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1 Clafma,

This Invention relaies to splints, shores and the
iii:uzz» strushires used In the treatment of sprains
and frschires.

In treaiing sprains and fracturas it is the vsual
practice to form & cast, spling or the like about
the site of the injury 20 3s to render immobile
the injured bone, muscles, ete., adjacent thereto,
the usuel technique consisting escentislly in the
sppleation of the so-called “plaster of Parig”
(dehydrated celcium sulphate) bandsge in con-
junction with slabs of wood, metal braces or the
like reinforcing elements. Although this prac-
tice has been in vogue for yeers, it hag several
disadvaniages which have been recognized by the
medical profession and slso the patlent. For ex-
ample, the welght of the plaster cast freguently

. causes the benes to Enit in maladjusied relation,

and, due to the opacily of the plaster of Peris,

the use of Roenigen ray pholography to detect

defective setting is rendered practicsily impos-
sible.

Rioreover in splints of the non-tubuler type it
is ipvariebly necessary to employ reinforcing
strips of & nature which do not readily conform
o body confours and ag such reinforcing strips
tend to spen the gaps or resntrant portions of
frregular surfaces to which they axe spplied, they
do not aflord adegquate support and hence it is
usually necessery to apply sdditional plaster, thus
greatly inereasging the bulk snd weight of the
cast,

The principal objects of the present inveniion
are to overcome the aforementioned objections
ang to provide s msferinl which may be resdily
formed into sn eccurately fitting cast or spling
by the dlvect application of the conditioned mate-
rial which when appled is in moldable condition
and which Iz inberently capable of setting or
herdening ab temperatures endursble by the hu-
man body g0 ag to provide & rigiq structure which
is of relafively light weight and permeable to X-
rays,

Giher @bjects of the invention are to provide
& strong and rigid splint-forming materie] en-
tirely conformable Lo the ares treated and having
en immobilizing ilme not exceeding five minutes
after application o the trealed ares, and to pro-
vide 8 splint-forming material which after hard-
ening In situ may be overlaid and/or incorpo-
rated info a solvent-softened iype of cast mate-
rial or aliernatively in a plaster of Paris type of
cast,

Furbher objects and advantages will be appar-
ent irom » conslderstion of ihe foliowing de-
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seription and the accompanying drawing where-
in : :

Fig. 1 is a chart illustrating the characteristics
of & thermoplastic composition useful in the pres-
ent invention;

Fig. 2 is a fragmentary perspective view illus-
trating one type of splint-forming material; and

PFig. 3 is a view similar to Fig. 1, but illustrat-
ing another type of splint-forming material.

I have observed that when thermoplastic resin-
oids, which are normally hard at ordinary tem-
perstures, are heated to their flow point and
subsequently cooled to temperatures at which
they again become hard, the femperature at
which they regain their hardness on cooling is not
the same as the temperature at which they lose
their initial herdness on heating. In other

" . words, such compositions possess & hysteresis
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chnracteristic which varies with ithe particular
resinold or mixture of resinoids.

I have found that it is possible to modify the
hysteresiz chizracteristic of normally hard ther-
moplastic resincids and the llke compositions so .-
that upor hesiing they retsin thelr hardness up
te & certaln preseribed poini or range, after
which they become soft and readily moldable, and
upon cooling they retsin their moldabllity down
o & certain prescribed polnt or range, after
wiiich they become relatively hard ang resistant

v t0 How. ‘The point or range at which the resin-

old becomes goft and moldable on heating is here-
in referred to ag the “primary softening point,”
and the point of range at which the resinoid on
cooling loses iis sofiness and moldabiiity iz re-
ferred to herein as the “secondary sofiening .
point,” the difference between the two being an.

deex of the hysveresis characteristic.

Although I am not prepared to explain the
cause of the hysteresis phenomenon, it is quite
possible, if not probable, that such thermoplastic
compositions possess t0 & greater or lesser ex-
tent the character of supercooled melts in which
the constituents function to reduce the crystalliz-
ation velocity, Howevar, I do not wlsh to Hmit
myself to this explanation.

