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FIG.1

(57) Abstract: A sterilization challenge specimen holder is used with a test indicator to challenge sterilization on a consistent basis.
The holder includes a body having an internal chamber region. A cap is sealable on the holder. An opening is defined in the body or
cap that forms a single tortuous ingress and egress path communicating the interior chamber with the environs. An insulating layer
is disposed over the body and cap to fully insulate the body and cap other than over the opening so as to not interfere with the ingress
and egress path. The insulating layer reduces the heat transference from the environs to the interior chamber region.
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TITLE OF THE INVENTION
STERILIZATION CHALLENGE SPECIMEN HOLDER.

CROSS-REFERENCE TO RELATED APPLICATION DATA
{0001 This application is a continuatica-in-part of U.S, Patent

spphication Serial No, 11/828,202, filed July 25, 2007,

BACKGROUND OF THE INVENTION
[0002] The pressat tnvention is directed to a sterifization challenge
specimen holder. More particularly, the present invention pertains to a rensable

specimen holder for challenge in a sterilization envirenment,

{0003] The sterilization of medical equipment, towels (for hospital and
operating room use), gowns and the ke is carrded out, for the mest part, using steamn
sterifization squipment and methods. For example, a bundle of towels is placed intn a
steam seritizer, 8 vacuom 3 drawn in the sierilizer to evacuate the air, sed stean is
introduced to steribize the bundle of towels,

{B004] Dua o the naturg of the towels being “bundled” it may be
diffionlt o assure that the nnermost vegions (volame) of the towsls have besn
sufficiently subjected to the sterm (Hime and temperaturs) 1o asswrs proper Jevels of
steriization. Essentially, it s a “challenge™ for the stesrs o be introduced o the
fnnsrmost parts to effect stexilization,

{6005} To this end, “challenge packs™ or “challenge Kits™ have been

vested 0 simulats the bundle and more specifically to simolate the diffioudty o

ance in reaching the innermost party: {1) 1o effect a vacuum; and (3} to inteoducs
stearm sulficient to sterilize the local area. There {s In fact an ANSI standard for
challenge packs that is based npon a bundle of towels having a specific size.

0] Pressutly, there are chullenge packs on the market, These

~

mclude paper stacks (stacked lke a deck of vards) with an indicator shee! generally in

that 2 sufficient amotnt of steam has reached the indicator pack. Ancther inchides a
paper stack with a cut out center with & biclogical indivator vile in the middle. SHl}
another type of indicator includes a plastic tube that has a hole in one end, is packed
with & permeable matenial {sech as a fowel or absorbent paper sheet) and an indicatoy
at the opposite end.
1
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{7 All of these challenge packs are one time use, disposable
products. Various indicators {z.g., for use in the middle of the stack or for ofher types
of yses) oan be used i different environments and situstions and provide indication of
vacumm, bologival activity {or fnactivity) or stean contact.

{00081 Accordingly, there 15 2 need for a challenge deviee that provide

sufficient challenge to sterilization on a consisient basis, Desirably, such a device is

%

asy to use and does not requive additional packing waterials {towel bundlex}. More

Lo

esivably, such a device is reusable with disposable (one-time wse} indicators. Maost

enirably such a devies Is a passive devics {e.g., no moving mechanical andfor

j» %

electro-mechanical components).

BRIEF SUMMARY OF THE INVENTION

130097 A sterilization challengs spectmen holder is used with a
disposable {one-time nse) indicator, such as a biologieal indicator. The holder
inchudes & body having an infernal chawber region and & cap sealable ona fivst end of
the body. The cap can be threaded and include seal to isolate the internal chamber
yegion,

{20164 A plug is postiioned tn a second end of the body. The plug has
an cuter wall that has a spival formed groove thersin. & lower end of the groove
opens into {Is in communication with) the internal chamber region. The plug has an
opening therein that define a single flow path for communication between the
environs and the infernal chamber via groove,

{6011} In a present embodiment, the body has o smooth lnner wall at
the second or phig end and the plag is shrink fted into the end of the body.

16012} To assure a consistent flow path between the interas! chamber
region and the envivons, the groove is formed having & mnnded root area. In & prosent
Sodder, the groove hus a cross-sectional ares of foss they about 3.5 B4, abopt 30 B4
to ahout 5.5 B4 i, and preforably about 3.0 B4 %, with depth of about 811 in.

