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Figure 1

articulation) of a human or animal. The orthotic device is a single sheet of moldable
Polylactic Acid (PLA) material configured to maintain the body part in an optimal
position for development and treatment. An orthotic system includes the PLA sheet
and a protective layer in the form of a single moldable sheet of polyethylene foam
(PEF). The PEF sheet is configured for placement between the PLA sheet and the
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ORTHOTIC DEVICE, ORTHOTIC SYSTEM AND
METHODS OF MANUFACTURE AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. patent application
No. 16/459,699, filed on July 2, 2019 and to U.S. provisional patent application No.
62/693,971, filed on July 4, 2018.

BACKGROUND
Technical Field
The present disclosure relates to the medical field and, more specifically to
an orthotic device in the form of a moldable sphint for immobilizing, embracing and
supporting a body part, preferably comprising an articulation, of 8 human or animal,
The present disclosure also relates to an orthotic system including the orthotic device

and to methods of manufacture and use thereof.

Background Information

Immobilization devices such as a cast, a sphint, a brace {orthosis) and
stifferung apparatuses are used (o impart a desired posiion o a supported portion of
the body or to immobilize the supported portion refative to other parts of the body.
Traditionally, plaster casting materials have been used because they are very low cost,
However, plaster casting materials are heavy and cannot be cleaned or easily removed.
Recently, plaster casting materials have been replaced by synthetic casting materials
which are Hghter 1 weight and can be cleaned but have a rough exterior surface and
are still relatively heavy and bulky.

Plaster malerials are associated with imporiant disadvantages such as its
weight, the developroent of dust, the occurrence of sharp and bard edges, and the time
required for its application. In addition, it is also often necessary that a cast or other

immobilization device be removed for medical consultation or exercise by a therapist
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and then put back on the patient. The plaster material casts cannot be removed intact
and put back on the patient.

Braces have been described which are made of a sheet matenal impregnated
or coated with a curable resin. For example, a known orthopedic casting asticle
comprises a flexible sheet material tmpregnated or coated with two different resins.
The article may be in the form of an orthopedic casting tape or a protective pad
comprising a fabric backing that 15 longitudinally impregnated or coated with two
different curable resing, preforably water-curable resins. The orthopedic casts are
made by providing a curable casting tape; initiating the cure of the casting ape, ez,
by exposing the casting ispe io water; and allowing the casting tape to cure to form an
orthopedic cast.

Aunother known orthopedic casting article comprises a curable resin (e.g, a
water curable resin} and a filler {e.g, fibrous matenals) associated with the resin
Yet another known orthopedic cast comprises a sheet formed of an open-celled foam
sheet impregoated with a water curable resin. Upon activation of the resin
impregnated foam sheet and molding the same arcund the body part, an orthopedic
sphint is formed.

However, a common drawback of the braces coroprising a curable restu 13
that the curing process takes a considerably fime, e g, arcund 30 minutes or more,
before an orthopedic cast functional eoough to support the injury s obtained
Moreover, the curing process is irreversible and it 13 wmpossible o shape the cured
cast or splint in another position. Therefore the cast or aplint has o be changed, te, a
a new cast ot splint needs to be applied at different phases of the injury healing
process. i addition, to supply the cast or splint a technician needs to wear gloves.

Ancther problem is that casting or splinting may be very difficult, especially
when it 13 required 1o build casts haviog different angles, e g, a 90° angle between the
foot joint and low leg, since at the same time it 15 necessary to make sure that a good
angle is obtained, that the lamnation and pressure s optimal, and that contours are

followed  Furthermore, a cast ot sphint like those available i the prioy art, wherein
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the casting material consists of a water-curable resin, and/or currently used products
such as synthetic casts and/or POP (Plaster of Paris), have a cure (setting) time that
can take more than one hour.  During all that time the required casting position needs
to be maintained, otherwise the casting matenial can lose the required position and i
might be necessary to start all over again. I s very difficult to keep a patient tor 30
minues or more (o up to one hour or more o sit still when be/she is in pain, or when
he/she 19, like most children, scared.

Thermoplastic materials are now being used tor forming casts and braces and
other immobilization devices. These thermoplastic materials can be produced in
extruded sheets which, when brought to a melt point (307 € 10 100° (), can bhe
moltded and mampulated to conform to and shape arcund & body part, such as a imb,
and then aliowed to cool to hardness. These materials can also be reheated, brought
back to their orginal shape and then remelded indo a different shape. Compared to
other casting materials, the thermoplastic materials provide many advantages
including simplicity of use and ease of cleaning.

