I *I Innovation, Sciences et Innovation, Science and CA 2856384 C 2018/04/24

Déeveloppement economique Canada Economic Development Canada
Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 856 384
12y BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2012/12/11 (51) ClL.Int./Int.Cl. A67F 13/04 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/06/20 DO4B 21/14 (2006.01)
2 1s , (72) Inventeur/Inventor:
(45) Date de delivrance/lssue Date: 2018/04/24 EVANS. JOHN C. GB
(85) Entree phase nationale/National Entry: 2014/05/16 L
(73) Proprietaire/Owner:
(86) N° demande PCT/PCT Application No.: US 2012/068914 BSN MEDICAL, INC., US
(87) N° publication PCT/PCT Publication No.: 2013/090245 (74) Agent: FURMAN IP LAW & STRATEGY PC

(30) Priorite/Priority: 2011/12/12 (US61/569,520)

(54) Titre : SUBSTRAT TRICOTE A UTILISER DANS UN PRODUIT DE BANDAGE MEDICAL ET PRODUIT DE BANDAGE
(54) Title: KNITTED SUBSTRATE FOR USE IN MEDICAL BANDAGING PRODUCT AND BANDAGING PRODUCT

(57) Abrege/Abstract:
A medical bandaging product including a sealable enclosure and a resin-impregnated substrate including a knitted fabric layer
having upper and lower surfaces with interconnected knitted fabric yarns knitted such that at least one yarn extends across a gap

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 2856384 C 2018/04/24

anen 2 856 384
(13) C

(57) Abrege(suite)/Abstract(continued):
from the upper surface to the lower surface along a width of the substrate In a back-and-forth pattern forming a single, integrated

three-dimensional structure, wherein the at least one yarn extends between non-adjacent needle positions In a back-and-forth

pattern In successive courses to provide a continuous pattern on both the upper and lower major surfaces of the substrate,
wherein needle bed gap spacing Is between 7.1 mm and 8 mm and a total thickness of the substrate Is between 4.75 mm and 4.90

mm.



WO 2013/090245 A1 |[HJ 1! AR AR 000K AROR L 0 R A

CA 02856384

2014-05-16

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau
(43) International Publication Date 5_:5
20 June 2013 (20.06.2013) WIPOIPCT

(19) World Intellectual Property
Organization

(10) International Publication Number

WO 2013/090245 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

(81)

International Patent Classification:
A61F 13/04 (2006.01) D04B 21/14 (2006.01)

International Application Number:
PCT/US2012/068914

International Filing Date:
11 December 2012 (11.12.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/569,520 12 December 2011 (12.12.2011) US

Applicant: BSN MEDICAL, INC. [US/US]; 5825 Carne-
giec Boulevard, Charlotte, NC 28209-4633 (US).

Inventor: EVANS, John, C.; 14 Haugh Fold, Newhey,
Rochdale, Lancashire OL16 3RF (GB).

Agents: ADAMS, W., Thad, III et al.; Shumaker, Loop &
Kendrick, LLP, First Citizens Bank Plaza, 128 South Try-
on Street; Suite 1800, Charlotte, NC 28202-5013 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, 5G, SK, SL, SM, ST, SV, SY, TH, TJ,
M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, IW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34) Title: KNITTED SUBSTRATE FOR USE IN MEDICAL BANDAGING PRODUCT AND BANDAGING PRODUCT

anah
MR

RS
ARG
\\-‘ S

.2
//
)

§\\\\‘ LN
W &
™

P
AN
A

[

(57) Abstract: A medical bandaging product including a sealable enclosure and a resin-impregnated substrate mcluding a knitted
fabric layer having upper and lower surfaces with mterconnected knitted fabric yarns knitted such that at least one yarn extends
across a gap from the upper surface to the lower surface along a width of the substrate in a back-and-forth pattern forming a single,

integ

rated three-dimensional structure, wherein the at least one yarn extends between non-adjacent needle positions m a back-and-

forth pattern in successive courses to provide a continuous pattern on both the upper and lower major surfaces of the substrate,
wherein needle bed gap spacing is between 7.1 mm and 8 mm and a total thickness of the substrate is between 4.75 mm and 4.90

ImiIm.
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KNITTED SUBSTRATE FOR USE IN MEDICAT,
BANDAGING PRODUCT AND BANDAGING PRODUCT

TECHNICAL FIELD AND BACKGROUND OF THE INVENTION

[0001] This invention relates gencrally to the field of orthopedic medicine, and more
particularly, to a medical bandaging product and material that includes a warp knitted,
doublc-layered fabric substrate. The subsirate material disclosed herein achicves enhanced
strength as a result of novel structural charactetistics not found in the prior art.