{0013] To effect & smooth transition from the groove to the imemal
chamber reglon, the plag inclodes a chamfer at an end of the plug innermost of the
chamber such that the lower end of the groove terminates gt the chamfer, The plug
can also nclode g well formed therein that defines a wall in the plug, An spening in
the wall provides communication between the environs and the infernal shamber

region through the groove. o this arcangemend, the plug can include & peripheral
2
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recess in the wall adjacent fo the groove such that the opening penelrates the wall at
the recest. Anupper ond of the grocve terminatos ab the recess and a chamfy is
formed in the recess such that the upper end of the grovve terminates at the chamder,

UG RS To assure # proper fit of and seal between the plog and body,
the plog and body are formed from maderials thet have similar thermal expansion
coctlicionts, and preforably, similar materials, such as aluminom,

{0015) The facilitate handling, the cap cas have g knurled edge snd to
prevent the holder from rolling the edge can have a flat region formed there

{0016} The holder can alse includs an Insulating laver on &t leasta
portion of the body,

{0017] The plug can be configured with a pressure reducing element to
reduced the pressure of the steam entering the holder,

{0018} Alternately, the plug can be configured as a flat, spdit distediks
eloment havivg o fatspial formead groove I one portion of the disk-like cloment
with the other portion of the disk-like element covering the flat spival groove. The
groowe 18 in communication with the internal chamber region and the disk like
slemwet has an opening therein to the environs for defining a single Sow path for
compnnication betwesn the snvirons and the internal chantber via the groove.

{0019} In stilf another embodiment, the holder includes a body having
an internal chamber region and a plog positioned in part in the body. The plug has a
central bore and an outer wall having the spiral ormed groove fu the owter wall, The
groove I8 in commanication with the internal chamber region, In this smbodimeant,
the body has an opening Sy defining & slugle flow path for copmmmudoation between
the exvirons and the internal chamber via the spiral formed groove, A cap is sealable
on the phig of the end of the plug external to the holder body to seal the holder.
Alternately still, the groove can be formed in the body of the holder and the phlag can
bo smovth-walled,

g The holder can include an insulating laver over the hody and
cap o folly insulate the budy and cap {and i used, the plog) other than over the
opening o 88 to not interiere with the fngress and egreas path. The fnsulating lver
resiuoes the heat transference from the onvirons to the interior chantser meglon,

Altervately, the entive holder can be formed from an insulating material.

3
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HH These and other features and advantages of the present
invertion will be apparent from the Hllowing delatled description, in conhmetion

with the appended claims

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
{00221 The benefits and advantages of the present Invention will
become more veadily apparent to those of ordinary skill in the relevant art after
reviewing the following detailod description and sccompanying drawings, whereln
8023} FIG. 1 is o plan view of o sterilization challenge spechuen

holder enbodying the principles of the prosont nvention;

{0024 FIG. 2 15 an exploded view of the specimen holder of FIG. 15
{H025] FIG. 3 is a cross-sectional view taken along line 33 of FIG. §;
{0261 FIG. 4 i an enlarged view of the end plug of the holder;

0027 FIG, 5 is a cross-sectional view of the specimen holder

showing an optional Insulating layer on the holder;

{028} FIG. 6 s a partial oross-sectional view of an alfernale end cap
comiiguration;

{09291 FIG. 7 s & partial cross-sectional view of an slternate plug
confignration;

{8630] FIG, § 15 a partial cross-sectional view of ¢ plog hevisg s
pressure reducer mounted thereto;

{00313 FIGS, 8A and 9B are partia] cross-sectional and plan views of
still another slternate plog design wsing & fhat disk with a spiral plansr spival formad
groove;

100323 FIG, 10 i3 a oross-sectional view of an slternate embodiment of

the sterilization challonge specimen holder

[6033) FIG, 11 is an exploded view of the bisdy and plug of the hokder
af FIG. 1
{0034] FIG. 12 i3 a pavtial cross-sectional view of an altenate

specimen holder showing the groove formed in the body and 2 smooth-walled plug;
and
H035) FIG. 13 s st another embodiment of the specimen holder

showing & low heat transference configuration.
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DETAILED DESCRIPTION OF THE INVENTION

13036) While the presest invention 13 susceptible of smbodimest tn
various forms, there is shown in the drawings and will hereinafier be described 2
presently preferred embodiment with the understanding that the present disclosure i
1o be considered an exemyplification of the tnvention and is not jntended to lmit the
fvention fo the specific embodiment Hustrated.