A known thermoplastic apparatus for immobilization or support of & body
part of a human or animal 1s formed from a sheet of thermoplastic moldable material
that is substantially rigid at ambient temperatures and pliable at higher temperatures.
The apparatus consisis of two elements, which are fastened to one another by means
of a fastener for fasteming. The fastener is directly attached to the thermoplastic
material, 30 that the tastener allows the thermoplastic apparatus to be removed from
and put back on the human or animal body part.

However, a problem associated with the above-mentioned braces made of
thermoplastic material 18 that they lack flexibility, and do not allow the injured body
part to undergo slight movements, e.g. swelling In addition, differences in pressure in
the brace {orthosisy, e.g., due to movements of a patient carmving the brace or due to
swelling of the body part, mav induce deformations or distortions in the brace
configuration and/or creale pressure confacis on the body part.  In addition,

apphication of the above-mentioned type of braces oo impaired himbs, arms or other
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body parts, involves the adjustment and fastening of the fasteners to a patient, which
i3 4 time-consuming process.  Another problem associated with this type of braces is
that they are relatively heavy.

it has also been suggested to use cork-like material for manufacturing braces
and the Uke.  For iostasce, there is known a splint made of a digposable matenal
containing a cork-like material such as EVA (ethvlene vinyl acetate} However, a
problem associated with such material i3 that @ 18 not breathable.  This i3 an
iportant disadvantage, since for improving wound healing and for permutting better
transpiration, it is highly recommended 1o use braces or the like which are capable of
some oxygen/air diffusion. Tt bas been shown in the art that braces that are not
sufficiently breathable can cause skin trritation, skin maceration, or skin dryness.

Agnother problem with currently koown braces wade of softer matenals i3
that the braces may be or become too soft once apphied on a body part, and loose
sufficient hardness.  Such braces may easily bent or form folds or pressure contacts
on the body part, which way result in injury or sub-optimal recovery of the injpured
body part.

In view of the foregoing, there is a need for an orthotic device and systen for
iromobilizing, embracing and supporting & body part, preferably comprising an
articulation, of a2 human or animal, and corresponding methods of manufacture and use

thereof which overcome the foregoing drawbacks of the conventional art.

SUMMARY
In a first aspect, the present disclosure relates to an orthotic device formed of
a single sheet of moldable Polylactic Aacid (PLA} material for embracing and
supporting a body part of a human or animal comprising an articulation and
configured to maintain the body part in an optimal position for development and
treatment.
According to features of the present disclosure, the PLA sheet is breathable,

light-weight, sanitary and moisture-resistant.
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In one embodiment, the PLA sheet is formed with a plurality of perforations
oniformly distributed over the total surface area of the PLA sheet Prefersbly, the
perforations are distributed over 75% to 95% of the total surface area of the PLA
sheet.

fo avother embodiment, the PLA cheet has a thickness in the range of about
1.5 mmy fo about 5.0 mun, and more preferably in the range of about 1.5 mm to about
3.5 wun, and even more preferably in the range of about 1.3 mym to about 2.0 mm.

In other ermbodirments, the PLA sheet 15 breathable, Light-weight, waterproot
and recyclable.

fo vet another embodiment, the PLA sheet is formed with at least one
aperture for passage therethrough of a body part of the human or animal.

According to a feature of the orthotic device, the PLA sheet 1s pre-cut to a
preselected configuration suitable for forming to shape for a custom application.

In another aspect, the present disclosure is directed to an orthotic system
including the orthotic device according to any of the foregoing aspect and
embodiments. In one embodiment, the orthotic system further includes an inner
protective layer applied directly onto the body part, and the orthotic device is applied
directly onto the inner protective layer. In one exemplary embodiment, the inner
protective layer comprises a bandage. In another exemplary embodiment, the inner
protective layer comprises a single moldable shest of polvethylens foam.  The
orthotic system may further include g fastener for releasably securing the orthotic
device onto the body part.

In yet another aspect, the present disclosure is directed to a method of
forming a splint using the orthotic device according to the foregoing aspects and
embodiments.

Still another aspect of the present disclosure relates to methods for
manufacturing the orthotic device according to the foregoing aspects and

embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of the embodiments of the disclosure will
be better understood when read in conjunction with the accompanying drawings.

For the purpose of illustrating the disclosure, there is shown in the drawings
embodiments which are presently preferred. It should be understood, however, that
the disclosure is not limited to the precise arrangement and instrumentalities shown.