[0002]  Medical bandages for usc in the treatment of 1njuries, such as b‘rolcen bones
requiring immobilization of a body member, are generally formed from a strip of fabtic or scrim
material impregnated with a substance that hardens into a rigid structure after the strip has been
wrapped atound the body member, The hardening substance traditionally used 1n catrying out
this procedure is plaster~-of-paris.

[0003]  Conventional practice has been to fabricate & cast or splint upon an infured
limb by initially applying to the limb a protective covering of a cotton fabric or the like, and then
overwrapping the covering and limb with a woven cloth impregnuted with plaster-of-parig that
has been wetled by dipping in water immediately prior to application, This practice is still in
widespread use, but possesses several sipnificant disadvantages. For example, the
above-described application procedure is messy, time consuming, requires several components,

and requires considerable skill,

[0004] [ order to allcviate the above-recited disadvantages of the conventional

application procedure for plaster-of-paris casts and splints, unitary splinting materials have been
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devised and are disclosed in, for example, U.S. Pat. No. 3,900,024, U.S. Pat. No. 3,923,049, and
U.S. Pat. No, 4,235,228, All of these patents describe a padding material with a plurality of
layers of plaster-of-paris impregnated cloth.,

[0005] ‘ A significant advance in the att of casting and splinting is disclosed in U,S.
Pat. No. 4,411,262 and U.S, Pat. Né. 4,502,479, The casting materials disclosed in these patents
include bandaging materials that incorporate a substrate formed firom a plurality of flexibie fabr.ic
[ayers, such as fiberglass, impregnated with a moisture-curing resin, These bandaging matetials
are enclosed in a moisture-free, moisture-impervious packdge untii use, Compared to
plaster-of-paris, these products are extremely lightweight, have a very high strength-to-weight
rafto and can be made relatively porous, perinitting a flow of air through the casting material.
However, no provision has been made for moisture-curing systems that incorporate a substrate
that is formed from a single laycr of fabric, yet is strong and absorbent encugh to be impregnated
with amounts of moisture-curing resin comparable fo thosc amounts absorbed by conventional
multi-layered substrates,

00061 U.S. Pat. No. 4,770,299 and U.S. Pat. No, 5,003,970, among others ownced by
the present applicant, each disclose roll-form synthetic bandaging products that include the
ability to dispense desired lengths of bandaging material when needed, while sealing the
remaining length of material for later use. Similar products are also sold in precut lengths sealed
in a single use, moisture-impervious envelope.

10007] Both the conventional plaster-pf-paris cast and splint products, and the more

recent moisture-curable resin cast and splint products possess certain disadvantages,

Plaster-ofiparis casts are bulky, heavy and difficult to apply. Even though moisturc-curable resin
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bandage products are lighiweight, durable and relaﬁvely easy to apply, such products remain
relatively expensive (o produce due to the nced to carefully assemble multiple layers of fahric
nto a long stack of precisely-aligned layers.

[0008]  This invention combines the advantages of both plaster-ol~paris and
molisturc-curable resin systems while avoiding their tespective disadvantages, Unlike prior art
resin systems that employ multiple layers of resin-impregnated subsirale layers, the resin system
of the present invention Tﬂl{eé advantage of a single layer of warp-knitted fabric, Substrates of
the general type described in this application are known, and are disclosed in, for example,
applicant’s own issued .S, Pat, No. 7,972,288, U.S. Pat. No. 7,960,603 and U.S. Pat. No,
7,854,712, This unique substrate fabric employs a continuous inlaid stitch, This results in a
double-knitted fabric that has a lighter weight, yet retains the absorption capabilities of
multi-layered substrates. Using a single layer of double-knitted fabric in the substrate Lurther
resuits in reduced production and labor costs in comparison with other synthetic cast products.
For exaniple, assembly of prior ait, zﬁu!ti-layered substrates requires placement of the overlying
[abric layers of the substratc by hand, which 1s a time consuming process. “I'o ensure that the
fabric layers do not separate, the layers must then be stitched together by running one or more
seams along the entire length of the substrate, (se ofa substra.lte having onty one layer