{04371 1 should be further understood that the title of this section of
this specification, namety, “Detaited Description Of The Invention®, relates to a
requirement of the United States Patent Office, and doos not imply, nor should be
inferred 1o lmit the subject matter disclosed herem.

{0038) Referring to the Ggares and in particelar to FIG. 1 there iy
shown a sterilization challenge specimen holder 10 embodying the principles of the
present invention. The holder 10 inalndes a bollow tubular body 12, a closwre cap 14
and an end plug 16, The body 12 can be coverad or enveloped i on tnsulating by

8 {us seon 0 FIG. &),

100391 The bady 12 includes an internal thread 20 ot one open end 22.
The closure rap 14 includes & gripping portion 24 and a depending plng 26 having an
exierral thread 28 {fo mate o the threaded 20 opening]} to close the holder 1 A seal
30 such as the iHustrated O-ring can fivted onto the cap 14 to provide a gas-tight sest
between the closure cap 14 and the body 12, Iy a present holder 19, the gipping
portion 24 is textured or kuwrled {as indicated at 32} to facilitale rofating or turning
the cap 14, The gripping portion 24 can include a Hattened portion (a flat 34} so that
when the holder 10 is laid on 1t side, #t will be prevented from volling.

{00481 Alternately, as seen In FIG. 6, the closwre ¢ap 124 can have an
O-ring 130 seal iv & channel or 128 in the plog portion 126 fn a friction fit or pash-in
configuration. This eliminates the need for a threaded end In the cap 124,

4] The end plug 16 15 of a novel configuration and provides 8
single ingress and egress flow path inte and ot of the interior or chanbar 36 when
the cap 14 is in place on the body 12 and permits drawing a vacuum in the heolder 10
and troducing a stertbization fluid, such as stoam, into to the holder 10 a
eonfrotted manner. The phig 16 inchades a body 38 having @ recess or well 48 formad
therein that defines an inner wall 42, The body 38 includes a spival formed channel or
groove 44 o an outer wall 46 thersef. The outer wall 46 includes & peripheral recess
or channel 48 formed adjacent to 2 sealing lip 50 ot an end 52 of the plag 16,

5
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{0421 The spiral formed channel 44 opens of 8 first end 34 into the
pevipheral recess 48 and spivals around the body 38 extending 1o about the opposite
end 56 of the plug 16, Ina present plug 18, the Gpposif& end 36 (which is the end at
the chamber 36 side of the plug 16), inchudes a chamfer 38 at whick the spival formed
groove 44 ends. Io & present plug 16, the transition fom the peripheral chaoned 48 10
the graoved reglon 45 1s also chamfered as indicated at 60

{0043} The plug 16 includes an opening 62 through the wall 46 st the
peripherat recess 48, The opening 62 provides comnmuication between outside of the
hodder 18 {the environs B) and the iterior or chamber 36 of the holder 10,
Communication s provided from the environs B, through the opening 62, iuto the
recess 48, through the spiral groove 44 and into the chamber 36, The chamfers 38, 60
at hoth ends of the spiral groove 44 (or grooved region 45} provide for a smooth
frapsition inte and ot of the groove 44 and prevent excessive resistance to How
through the groove 44, The groove 44, is smooth, s by heing formed by machining,
tut prosvides o torfuous ingress and egress path between the snvirons B and the
chamnber 36,

10044] The plag 16 is friction fitted into the chamber body 12, In this
manner the Hp 30 s snug ap 1o the interior wall 37 ofthe body 12 and provides an
axternal seal between the snvirons F and the periphers recsss 48, Moreover the plag
body cuter wall 46, at the grooved region 45 (between the chamfiers 58, 60} alko is
saug up o the nterior wall 37 of the body 12 and provides & seal between the recess
48 and the chamber 36 and the groove 44, It will be apprecisted that the interior wall
37 of the body, at the plug 16 §s smooth, wlike the threads 20 formed in the erp 14
gad. In that there is no mechining necessary at interior wall 37 the smooth surface
{unlike threads) proper “mating” of the plug 16 and body 12 is enbanced,

[0045] An alternate phug 218 Is shown In FIGL 7. The plag 316
includes a channel 240 throungh the plug body 238 that is contiguous with the grooy
2484, In this manner, the plug 216 can be insnlated, as indicated a1 218, Asn &pﬁtning
219 in the inswlating layer 218 provides communication into the channel 240 and

srotve $44.