Fig. 1 1s a front view of an orthotic device in the form of a moldable splint
according to an embodiment of the present disclosure which is suitable for being
applied in support of a wrist articulation.

Fig. 2 is a diagrammatic view showing a heating procedure for the moldable
splint of Fig. 1 using hot water.

Fig. 3 is a diagrammatic view showing a heating procedure for the moldable
splint of Fig. 1 using hot air.

Fig. 4 1s a perspective side view showing the application of an inner
protective layer in the form of a bandage on an injured part (e.g., the wrist and
forearm) of a patient’s body in preparation for application of the moldable splint of
Fig. 1, according to an embodiment of the present disclosure.

Fig. 5 is a perspective view of the moldable splint of Fig. 1 being applied on
a patient’s body part after application of the inner protective layer.

Fig. 6 is a side view of the moldable splint of Fig. 1 mounted onto a wrist and
undergoing a heating procedure for molding and shaping about the patient’s wrist.

Fig. 7 1s a perspective view showing the removal of the applied inner
protective layer after forming the moldable splint of Fig. 1 onto the patient’s wrist.

Fig. 8 is a perspective view of another embodiment of the use of the
moldable splint of Fig. 1 similar to Fig. 7, except that the inner protective layer is not
applied and the moldable splint is formed directly on the patient’s wrist and forearm.

Fig. 9 1s a view similar to Fig. 7 and illustrates another embodiment in which
the inner protective layer remains in place and is not removed after formation of the

moldable splint.
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Fig. 10A is a perspective view showing the application of a fastener of a first
type over the formed moldable splint shown in Fig. 8 to assist in retaining and secure
the moldable splint in place over the patient’s injured part.

Fig. 10B is a view similar to Fig. 10A showing the fastener completely
applied over the moldable splint.

Fig. 11 is a perspective view showing the application of the fastener of the
first type over the formed moldable splint shown in Fig. 9 to assist in retaining and
securing the moldable splint in place over the patient’s injured part.

Fig. 12A is a perspective view showing the application of a fastener of a
second type over the formed moldable splint shown in Fig. 8 to assist in retaining and
secure the moldable splint in place over the patient’s injured part.

Fig. 12B is a view similar to Fig. 12A showing the fastener completely
applied over the moldable splint.

Fig. 13 is a perspective view showing the application of the fastener of the
second type over the formed moldable splint shown in Fig. 9 to assist in retaining and
secure the moldable splint in place over the patient’s injured part.

Fig. 14 is a side view of the moldable splint formed on the patient’s injured
part shown in Fig. 8 and illustrating another embodiment in which the fastener is not
applied over the formed moldable splint in its final application on the patient’s injured
part.

Fig. 15 is a side view of the moldable splint formed on the patient’s injured
part shown in Fig. 9 and illustrating another embodiment in which the fastener is not
applied over the formed moldable splint in its final application on the patient’s injured
part.

Fig. 16 is a front view of an orthotic device in the form of a moldable splint
according to another embodiment of the present disclosure which is suitable for being

applied in support of a wrist articulation.
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Fig. 17 is a front view of an orthotic device in the form of a moldable splint
according to another embodiment of the present disclosure which is suitable for being
applied in support of a wrist articulation.

Fig. 18 is a front view of an orthotic device in the form of a moldable splint
according to another embodiment of the present disclosure which is suitable for being
applied in support of an ankle articulation.

Fig. 19 is a front view of an orthotic device in the form of a moldable splint
according to another embodiment of the present disclosure which is suitable for being
applied in support of an elbow articulation.

Fig. 20 is a flowchart illustrating steps for manufacturing a moldable splint
according to an embodiment of the present disclosure.

Fig. 21 is a flowchart illustrating steps for manufacturing a moldable splint
according to another embodiment of the present disclosure.

Fig. 22 is a flowchart illustrating steps for manufacturing a moldable splint
according to another embodiment of the present disclosure.

Fig. 23 is a flowchart illustrating steps for applying a moldable splint to a
patient according to an embodiment of the present disclosure.

Fig. 24 is a front view of an inner protective layer for the orthotic system
according to another embodiment of the present disclosure.

Fig. 25 is a perspective view of the inner protective layer of Fig. 24 being
applied on a patient’s body part prior to application of the moldable splint.

Fig. 26 is a perspective view showing the moldable splint applied on the
patient’s body part directly over the inner protective layer of Figs. 24 and 25.

Fig. 27 is a perspective view showing the application of a fastener in the
form of an elastic band to assist in retaining and securing the moldable splint in place
over the patient’s body part.