eliminates these labor-intensive layering and stitching steps, and results in a bandaging product

that is moie cost effective to produce,

t0009] Eliminaling the multi-laycred substrate structure also eliminates the rough,
nneven edges present on prior art cured substrates, Such frayed edges are commonplace in prior

art bandaging products having multi-layered substrates, and materialize after the resin in such
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substrates undergoes final curing, Thesc rough edges cause irritation and damage to the skin of
the paticnt upon whom the bandage is ultimately applicd. In contrast, the substrate of the present
invention has uniform side edges that result from using the single-layer of double-knitted fabric,
rather than multiple, uncven fabric layers, This novel structure results in @ medical bandage
procluct having a moisture-curable substrate that is lighter in weight than conventional products,
yet is stronger and more cost-effective (o produce, Careful construction and a unique and
counterintuitive relationship between the technical inner and outer surfaces and the space
between the technical surfaces provide further enhancement in the quality of the substrate, both
m comfort, case of application and ultimate rigidity, Morc rapid hardening of the substrate
provides a more realistig subjcclive impression of rigidity more in keeping with hardening rated

in prior art fiberglass splinting and casting products.

| WR— |

INVENTION

BRIEF SUMMARY OF THE

10010} In one aspect, disclosed hercin arc cmbodiments of medical bandaging
products and substrates for usc in medical bandaging products.

10011} In another aspect, disclosed herein is a medical bandaging product including a
subsirate formed from a single layer of double-knitted fabric capable of absorbing an increased
amount of a moisture-curablc resin that hardens the substtate upon exposure to moisture Lo [orm
a rigid, self-supporting structure,

(00121  To achicve the forepoing and other aspects, disclosed herein is a substrate
inclnding a knitted fabric layer having & major upper surface and an opposing major lower
surface (i.e., a “top” and a “bottom™), the knitted fabric layer including spaced apart edges and a

plurality of interconnected knitted fabric yarns knitted such that al least one yarn extends across
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a gap from the major upper surface to the major lower surface along a width of the substrate in a
back-and-forth pattem across the gap between the major upper surface and the major lower
surface, thereby forming a single, integrated inseparable three~dimensional structure, and
wherein the at least one yarn extends between non-adjacent needle positions in a back-and-forth
patlern in successive courses to provide a continuous pattern on both the upper and lower major

surfaces of the sybstrate.

[0013] In a further embodiment, the gap spacing may be between 7.1 mm and § mm.

10014 In a further embodiment, the toial thickness of the substratle may be between
4.75 mm and 4,90 mm,

10015] In a further embodiment, a reactive system may be impregnated inio or coated
onto the substrate that remains stabie when maintained in substantiglly moisture-free conditions
and hardens upon expasure to moisturc to cooperate with the three-dimensional structure to form
a 1ig1d, self-supporting structure,

[0016] In a further embodiment, a soft, flexible wrapping encloses the substrate along
its length and provides cushioning between the substrate and the patient.

(0017 In a further embodiment, a medical bandaging product is disclosed herein
including an enclosure formed of a moisture-impervious material sealable to prevent entry of

moisture, and a medical bandage material positioned in the enclosure and sealed thercin against

cntry of moisture until use.

[0018] The medical bandage material may include a substrate including a knitted fabric
fayer having a major upper surface and a major lower surface, the knitted fabric layer including

spaced apart edges and a plurality of interconnected knitted fabric yarns knitted such that at least
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one yarn extends across 4 gap [rom the major upper surface to the major lower surface along a
width ol (he subsirate in a back-and-forth pattern across the gap between the major upper sutface
and the major lower surface, thereby forming a single, infegrated inseparable three-dimensional
structure, and wherein the at least one yarn extends between non-adjacent needle positions in a
back-and-forth pattern in successive courses to provide a continuous pattern on both the upper
and lower major surfaces of the substrate, the gap spacing being between 7.1 mm and 8 mm and
the total thickness of the substrate being between 4.75 mm and 4.90 mm,

[0019] A reactive system may be impregnated into or coated onto the subsirate that
remaing stable when maintained in substantiatly motisture-free conditions and hardens upon
cxposure {o moisture Lo cooperate with the three-dimensional structure to form a rigid, seli-
suppmﬁng structure,

[0020] The substrate may be enclosed in a cushioning wrapping.