'i"i

{0048] Alternately still, as seen in PIG. §, the holder 310 oan be fitted
witha prassure reducing valve 364 to reduce the preseurs (and thus the fow rate) of
steant o the well 340 and thus through the groove 344 into the chamber 346, The
raduced How rate does not effect the steam temperature, bot redaces the pressure o

6
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provide fess driving force for flow (less driving foree by virtue of less pressure
differential). A cheok valve 343 permits evacuation of the chansher 346 prior to
steam mbroduction or during the sterilization process.

{8647 Alernately still, as see i FIGS. 94 and 98, the grovve 444 oan
be foemed as a flat spiral in, for example, a split disk 416 or other element, Ax inked
448 into the groove 444 can be formed n a top or side (not shown) of the disk 416

with an outlet 448 open to the chamber 436,

{0048] Yet anather embodiment of the holder 310 is Hlusirated in
FIGS. 10 and 11, In this embodiment, the end plug 516 s fitted into the holder body

312, The plag 516 has a body 538 thal inchudes a condral bove 339 that defines, i part
and with the holder body 512, the holder chamber §36. The plag $16 provides a
single fngress and egress flow path inte and out of the holder chamber 336 when the
cap 314 1s In place on the holder 310 and permits drawing 8 vacoam and introdocing
eam o to the holder chamber 536, As illustrated, the indicator § redides inthe
plug bore 339 or hatween the plag bore 536 and the body nterior 341,

{00493 The plug body 338 has sn end portion 543 and a depending
portion 345 having an outer wall 546 in which the spiral formed chanpel or groove
344 is formed. The groove 344 is contiguous with 4 elroumferential recess or well
S4{% at an inlet side S47 and opens to the Intevior chamber 536 {formed with the body
312 Chamfers 358, 560 at both ends of the depending portion 3435 provide fr 2
sawanth transition o and out of the groove 344 and prevent excessive resistancs o
fow throagh the groove $44,

{60350 The chamber body 512 includes one or more openings 562
(&g, U inch thronghowall openings) in the side wall that are open io {and contiguous
with the plug recess 540, This provides the flow path for drawing vacuus fn and
strochicing steam 1o the holder chamber 336,

10051] The end cap 514 can be formed to friction {or push} it into the
plag bove 339, or glternately {although not shown), threadedly engage the plug $16.
A soal 330 is prosent #f the end cap S1d/plug S16 interface,

10032] A present holder 10 &8 formed from aluminnm. Many different
materials are contemplated for use, ncluding various other metals, stevls, alioys and
the Hke. Sultable pelvmers may also be used, as will be appraciated by those shilled
i the art. Due o the theemal conditions to which the holder 10 is subjected, cuch of
the parts of the present holder 10 (the body 12, the cap 14 and the plag 18} is

7
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weforsbly frmed frovn a simtler material, This 1810 proveat the parts from
expanding and contracting &t diffevent rates, and in different proportions from one
another. Itis also contemplated that different materials having similar thermal

properiies can also be used, where appropriate.

{0053] In one method of ftting the plug 16 into the body 12,
advantags 15 taken of the thermal expansion coefficisnt of the material or materials

wsed to muke the helder 10, ¥owill be appreciated that the greave 44 cannot be
blocked, such as by deluis, otherwise the resistance or challenge chavscteristios nf the
hodder 10 will not be consistent from one holder 10 to the next, nor properly
predictable, Accordingly, tn order to it or position the plug 16 in the body 12, the
Bty 12 15 heated to expand and the plug 16 is nserted tndo the heated body 120 3
necessary, the plug 16 can be cooled to contract or shrink, so that the plag 16 casily
ity 1nio the body 13 without deformation of either part,