Fig. 28 is a perspective view similar to Fig. 27, but with a front portion of the
moldable splint being cut off to better illustrate the applied inner protective layer.

Fig. 29 is a cross-sectional view taken along line 29-29 in Fig,. 28.
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Fig. 30 is a flowchart illustrating steps for applying a moldable splint to a

patient in the embodiment of the orthotic system shown in Figs. 24-29.

DETAILED DESCRIPTION

The present disclosure now will be described more fully hereinafter with
reference to the accompanying drawings, in which exemplary embodiments of the
disclosure are shown. This disclosure may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the disclosure to those skilled in the art.

it should also be understood that the terms “gbout,” “approximately,”

£

“generally,” “substantially” and like terms, used heretn when referring to a dimension
or charactenistic of a component of the present disclosure, indicate that the deseribed
dimension/characterisiic is not a sirict boundary or parameter and does not exclude
miner variations therefrom that are functionally the same or similar, as would be
understond by one having ordinary skill inthe art. At @ munirours, such reterences
that include 2 numerical parameter would include variations that, using mathematical
and wndusirial principles accepied 1 the art (e g, rounding, measurement or other
systematc errors, manutfacturing tolerances, etc.y, would not vary the least significant
digit,

Figs. 1-19 and 24-29 illustrate various embodiments of orthotic devices
and systems according to present disclosure, where similar references numerals
designate similar elements and features throughout. Figs. 20-22 are flowcharts
illustrating various embodiments of methods for manufacturing the orthotic devices
according to the present disclosure. Figs. 23 and 30 illustrate embodiments of
splinting processes using respective orthoses according to the present disclosure.

Fig. 1 is a front view of an orthotic device or orthosis, generally
designated at 1, according to an embodiment of a first aspect of the present disclosure.

Orthosis 1 is suitable for emsbracing and supporting a body part of a burnan or aramal
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comprising an articulation. It is generally prescribed by a physician to provide
correction, support, ot protection to the body part.  Orthosis 1 1s prefabricated
without a specific patient in mund (i e, they can fit anv patient). It requires the
expertise of a therapist to customize the orthosis 1o a specific patient, wcluding
truvuning, molding and bending, with or without heat. Orthosis 1 can be molded in the
unigue skeletal characteristics of a patient’s fractured body part {e. 2, wrist, arm, leg,
shoulder, head/neck).

in the embodiment shown i Fig. 1, orthows 115 in the form of a moldable
thermoplastic splint which is suitable for being applied in support of a wrist
articulation. It is formed of a single, flat sheet of material which is pre-cut to a
preferred configuration that may be later formed to shape for a custom application.
Orthosis 1 is Light-weight, waterproof, and recyclable, and is designed to maintain the
body part in an optimal position for development and treatment.

According to a feature of the present disclosure, orthosis 1 is made of a
thermoplastic material which is moldable (e.g., above 50°C) and breathable. By this
construction, when orthosis 1 is heated above a specific temperature it becomes
flexibie and can be adjusted 1o the unique skeletal charactenstics of the body part to
be treated.  After orthosis | cools down, it becomes rigid again

The termo “flexible” as used herein, refers to a material which 15 able to adiust
readily to different conditicns and o particular refers {0 2 material which is able 1o
sasily flex and/or bend without breaking.

As used herain, the term “breathable” refers to a material, which aliows air to
pass  to some degree. Such materials keep out water, but also  release
perspiratici/transpiration vapor, This term refers 1o materials that have been made
breathable by means of human mediation, for tnstance by means of perforation.  In
this regards, in the present embodiment perforations 2 are provided in the sheet of
thermoplastic matenial for breathability of orthosis 1 once 1n place on the patient, that
is, perforations 2 permt ventilation of the patient’s skin when orthosis 118 in place

upon the body part of the patient. Perforations 2 may also facilitate molding of the

10
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sheet when shaping the sheet into a splint on the patient.  Preferabiy, between about
75% to about 953% of the total surface area of orthosis 1 1s perforated, and for instance
about 75%, about 80%, about S0% or about 95% of the total surface area of orthosig §
ts perforated.  Perforations 2 are uniformly distnbuted over the total surface area of
orthosis 1. As shown wn Fig. 1, perforations 2 are generally uniform and bave a
diameter generally in the range of about 3 mm to about 10 mm.  The diameter of
perforation 2 may be greater than the diameter values 0 this range based on an
inerease in the thickness of orthosis 1. The amount of perforation provides adequate
strength to orthosis 1 while allowing for good air circulanion, which will improve skin
ventiation and wound healing as compared to non-perforated and/or nou-breathable
orthotic devices. Problems of skin irritation or skin maceration can advantagecusly be
dirninished by means of perforations 2. In alternative smbodiments, orthosis 1 may
be provided without perforations 2, or perforations 2 may be provided ondy 11 certain
sections of orthosis 1.