In accordance with the present invention, I
provide s splint-forming materia! which Is pref-
erably in sheet Zorm, comprising a fibrous base
impregnated with @ water-insoluble or water-
resletant thermoplastic composition which is nor-
melly hard and resistant to fow, having an initial
softening point above the maximum temperatures
endurable by the human body, and & second soft-
ening polnt at or below the maximum tempera-
tures endurable by the humm bgdy, thereby per-
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mitting the material, when ln moldabie condi-
tion, to be applied to the site of a fracture or in-
jury to provide an accurately fitting splint of
light weight end permesbie to X-rays.
The.fibrous base may consist of ocne or more
iayers or plies of & bibulous fabric such as felt,
wadding, batting etc., & woven fabrie such as os-
naburg, scrim, terry cloth, ete.; a.nap fabric such
ag fiannel; or a knitted fabric, all of which are
capable of holding an adequate amount of &
thermoplastic impregnant te form a unified
splint-forming material of the desired strength
and rigidity. In order te insure adequafe ex-
" tensibility I preferably employ a laminated fab-
. ric base having a cross-grained fabric construc-

tion, such as one or more inner layers of rela-.

tively coarse fabric interposed between one or
more outer layers of knitted fabric, the wales and
courses of the contiguous layers of the outer plies
preferably extending in different directions. .

" The thermoplastic impregnant may comprise
natural or synthetic water-insoluble resins which
may be medified by or blended with plasticizers

15

15

20

or any other ingredients capable of producing &

composition having the characteristics indicated

in Fig. 1, wherein the line AB represents the maxi- .~

mum temperature endurable by the human body

(approximateiy 120° F.), the line CD represent-

ing the minimum hardness capabie of effecting
substantial immobilization and the line EF rep-
resenting minimum softness permitting mold~
" ability. The intersection (x) of the lines AB and
EF represents the minimum softness and maxi~
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mum temperature ag which the thermoplasiic

composition is moldable and yet capable of be-
ing applied to a patient without injury to the tis-
sue. The curve OQG represents the hardness/
softness factor or characteristic when being
heated, and the curve OH represents the hard-
. ness/softness factor or characteristic of the same
composition when being cooled from a tempera-
ture at or above its melting point (ring and ball).
It will be observed that the curve OG intersects
the line CD beyond the line AB, and hence at
temperatures endurable by the human body the
- thermoplastic composition possesses sufficlent

rigidity or hardness to insure substantial immo-

. bilization. The intersection of the curve OG and
‘" the line EPF indicaies the temperature at which
the composition becomes sufficiently soft to per-

mit molding, it being observed that the tempera--

ture indicated by the latter point is greater than
the maximum temperature endurable by the hu-
man body. The curve OH represents the hard-
ness characteristic of the composition when be-
ing cooled, and it will be noted that due to hys-
teresis the curve OH intersects the line AB at a
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point (y) which is above the line EF, thus show=

ing that st the maximum temperature endurable
by the human body the composition is readily
moldable and retains its moldability down to s
temperature indicated by the point 2, the inter-
section of curve OH and line EF, which is con-
" siderably lower than the maximum temperature
endurable by the humsn body. On further cool-
ing the composition regaing substantially its
original hardness, as indicated by the merging
of the curves OG and OH. »

A thermoplastic composition having the char-
acteristics indicated in Fig. 1, may comprise such
natural resinoids as the bitumens, certain vege-
table, mineral and animal waxes or mixtures

thereof which may be modified by or blended with

other materials capable of imparting the desired
characteristics, or such synthetic resinoids as the
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‘modifiers and piasticizers.
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cumaron-indene zesins, the cellulose esters, vingd
resing or the liks polymers, o mixtures of nety.
ral and synthetic resinoids, with or without fllers,
In any case, the rs-
sulting composition should be normally hard and
sufficiently resistant to fiow at tempereiures en-
durable by the human body 50 that & zplint made
therefrom furnishes substantial imsmopilizziion
of the part at which it is applied, and in addition
its secondary sofiening point should be zuch zs
to permit application of the splint without dan-
ger of injuring the patient.
" Where, as i8 preferred, the fibrous base com-
prises a plurality of plies, the number and welght
of such plies, as well as the proportion of {her-
moplastic impregnant may be varied throughout
2 wide range, depending upon the rzgulred
strength and rigidity of the splin} to be meds
therefrom and such other factors as the inherent
strength of the impregnating composition, the
characteristics of the individual plies, etc. 2s o
general rule a satisfactory splini-forming mate-
rial may be made from a fabric base and & water-
insoluble thermoplastic compoesition of the cher--
acter above specified when the proportion of
these constituents falis within the following .
range: S ‘
- : Ta Paris by walshd
Fibrous base (dry bases) I
Thermoplastic compozition 2.9
Referring to Fig. 2, the particular splint-form-
ing material thers shown comprises & relotively
coarse central ply § of woven fabric such as bus-
lap having a weight of approximately 7% oz.
per 50’ yard, and on each side of the central ply
§ are intermediate plies 2 and outer pliez & of
knitted fabric preferably having 8 weight of ap-
proximately 2 oz, per squarse yard. The wales of
the intermediate plies may extend longitudinsliy
and the courses transversely and the several pliss
may be secured together by suitable stitching 5,
thus producing & laminated fibrous base having
& cross-grain construction which permits greater
extensibility than would otherwise be possible.
In Fig. 3 I have shown a modified form of fab-