3054) {will also be appreviated from the above-provided diseussing
that the spivad groove 44 nrust be famed or machined to vithin a fabrly tght
tolerance. In a present holder 10, a plug 18 having an overall length L of shout ons
inch is formed with a groove 44 having s cross-sectional area Agy of 0.0003 1 inches®,
The grovve 44 s formed vsing & 1718 inch grooving tool having a rounded or curved
profile, and oul to & depth dgg of about 0.011 inches -+~ 0.0003 inches {shout 13 of 8
circle having 8 1/16 inch diameter). The groove 44 has width wyy of about 0.043
inches. Cross-sectional areas of up to about 0.001 inches® can be used, however, the
length s 08 the plug 16 {and the spiral groove 445 is formed commensurately longs.
For exanple, it 2 groove 44 having & cross-seotional area of 0.000553 inches?, the
groove 44 most be formed ine plug 16 having 2 leogth b of about 2 tnches
(compared to a 1 inch plog 18 for the 0.00031 inch® arer). It has been found that the
creas-seotional arer of the grovve 44 ie best formed st Toss than about $.3 B-d inchey’.
The grooves 44 are formed in the phag 16 at a rade {density} of about 1€ fums per
Huear tnch of plug 16, Refearing briefly 1o FIG, 12, ¥ will be appreciated that the
groove 844 can be formed in the interior wall 837 of the holder body 612 and the plug
£16 can be a smooth-walled or smooth surface element,

{O0S5] 0 a sterilization procusy, the objeots to be sterilized ary placed
in & closed environment {sterilization chamber or devies) and the air IS svacuated
from the device. Steamn S is then introduced imto the device st s predetermined
sempevabire (pressure) for o predetermined period of time. The eovironment is frst

8
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evacuated for a number of ressons. First, 13 30 thet the steam does not have to
compete with the alr for volume within the holder 10, Second, s so that the steam
flows mowe readily nfo the holder 1 withont having to displace the alr. In addition,
there s less heat {enorgy) transter from the steam in that thers Is no air (o mass) ©
which to transfer the energy from the steam.

{0056] I atypioal use, a strip or other Indicator ¥ (spectmen) 15 placed
i the holder 10 and the holder 10 1s placed inside of the stertlization device along
with the Hems o be sterilized, such a5 towels, gowns or the like. The device s

acated and s steam 13 then Introduced into the devics. Following a predetermined
sterilization protocol, the tems {that are now sterilized) are removed from the devics,
as s the specimen holder 16, The indicator 1 s then tested to determine the kil rate
of the spores on or in the indicator,

{0057 The sterilization process may be carried out a nuesber of times
{e.g., 8 pulsed or molt-polsed manner), I owhich the air i3 evacuated, steam 5
introduced, device evacusfed, steam introdeced, and o on. Following completion of
the cycles, the indicador or specimen s tested for spore kill rate,

{0058] It will be appreciated that the greater a challengs s 1o the
steritization process, the Jower the kill rate. That is, the groster the challenge, the
move difficult it iz for steam o nfilrate (more dithieult entry) and thus a lower kill
rate resulis.

{6059] Samples of the present holder 10, an Association for the
Advancement of Medical Instrumentation {(AAMY) wowel pack, and a 3M Aftest
bislogieal test pack wers tosted in crder fo determine the effectiveness of the
chatlenge. The indicator in each case was & IM Altest 1262 binlogival indivator.

{a060] In ench test, the sample way placed in the device and the devics
was gvgcuated (a negative pressure drawn to 1 paia).

1061} Stosrn, at about saturated conditions, was then introduced o

the devies at a temperatare of abouwt 270°F for times of 15 seconds, 1, 2, 3 and §
minutes, Thirty (30} sepavate samiples were used of the AAMI towel pack and the
pracsnt holder 2t gach of the selected thnes (for the present holder at 13 seconds, 29
samaples were used), snd s (8) separste saraples of & test pack were used at esch of
the selected thmes.

18062} Table 1, below, shows the number of positives (live biological
activity} that remained in each of the samples following the sterilization procedurs,

9
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i “Towel Pagk Test Pack Present Holder

15 sec, 30730 66 | 29429

1 min, 6/30 0/ BA0

RSN 030 N 14730
B I 06 530

4 min §/30 1 4730

TABLE 1 - Varioas Challenge Samples with
Fositive Biological Activity at Varying Sterilization Times

{0663} As can be seen from the results in Table 1, biological activity
was prosent in the samples in the present holder at 3 miputes in 5 of 30 sampdes, and
was only completely eliminated at 4 minutes, whersas in cach the towsd pack and the
3M Attest Pack, binlngical agtivity was completely eliminated by 2 minutes and 1
minnte, respectively, In fact, &t 2 minntes, bological setivity using the present holder
was present in almost 50 percent of the samples.