Another feature according to the present disclosure is that the orthosis may
also be perforated to provide apertures for body parts, such as thumbs, toes, eto.  In
the embodiment of Fig. 1, a single aperture 3 ts provided for the patient’s thumb when
orthosts 1 i3 mounted ooto the patient’s wrist, as shown for example in Fig. 5.

According to ancther feature of the present disclosure, the thickness of
orthosis 1, designated by reference numeral 4 in Frg 1, 15 preferably in the range of
about 1.5 mm to about 5.0 o, roore preferably o the range of about 1.5 nun to sbout
3.5 mm, and even more preferably in the range of about 1.8 mm to about 2.0 mm.
These preferred thicknesses allow orthosis 1 to be hightweight without compromising
the rigidity necessary for the particular use.  For example, when the orthosis
according to the present disclosure 1s used for support of the hand, such as orthosis |
mounted onto the wiist, a thinner orthosis 138 preferable, and when the orthosis s used
as an immobilization orthosis tor the lower extremities, a thicker orthosis 18 preferred.
A vartety of thicknesses for the orthosis can be formed into sheets in which the

appropriate thickness 13 chosen for the desived support of the pre-selected body part.

11
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Selecting a sheet of the appropriate thickpess will eliminate excess bulk in the weight
of the orthosis.

As another feature of the orthosis according to the embodiment of the present
disclosure, the thermoplastic sheet of matenal is formed of Polyiactic Acid (PLAY
While PLA 13 a thermoplastic matenial that allows for flexability and adjustability, the
use of PLA allows the orthosis according to the present disclosure to provide
sutficient rigidity to the injured body part.  The inventors of the present disclosurs
have discovered that PLA raparts a nigidity on the orthosis of the present disclosure
that cannct be achieved by other types of thermoplastic materials, such as
Polycaprolactone (PCL), particularly when the orthosis 1 has a thickness within the
ranges described above.  The tlexible and adjustable nature of the PLA orthoss
sccording to the present disclosure allows the injured body part to which the orthosis
i3 mounted to undergo sight movements, e.g., swelling The Hexsbility of the PLA
material makes the orthosts of the present disclosure suitably deformable in order to
conform to coniours and the physical reactions of the ireated body part {eg
swelling/de-swelling) while not compromising the rgidity and bardness of the
orthosis.  Ancther advantage of using PLA for the orthosts according to the present
disclosure 1s that PLA 1s a biodegradable, biocompatible, non-toxic and eco-friendly
polymer.

Mechanical and material properties of PLA for the orthosis according to the

present disclosure are provided below:

Mechanical Properties of PLA

Elastic (Young’s Tensile) Modulus 3.5 GPa (0.51 x 10° psi)
Flexural Modulus 4.0 GPa (0.58 x 10° psi)
Shear Modulus 2.4 GPa (0.35 x 10° psi)
Elongation at Break 6.0%

Flexural Strength 80 MPa (12 x 10° psi)
Tensile Strength (Ultimate UTS) 50 MPa (7.3 x 10° psi)

12




WO 2020/008253 PCT/IB2019/000676

Material Properties of PLA

Density 1.3 g/em’ (78 1b/ft)
Heat Deflection Temperature at 455 kPa (66pst) | 65°C (150°F)
Specific Heat Capacity 1800 J/Kg-K  (0.43 BTU/Ib -°F)
Glass Transition Temperature 60°C (140°F)
Melting Onset {Solidus) 160°C (320°F)
Thermal Conductivity 0.13W/m-K (0.075 BTU/h-ft-°F)

As a production process, there are two methods for manufacturing polylactic
acid (PLA) from lactic acid: the first method uses the cyclic lactic acid dimer called
lactide as an intermediate stage; the second method is direct polymerization of lactic
acid. The method using the lactide intermediary yields polylactic acid (PLA) with
greater molecular weight. This production process is described in the publication
Fibre Chemistry, Vol. 41, Nov. 6, 2009, by Ozan Avinc and Akbar Khoddami, which is
incorporated herein by reference in its entirety.