[002]] The medical bandaging product may have a length suitable for a given medical
use. The medical bandaging product may include an enclosure formed of a moisture-impervious
material scalable to provent entry of moisture, The medical bandage material is positioned in the
enclosure and sealed therein against entry of moistute untif use.

[0022] In a further embodiment, disclosed herein is a medical bandaging product
provided in roll form for being dispensed in predetermined lengths suitable for a given medical
use. The medical bandaging product includes an elongate sleeve formed of moisturc-impervious
material and sealable to prevent entry of moisture. An elongate medical bandage material -

substantially the same length as the sleeve is positioned in the sleeve in a single Jength along the

length of the sleeve and sealed therein against entry of moisture until use. The medical bandage
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material includes a substrate formed from a single integrated knitted fabl’i ¢ sheet having plurality
of interconnected knitted fabric layers forming a three-dimensional structure. A reactive system
(s impregnated into or coated onto the substrate, The reactive system remains stable when
maintained in substantially moisturc-free conditions and hardens upon exposure o sufficient
moisture to cooperate with the three-dimensional structure to form a rigid, self-supporting
structure, A sofi, flexible proteclive wrapping cncloses the substrate along its length for
providing a cushioning batrier interposed between the substratc.and a patient when the medical
bandage material is in use, The medical bandape material is positioned in the enclosure for
being dispensed in a desired usc lenglh Drom the sleeve, and the sleeve 15 adapied for being
rescaled to prevent moisture from entering the enclosure, The gap between the nner and oufer
surfaces 1s increased over prior art products, counter mtuitively providing more rapid hardening
due to an increased rate of water penetration into the thickness ot the substrate,

10023] Additional features, aspects and advantages of the invention will be set forth
in the detailed description which follows, and in part will be readily apparent (o those skilled in
the art from that description or recognized by practicing the imvention as described herein. It s
to be understood that both the foregoing gencral description and the following detailed
description present various embodiments of the invention, and are intended to provide an
overview or framework for understanding the nature and character of the invention as it is
claimed. The accompanying drawings are included to provide a further understanding of the
invention, and are incorporated in and constitute a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other features, aspects and advantages of the present invention are
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better understood when the following detailed description of the invention is read with reference
{o the accompanying drawings, in which:
[0025]  FIG, 1 is a poerspective view of a medical bandaging product according to an

cmbodiment of the invention!

100261 FIG. 2 is a cut-away fragmentary perspective view of the medical bandaging
product shown in FIG. I;

10027]  FIG. 3 is a cross-sectional view taken along lines 3-3 of FIG, 1;

[0028] TG, 4 is a perspective view of a medical bandaging product according {o
another preferred cfnbodimcnt of the invention:

[0029] FIG. 5 1s a cut-away perspective view of a length of medical bandage mauterial
according to FIG, 4;

[0030) FiG. 61sa Stitcﬁ diagram showing the stitch pattern used to form: the substrate
according to the present invention;

[0031]  FIGL 7 illustrates a {irst step of applying the medical bandage malcerial
according to the present invention; and

[0032]  FIG. 8 illustrates a sccond step of applying the medical bandaging material.

DETAILED DESCRIPTION OF THE INVENTION

10033] Referring now specifically Lo the 'drawings, a medical bandagimg product
according to the present invcntioﬁ is shown generally in FIG. 1 at reference numeralt 10, 'Lhe
medical bandaging product 10 includes a moisture-impervious package 11 formed from two
laminated sheets 12, 13 that are placed in registration and heat seaied along opposite edges 14

and 15, As is shown in I'IGS. 2 and 3, the bandaging praduct 10 also includes a medical



CA 02856384 2014-05-16

WO 2813/090245 PCT/US2012/068914

bandage 20 that is maintained in moisture-free conditions within the package 11 until use.