- ric base which comprises & central piy i of rel-

atively coarse woven material, Intermediate nies
2* of hias cut woven fabric of finer weave than
the central ply %, and outer pliez 25 of kmitied
material, the several plies being united by & row
of stitching §. )

The laminated fibrous base prepared as above
set forth may be immersed or run through 2
molten bath of thermoplastic masaterial of the
character above described and impregnsied to
the extent previously indicated, after which %
may be cut up Into suitable sizes and shapes for

convenient application. A specific exemple of

what is now considered a preferred thermogplasile
composition for splints adapted for gemeral uge
is as follows: -

Paris by waight

Carnsuba WaX...- 51
Candelilla wax — 30
CGround vulcanized rubber . e an

The three ingredients are thoroughly mixed,

. the rubber preferably being added to the moliten

mixture of candelills and carnaubs waz, and i
desired, coloring materials, prefersbly of slu-
minum or like metallic compounds, organic colcrn
or the like, which are relatively permeable to
X-rays may be added fo the molten miziure o
produce 8 white or flesh color. Afier heving
prepared the thermoplastic composiiion the
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fibrous base may be immersed in the molten bath
preferably at & temperature of the order of 300°
F. After sufficient impregnation has taken place,
the flbrous base is withdrawn and passed through
. suitable calenders, thereby to integrate or unify
the impregnated base. Upon cooling, the result-
ing product becomes hard and rigid and is of light,
weight and uniform thickness; Due to the tem-
perature employed in the impregnating treatment
-the splint-forming materia] is sterile and without
further {reatment may be maintained in condi-
tion for immediate use since the thermoplastic
composition employed does not favor the growth
of pathogenic org L ’
. A splint-forming material comprising a fibrous
"base having the construction lustrated in Fig, 2
.and impregnated with the specific thermoplastic
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- composition above set forth possesses the follow-

ing characteristics:

Welght of central Ply I._____oz.persq.yd__ . 54
Weight of outer plies 2 and 3 ]

: - 0z, persq.yd.. 2.0
Total weight of fibrous base_oz, persq.yd.. 7.4
Weight of thermoplastic composition

. : 0ozZ.persq.yd.__ 56.0
Gross weight of splint-forming material
‘ o 0Z.persq.yd.. 63.4
Thickness of splint-forming material (ap-
proximate) ._ inch__ 0.115
" Primary softening point (approximate) _“F__ 136
Becondary softening point (approximate)
. : °F_. 110

In applying the splint made in aceordance with
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the present invention it is merely necessary to

subject it to a temperature sufficient thoroughly
to soften the thermoplastic material so that it
becomes readily moldable and to this end the

splint-forming material may be placed above a .

radiator or in an oven heated to & temperature
of the order of 150° F. - When thoroughly soft-

ened the material may be cooled to a temperature

endurable by the patient and directly applied to
the site of the injury or fracture which, of course,
may be wrapped in g stockinette or the like
brotective covering. After application it takes
but & short time, less than five minutes, before
the splint cools to a point at which the thermo-
plastic composition substantially regains itg
original hardness and rigidity or becomes suffi-
clently rigid to immobilize the part to which
it is applied.

I claim: .

Splint-forming material comprising a fibrous
base impregnated with a normally hard thermo-
plastic composition comprising approximately six
parts carnauba wax, three parts candelilla wax
and one part vulcanized rubber, said composition
being sufficiently resistant to flow and deforma-
tion at temperatures endurable by the human
body to- effect substantia] immobilization of the
part to which the material is applied, said com-

- position having a primary softening point greater
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than the maximum temperature endurable by

the human hody and g secondary softening point .

not exceeding the maximum temperature endur-
able by the human body.
. STANLEY P, LOVELL.
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