Suitable PLA’s for the orthosis according to the present disclosure include the

following commercially available products:

- eSun 3D Printer Filament, PLA, 3 mm
- eSUN 1.75mm Red PLA PRO (PLA+) 3D Printer Filament
- 3D Prima PrimaValue PLA Filament, 1.75 mm
- Prima Filaments PS-PLAPRO-175-0750-RD PrimaSelect PLA PRO, 1.75 mm

As noted above, the thickness of orthosis 1 according to the present
disclosure allows orthosis 1 to be lightweight but also as rigid as required.
Advantageously, the orthosis according to the present disclosure is considerably
lighter than prior art orthotic devices. For example, orthosis 1 according to the

present disclosure preferably has a weight higher than 60 grams but preferably less

than 180 grams.

13
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Orthosis 1 according to the present disclosure, which is preferably made of a
single flat sheet of pre-cut PLA material, may be shaped onto the patient’s body part
{i.e, the wrist) by applying heat using a heat source.  In one embodiment, the heat
source may be a beated water container 7 as shown in Fig 2. In an altersative
embodiment, the heat source may be g thermogon B as shown 1w Fig 3. Without
departing from the spirii and scope of the present disclosure, various other tyvpes of
heat sources may be used to apply heat orthosis 1 including, but not limtted to, a
convection oven, a microwave oven and an intrared heater. Orthosis 1 s sufticiently
heated to become temporaniy elastic so that it can be molded into the shape of the
body part to which itis apphied.  Stated otherwise, orthosis 113 heated above its glass
transition  temperature {and below i1ts melting temperature} so as to become
thermotormable for shaping within minutes.  This temperature should be in the rangs
of about 60°C to sbout 90°C (target temperatures).  When made of PLA, orthosis |
ts heated above the PLA glass transition temperature of 60°C.  Then orthosis | then
cools down at room temperature,

According to ancther feature of the present disclosure, an inner protective
tayer is applied directly onto the patient’s body part for protecting the body part from
the heat applied by the heat source during the forrmog/molding process. In one
embodiment, the mner protectve layer is a bandage {e g, as elastic bandage) that is
applied onto the patient’s body part in preparation for forming orthosis 1 on the body
part.  For example, Fig 4 itlustrates the apphication of 2 bandage 5 oun the patient’s
body part ¢ in preparation for forming orthosis 1 (Figs. 5-6)  In addition to
protecting the body part from the heat apphied by the heat source during the
forming/maoiding process, the bandage provides further capability to custom fit the
orthosis o the particular body part of a particular patient.  Fig. 15 shows the
completed orthosis 1 which has been applied over the patient’s body pant 6 with
bandage S interposed therebetween,  Bandage 5 may be made of & suitable fabric
material in the appropriate widih, thickness and elasticity suitable for the particular

purpose and in a length to adequately wrap over the entive portion of the body part on
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which the orthosis 1 is to be formed.  The combination of orthosis | and the inner
protective laver, such as bavdage 5 described above, defines an otthotic system
according o ancther aspect of the present disclosure,

In an alternative embodiment, the inner protective laver {e.g., bandage} is not
applied, avd orthosis 1 s apphied directly onto the patient’s body part 6, as for
example shown tn Fig. 8. Fig 14 shows the completed orthosis 1 which has been
apphied directly over the patient’s body part 6 without bandage 5.

According to an ernbodimnent of the present disclosure, orthosis 1 is mtially
formed se that it does not completely encircle the patient’s body part.  As shown in
Fig. 7, for example, an overlap siit or opening 10 13 formed by overlap longitudinal
edges la, ib (Figs 1, 5) of orthosis 1 after the initial formation of orthosis 1. This
gap or shit 10 allows bandage 5 fo be removed, such as by using a cutting device 9,
after apphication of orthosis 1, as for example shown o Fig 7. In an alternative
embodiment, bandage 5 is not removed and remains on the patient’s body part after
formation of orthosis 1, as for example shown o Fig. 90 Figa 14-15 show the
completed orthosis 1 one with (Fig. 15) and without (Fig. 14) bandage S apphied on
injured body part 6.

Puning application of heat, as shown in Fig 6, for example, orthosis 1
hbecomes warm, soft and phiable and 15 formed to the mtimate shape of the body part
to best stabilize the injury under reduction.  Overlap opening S formed by overlap
edges la, 1h of orthosis 1, as shown in Fig 7, 1¢ adjustable in circumderence. Thus
orthosis 1 15 best formed when warm and pliable by applying compressive
circumferential force. QOnce orthosis 1 1s cool and ngid in a few moments, this
compression can be removed.