[0034]  The medical bandage 20 is a “pre-cut” type bandage sized to be used on a pre-
determined size and type ol body parl. The bandage 20 includes a substrate 21 that is encased
within an outer cushioned wrapping or cover 22 formed of a sofl, flexible, non-woven fiber such
as polypropylene or any other suitable hydrophobic fiber. Enclosing the substrate 21 within the
cover 22 provides a cushioning protective layer belween the skin of a patient and the substrate 22
after the bandage 20 has been applicd. As discussed more fully below, the substrate 21 is formed
from a single layer of a knitted, relatively open, fabric, such as fiberglass,

0035] The package 1! includes outer, middle and inner layers. The outer laycer is
preferably formed of a (ear-resistant plastic film, The middle layer is preflerably formed from
aluminum foil and acts as a moisture resistant barrier for protecting the bandage 20 whilc stored
within the package 11. The inner layer is preferably formed from a plastic film having
thermoplastic properties suitable for heal-scaling the interior of the package 11 sccurcly against
moisture,

[0036] Referring now (o FIG. 4, a medical bandaging product according to another

preferred embodiment of the invention is illustrated and shown generally at refercnee numeral

30, Bandaging product 30 may be sold in any convenient length, such as 24 feet, and is rolled
into a coil and positioned within a suitable dispenser 31. Dispenser 31 is provided with a slot 32
defined in one lower corner through which an end 33 of bandaging product 30 extends for
dispensing the product 30 from the dispenscr 31 in the direction “D” shown,

100371 Referring now to FIG. 5, the bandaging product 30 includes an elongatc

medical bandaging material 35 that is packaged in moisture-free conditions in a foil sleeve 30.

Y
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The sleeve 36 1s formed from two laminated, clongate foil sheets 36 A, 361, which are placed in
registration and beat sealed along opposing side edges 37A, 37B to form a tube having an open
end 38. Bach sheet 36A and 36B is formed from the same materials and includes tbc SeLC
components as the package 11, The bandage material 35 includes a substrate 3% surrounded by a

tubular wrapping 40 formed of the same material as the cover 12 described above 1n reference to

FIG, 3. Enclosing the substrate 39 within the wrapping 40 protects and cushions the skin of a

paticnt from the substrate 39 after the bandage material 35 has been applied.

[0038]  The substrate 39 is formed from a single layer of a kanitted relatively open
fabric, such as fiberglass which ig identical to that used to form substrate 21, The substrate 21 or
39 may alternatively be formed from polyester,

[0039] Referving now to FIG. 6, the preferred structure of the fabric used to form
both substrate 21 and substrate 39 is shown. The substrate of the present invenlion is preferably
knitted on a warp knitting machine employing three guide bars. These guide bars are shown in
the stitch diapram illustrated in FIG, 6 ag the front, middie and back guide bars, respectively.
Using substrate 21 as a representative example FIG, 6 shows the preferred stiteh pattern used to
form the substrate 21, Three yarns 21A, 21B, and 21C are cmployed, Yarn 21A is threaded on
the front guide bar and has back-and-forth movement to non-adjacent needles in successive
courses as indicated by the numbers (0-2/2-4), Yarns 21B and 21C are threaded on the respective

middle and back guide bars and have similar movements as indicated by the numbers

(0-0/4-4/8-8/4-4) and (68/0-2) respectively,

(0040] Yarns 21A, 21B, and 21C are knitied on the respective [ront, middle and back

cuide bars continnously, resulting in a three-dimensional fabric having sufficient weight to

10
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absorb adequate quantitics of resin.

(0041] Present single layer fiberglass substrates produced and used by applicant
provide good results. However, a somewhat slower set time for the resin pmvidcé a subjective
but ot entirely warranted impression of a lower rigidity value,

[0042]  In orderto improve the pereeption and subjective analysis of the a single layer
knitted substrate product testing was carried out with the goal to improve the time within which
the substrate hardens to the optimum hardness, together with as [ew physical changes as
possible, [or cxample, retaining use of the same resin and knitted structure,

[0043] It has been determined that resin set time is closely related to the rate at which
water ingresses into the structure of the knitted substrate, and with this in mind the tests and {rials
were carricd out with a view towards improving water take up rate in order to set the resin faster

while avoiding changes that would adversely affect the other excellent qualities of the substratc

product,

[0044]  As the result of festing and trials, it was ultimately found, surprisingly, that
opening the needle bed gap between the top and bottom layer provided the required

improvement,

[0045]  Once it was determined that the needle bed gap was the determinative factor,

trials to determine the most desirable needle bed gap were carried out, and results were obtained

that returned rigidity resulfs at the 4 minute time point after wetting that were 40% bet{er (than

rigidity values applicablc to the current knified substrate product.

