal which is sounded when the sensor means senses that the first end of

the piercing member has entered the cavity.

19.The medical apparatus according to claim 2 wherein the motion sensor
means is capable of detecting when the needle has reached a synovial cavity
of a patient to alert the operator that the needie is correcily placed in the

15 synovial cavity.

20.The medical apparatus according to claim 1 wherein the motion sensors an
accelerometer, to detect the difference in the movement of the hollow piercing

member as it passes through material differing in viscosity.

21.A medical apparatus for administering an intra articulatar injection or

20 aspiration, the apparatus comprises:

a holiow piercing member through which fluid may pass, the piercing
member having a first end adapted to pierce a patient, and a second

end releasably secured to a body;

a motion sensing means to detect the difference in the movement of
25 the piercing member as it passes through material differing in

viscosity, wherein upon entering a cavity of the patient the motion



26. The nedi cal apparatus according to claim 37 wherein a change in
resistance at the first end of the piercing nenber is detected by a
t hreshol d change in 25the transducer.

20

sensor means senses when the first end of the piercing member is in

the cavity.

22.A medical apparatus for an intra-articular injection or aspiration, the

apparatus comprises:

5 a hollow piercing member through which fluid passes at a constant
rate, the piercing member having a first end adapted to pierce a

patient, and a second end releasably secured to a body;

a motion sensing means to detect the difference in the movement of
the piercing member as it passes through material differing in

10 viscosity,

wherein upon entering a cavity of the patient fluid is injected into the
patient and the motion sensor means senses the change in resistance
which results when the first end of the piercing member enters the
cavity.

15 23.The apparatus according to claim 32 wherein the sensing means further

comprises a pressure sensor capable of detecting fiuid flow resistance.

24.The apparatus according to claim 32 or 33 wherein the sensing means
comprises a data logging system that records the pressure profile during the
procedure.

20  25.The medical apparatus according to claim 35 wherein the pressure sensor
comprises a transducer to measure changes in pressure within the piercing

member.

26.The medical apparatus according to claim 37 wherein a change in resistance
at the first end of the piercing member is detected by a threshold change in

25 the transducer.