According to the present disclosure, varipus means are provided for applying
the requisite compressive force to orthosis 1 In one embodument, compression 18
applied to orthosis 1 by guickly wrapping an elastic band 11, a5 g fastener of the first
type, around the warm and phiable orthosis 1 as soon as it is instalied, as for example

shown it Fig, 104 {embodiment of orthosis 1 without use of bandage 3) and Fig. 1]
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{embodiment of orthesis 1 using bandage 53 Elastic band 11 may be made of a
fabric or rubberized matenal 1o the appropriate width, thickness and elasticity sutiable
for the particular purpose and 10 a length to adequately wrap over the entire orthosis 1
Compressive pressure can be varied simply by pulling on band 11 as it 13 wrapped, as
shown o Fig. 10 This process will nsure that every part of orthosis 148 formed to
the patient’s body part (e, the patient’s wrist) and voids are not created
Accordingly, elastic band 11 provides further capability to custorn fit orthosis 1 1o
body part © of a paricular patient. After orthosis 113 cooled, band 1 1 removed as
shown for example in Fig. 14 {embodiment of orthosis 1 without use of bandage 5}
and Fig. 15 {embodiment of orthosis 1 usiog bandage 53,

The application of orthosis | 1s completed on injured body part & by
releasably securiog orthosis 1 with a fastener  In one embodiment, one iype of
fastener may be in form of an elastic band such as described above for elastic band 11
For examiple, atter being used 1o apply the requisiie compressive force to orthosis 1 as
deacribed above, elastic band 11 may be compleiely applied and retained (1., 13 not
removed) over orthosis 1 1o secure orthosis 1 about body part 6 as shown in Fig 108
The combination of orthosis 1 and the fastener {e.¢., elastic band 11}, without or
without the inner protective layer {e.g., bandage 5 as described above, defines an
orthotic system according to another aspect of the present disclosure,

Figs 12A, 128 and 13 show another embodiment of a fastener for releasably
secuning orthosis 1 about body part 6 In thes embodunent, the fasiener 15 in the form
of a retaining strap 12 as shown in Fig 12 (embodiment of orthosis 1 without use of
bandage S} and Fig 13 {embodiment of orthosis using bandage 33 In one
embodiment, retaining strap 12 comprises a continuous loop of fabric suitable for
hook and loop fastening {e.z., Veloro strap).

It will be appreciated that the use of elastic band 11 or retaining strap 172 as
the fastener allows orthosis 1 1o be rapidly applied to and removed from injured body
part 6 by increasing or decreasing the amount of overlap to more closely fit the

ingured body part.  Alternatively, a plurality of retainung straps or other weans for

16



WO 2020/008253 PCT/IB2019/000676

securing orthosis 1 orelative to body part & are suiiable without departing from the
spirtt and scope of the disclosure,

Figs. 16-19 show alternative embodiments of the orthosis, generally
designated with respective reference numerals 13-16, according to the present
disclosure tor embracing and supporting a body part of a bursan or arsmal compnising
an articulation.

Orthosis 13 shown in Fig. 16 1s suitable for being applied in support of a
wrist articulation. Orthosis 13 is formed with a single aperture 3 provided for the
patient’s thumb, and perforations 13b similar to perforations 2 as described above for
orthosis 1 with reference to Fig. 1. Orthosis 13 has opposing longitudinal sides 13c,
13d formed with undulations and/or curved surface portions to facilitate its
application over the patient’s wrist.

Orthosis 14 shown in Fig. 17 is also suitable for being applied in support of a
wrist articulation.  Orthosis 14 is formed with a single aperture 14a provided for the
patient’s thumb, and perforations 14b similar to perforations 2 as described above for
orthosis 1 with reference to Fig. 1. Similar to orthosis 13, orthosis 14 has opposing
longitudinal sides 14¢, 14d formed with undulations and/or curved surface portions as
shown in Fig. 17. Orthosis 14 and orthosis 13 are similar to one another, except that
they have somewhat different outer peripheral structural configurations as defined by
their respective opposing longitudinal sides.