[0046]  Testing included usc of the commercial resin in current use and G75 glass

yarn and textured glass yarn knitted on a Comez™ knitting machine,

11
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0047]  The needle bed gap on the knitting machine was adjusted from the current 6.5

mum oul (0 8,0 mm. The number of wales and ends per width were setl according o the tables

below:

SIZE mm "~ Needles/width,

- 25mm [7

33mm 35

- 75mm 50

' 100mm 68 |

125mm 86 1

150nmm {0]

200mm [28

UG — -

Width, BAR] BAR2Z BAR3 BAR4 DBARS BARG

23mm {4 12 13 13 12 14

S0nun 32 24 31 31 24 32
(73mm 47 34 46 46 34 47 |
100mm 65 46 64 64 46 65
125mm: 33 58 82 82 5§ 83

1Somm 98 68 97 97 68 98

200mm 125 80 124 124 86 125

Courses per cns 7.80.
Target weight 75mm= 124.3grms+/- 0.5.

The material was knitted, using 60 rolls of cach size at 30ft lengths with 3 resin contents at

38%, 40% and 42% resin levels.

12
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[0048] An additional 32 rolls of 25 mm, 100 mm and 150 nun wide knitted fiberglass
material was prepared for fransit trials and a stability study was run on the 75mm width fabric at
25 degrees C, 40 deprees C and 535 degrees C.

10049] The knitted substrates were tested on an Instron: Teasile Strength Tester™,
using a 10 Omm slab strength 3-point bend apparatus,

10050 Prior art substrates produced with a 6 mm needle bed gap returned a 4 minute
rigidity value on the Instron Tester™ of 0.6 kg/em®, In contrast, increasing the needle bed gap to
8 mun returned a 4 minute tigidity value on the Instron Tester™ of 0.9 kg/em®.

00511 It was further determined that a needle bed gap of hetween 7.1 mum and § mm

> Needle bed gaps greater

returng a 4 minute rigidity value on the Instron Tester™ of 0,9 ky/cm
than 8 mm return rigidity values that diminish, thus establishing that the range between 7.1 mm
and 8 mm results in optimum rigidity at the 4 minute {ime point after wetting, with a necdle bed
gap of 7.3 mm most preferred.

(0052] Substrates 21 and 39 are each impregnated or coated with a reactive system
which remains stable when maintfainced in substantially moisture-[rce conditions but which
hardens upon exposure to sufficient moisture 1o form a rigid, self-supporting structure. Once
removed from the knitling machinc the nominal thickness of the substrate, relaxed, 1s 4.75 mm fo
4,90 mm. The ratio of the gap to the total thickness is about 71%.

[0053] A typical formulation of the reaction system is set forth in the following table:

Typical Formulation:
Isonate 143L or pelyisocyanate 50.0%

Mondur CD or Rubinate X168 Pluracol P1010 polyol 46.6%

13
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DC-200 Silicone defoaming apent 0.30%
Benzoyl Chloride stabilizer 0.10%
Thancat DM-70 catalyst 3.0%

Tolal 100%

[0054] A complete digcussion of the parameters of the reactive system, the manner of
production and the variables which apply are found in U.S, Pat. No. 4,411,262, referred to above.
The weight of substrate 21 or 39 after being impregnated wilh the rcactive system is preferably
3,144 g/n12 , with a preferred range of between 2,490 g/m to 4,534 g/m”. After undergoing the
curing process, the finished weight of the impregnated subsirate 21 or 39 is preferably 3,168
g/m*, with a preferred range of between 3,000 g/m to 4,600 g/mz,

|0055] Referring now to FIGS, 7 and 8, preparation and application of the medical
bandaging matcrial of the present invention is tlustrated. The splint shown is commonly known
as a posterior short leg splint, and is formed by molding a Iength of the medical bandage 35
along the calf, over the Achilles tendon and heel, and onto the foot, As is shown in FIG. 7, an
appropriate length of moistened medical bandage material 35 is first formed {o the shape of a
body member to be immobilized, Once the bandage 35 i1s formed to the shape of the body
member, the bandage 35 is overwrapped with a conventional elastic bandage “B”, as is shown in
FIG. 8.