10064] Tt was also foand that by adding a laver of an insulator 18 over
the body 12, the challenge was increased. The insulating fayer 18 {which can be, for
example, 2 layer of neoprene or the like) reduces heat transfer through the tubular
wall body 12 and thus reduces the heating effect inside of the chamber 36 that ocenss
by way of conduction through the body 12 wall. As such the heating that vecurs
mside of the chamber 36 iz due Yo the introduction of steam by way of the spiral
groove 44, The insulation can, of course, be disposed on any part of, or the entirety
of the holder 10 {e.g., on any part or alt of the body 12, cap 14 and plug 16}, solong
as the steam Jow path is maintained open.

{6055} Accordingly, ancther embodiment of the holder 610 {5 shown
i FIG. 13, Inthis low heat trangforonse configuvation, heat transfer through the body
812 of the holder 610 and inte the chamber 636 in which the indictor 1 is positioned is
muininvized. This effectively shifts the burden to sterilize {e.g., o raise the

amperature within the chambey 636) 1o the steam that enters the chamber 636, rathey
than by heat transfer across the chamber body 612, In this embodiment, the ertire
body 612 of the holder 610 and the cap 614 are covered by a layer of insulation §18.

In addition, s laver of insulation 618b overlies the plug 616 end s0 as to insulate the

10
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plug 816 area. Openings 663 are present in the plug henlation overlay 618h to
provide a flowpath for steam into the channe! 644, It will be appreciated that
although the insulatinn 618b s shown ag gn overlay, it could conform to the inside of
the wall 840, with an oponing over opening 644 {o provide the steam ﬂawpafh}

{0an] 1t is also conternplated that the entive hedder 614, including the
body 613, cap 614 and plug 616 can be formed from an insulating roatensl {such as
an appropriate polymenie, o.g., nylon material} o provide the low heat bransference
characteristics,

[0067] Another way in which to “shift” the heating (to effectively
ncrease the challenge characteristios) is to place & heat sbsorbing material {8 heat
sink §70) within the chamber 636, For sxample, an sluminum member 670 can be
positioned in the chamber 636 to absorb heat as the steam enters the chamber 836 and
the temperature within the chamber 636 beging to increase. Since aluminum has &
relatively high heat capacity {relative to ofher muetals), i reguines more ensrgy o
incroase the ternporahers in the chamber 636 in that e refatively Javge smeunt of
energy is absorbed by the heat sink 670 to heat the heat sink 670 to the temperature in
the chamber 636, That s 2 significant amount of snergy will be absorbed by the hea
sivk 674 In order 0 reach an s::thbx i temperature within the chamber 636, and as
such, the tempersture in the chamber 636 will increase at a slower rate.

{0068 A sample of a fully insulated holder 610 and & sample of g non-
insulated holder were tested to determine the effectiveness of the challenge. Forthe
nor-tosolated holder, 9 trials were ran with two samples per trial tested. Zere growth
peas obsurved i test sivips after 3 2 minte sterilization cycle and 5 4 minute
steritization oyole, Three positive controls were also tested and growth was ohserved
in all three.

{0069] For the insulated holder 610, 9 twials were run with two samples
per trial tested. Growdy was observed inall but one of the trials after a 2 mimate
steritivation eycle. Three positive controls were also tested and growth ywas ebserved
i all three, Thus, it can be seen that the insulated holder provides a greater challenge

1o steriiization,

[0079] All patents referred to hereln, are horeby ineorporated berein by
reforence, whether or not spectfically do so within the text of this disclosare.
11
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{6071} Tie the preseat disclosare, the words “a” or Yan™ are to be taken
to inchude both the singular and the plural, Conversely, any referance to plurs! ems
shall, whers appropriate, include the singular.

{072 Frow the foregoing it will be observed that numerous
modifications and variations can be sffectuated witheoat departing from the true spirit
and scope of the novel concepts of the present invention. 11810 be understood that
1o Howtation with respeet {0 the specific embodiments illustrated 18 intended or shoudd
be inferred. The disclosure is tutended 1o cover by the appended claims alf such

modifications as fall within the scope of the claims.
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