[0056] Although the medical bandage material 35 of medical bandage product 30 15
shown in FIGS. 7 and 8 in use as a posterior short leg splint, the medical bandage products 10,

30 and 60 may be utilized in any suitable medical procedure where immobilization of one or

more body members 18 required,

14
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|0057| A medical bandaging product and material formed of a moisture-curable plastic
material, « method for constructing such an improved medical banduge, and a method of
constructing and applying an improved bandaging product is described above. Various details of
the inventiion may be changed without departing from its scope. Furthermore, the foregoing
description of the preferred embodiment of the invention and the best mode for practicing the
mvention arc provided for the purpose of illustration only and not for the purposc of

limitation--the invention being defined by the claims,
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Claim:

1. A medical bandaging product comprising:

a. an cnclosure formed of a moisture-impervious material sealable to prevent entry

of moisture; and

b. a medical bandage material positioned in the enclosure and sealed therein against

entry of moisture until use, the medical bandage material comprising:

1. asubstrate comprising a knitted fabric layer having a major upper surface
and a major lower surface, the knitted fabric layer including spaced apart
edges and a plurality of interconnected knitted fabric yarns knitted such
that at least one yarn extends across a gap from the major upper surface to
the major lower surface along a width of the substrate in a back-and-forth
pattern across the gap between the major upper surface and the major
lower surface, thereby forming a single, integrated inseparable three-
dimensional structure, and wherein the at least one yarn extends between
non-adjacent ncedle positions in a back-and-forth pattern in successive
courses to provide a continuous pattern on both the upper and lower major

surfaces of the substrate, wherein needle bed gap spacing is between 7.1

mm and 8 mm to achieve a substrate rigidity that is greater than a substrate

made from needle bed gap spacing falling outside of 7.1 mm to 8 mm, and

a total thickness of the substrale 1s between 4.75 mm and 4.90 mm;

16
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1. areactive system impregnated into or coated onto the substratc that
remains stable when maintained 1n substantially moisture-free conditions
and hardens upon exposure to moisture to cooperate with the three-

dimensional structure to form a rigid, self-supporting structure; and

111. a cushioning wrapping enclosing the substrate along its length.

2. 'The medical bandaging product according to claim 1, wherein the cushioning wrapping is

constructed from non-wovcen fiber.

3. The medical bandaging product according to claim 1, wherein the cushioning wrapping is

constructed ot polypropylene.

4. The medical bandaging product according to claim 1, wherein the cushioning wrapping is

constructed of hydrophobic fiber.

5. The medical bandaging product according to claim 1, wherein the substrate 1s constructed

of fiberglass.

17
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6. The medical bandaging product according to claim 1, wherein the substrate is constructed

of polyester.

7. The medical bandaging product according to claim 1, wherein the knitted fabric layer is

knitted on a warp knitting machine using three guide bars and three yarns.

8. The medical bandaging product according to claim 7, wherein a first yarn is threaded on a
{ront guide bar and has back-and-forth movement to non-adjacent needles in successive
courses, and second and third yarns are threaded on the respective middle and back guide

bars and have similar movements.

9. The medical bandaging product according to claim 7, wherein first, second and third

yarns are knitted on respective front, middle and back guide bars continuously.

10. The medical bandaging product according to claim 1, wherein the needle bed gap spacing

1S 7.3 mm.

18
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11. The medical bandaging product according to claim 1, wherein a ratio of the needle bed

gap spacing to the total thickness is 71%.

12. The medical bandaging product according to claim 1, wherein a weight of the substrate

after being impregnated with the reactive system is between 2,490 ¢/m? and 4,534 g/m>.

13. The medical bandaging product according to claim 1, wherein a finished weight of the

impregnated substrate is between 3,000 g/m? to 4,600 g/m?.

14. A substrate comprising:

a. a knitted fabric layer having a major upper surface and a major lower surface, the
knitted fabric layer including spaced apart edges and a plurality of interconnected
knitted fabric yarns knitted such that at least one yarn extends across a gap from
the major upper surtace to the major lower surface along a width of the substrate

in a back-and-forth pattern across the gap between the major upper surface and
the major lower surtface, thereby forming a single, integrated inseparable three-

dimensional structure;

19
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b. whereln the at least one yarn extends between non-adjacent needle positions in a
back-and-forth pattern in successive courses to provide a continuous pattern on

both the upper and lower major surtaces of the substrate;

c. wherein needle bed gap spacing is between 7.1 mm and 8 mm to achieve a

substrate rigidity that is greater than a substrate made from needle bed gap

spacing falling outside ot 7.1 mm to 8 mm; and

d. a total thickness of the substrate 1s between 4.75 mm and 4.90 mm.

20
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