Orthosis 15 shown in Fig. 18 is suitable for being applied in support of an
ankle articulation. Orthosis 15 is formed with a single aperture 15a for a body part
and perforations 15b similar to perforations 2 as described above for orthosis 1 with
reference to Fig. 1. Orthosis 15 has a first part with opposing longitudinal side
portions 15¢, 15d, a second part with opposing longitudinal side portions 15e, 15f,
and a third part with opposing longitudinal side portions 15h, 151. Opposing open
slits 15g are formed at an intersection between the first and second parts of orthosis
15. The purposefuncticn of slits 15g is fur being able to fold the matenal of

orthosis 15 when it i3 phable without formung edges and rwalang 1t too thick
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Opposing longitudinal sides 15¢, 15d are generally linear and parallel to one another.
Opposing longitudinal sides 15h, 15i are generally linear and parallel to one another.
Opposing longitudinal sides 15e, 15f are disposed between opposing longitudinal
sides 15¢, 15d and 15h, 15i and are formed with undulations and/or curved surface
portions as shown in Fig. 18. Aperture 15a is formed in the first portion of orthosis
15 proximate the intersection between the first and second portions. Orthosis 15 is
symmetrical about a line extending through a center of aperture 15a and parallel to
opposing longitudinal sides 15¢, 15d and 15e, 15f.

Orthosis 16 shown in Fig. 19 is suitable for being applied in support of an
elbow articulation. Orthosis 16 has a first part formed with two apertures 16a, 16b
and a second part separated from the first part by opposing open slits 16d similar in
structure and function as opposing open slits 15g shown in Fig. 18. The first and
second parts of orthosis 16 are formed with perforations 16¢ similar to perforations 2
as described above for orthosis 1 with reference to Fig. 1. Aperture 16b is provided
proximate to and closer to opposing open slits 16d than aperture 16a. The first and
second parts of orthosis 16 have different lengths and, in this embodiment, the first
part is longer than the second part as shown in Fig. 19.

The structural features and advantages for orthoses 13-16 1n Figs. 16-19 are
the same as for orthosis | deseribed above with reference to Figs. 1-14.  In addition
to the variation in shape and location of aperture 3, orthoses 15 and 16 shown in Figs.
13 and 19 differ from onthoses 1, 13 and 14 16 that orthoses 15 and 16 are further
provided with slits 15g, 16d, respectively, whose purpose/function 15 to faciliiate
folding of the orthosis material when i1 is pliable without forming edges and making it
to thuck as described above.  Orthosis 16 shown i Fig 19 funther differs from
orthoses 1 and 13-195 in that orthosis 16 1s provide with two apertures for body parts
wnstead of one.

Figs 20-22 are flowcharts iHustrating methods for manufacturing the orthotic

device according to various embodiments of the present disclosure.

18



WO 2020/008253 PCT/IB2019/000676

The flowchart in Fig. 20 ilustrates steps for manufacturing a PLA splint
according to the present disclosure by a 31 printing process.  New developments in
3D printing technologies offer multiple possible new frontiers to improve patient care,
safistaction, and offer potential financial and investment opportunities.  In this
embodiment, the 3D printing process starts at Step 30, The method cludes beating
a 303 printer extruder (Step 31, extruding the PLA filament (Step 32}, adding the PLA
material laver by layer (Step 33 until the splint 18 manutaciured {Step 34} Step 35
i1 designates the end of the 3D printing process.

The flowchart tn Fig 21 tlustrates steps for manufacturing a2 PLA splint
according to the present disclosure by an extrusion molding process.  In ths
embodiment, the extrusion molding process starts at Step 40 PLA pellets are added
inside a heated barrel (8tep 41) and the resulting material 15 injected inside a die to
form a thermoplastic sheet {Step 42} The thormoplastic sheet 15 then removed from
the die {Step 43) and is allowsd to cool down {(Step 443 Thereafter, the
corresponding holes and perforations for the splint as described above are formed in
the thermoplastic sheet with a cutting mwachine {e.g., by CNC machining, pressurized
water, laser, etc.} {Step 45}, The thermoplastic sheet is then subjected to a cutting
operation to provide the sphuts (Step 40), resulting in the wmanufacture of the splints
{(Step 473 Step 48 in designates the end of the extrusion molding process.

The flowchart o Fig 22 ilhustrates steps for manufacturing & PLA spling
according fo the present disclosure by an injection molding process. In this
embodiment, the injection molding process starts at Step 61, A mold is prepared
from a metal (Step 623 PLA pellets are added inside a heated barrel (Step 63} and
the material 15 subjected to g melting operation {Step 64).  The melted material is
thery injected tnside of the mold {Step 653 The melted material is then allowed ©
cool inside of the mold (Step 66}, resulting in the manufacture of the sphot (Step 66)
Step 48 in designates the end of the extrusion molding process.

The PLA splints manufactured by any of the foregoing methods according to

the present disclosure exhibit the various preferred structural characteristics and
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advantages described above with reference 1o Figs 1-19.

Fig 23 s a flowchart thustrating an embodiroent of g sphinting process using
the orthosis {splint} according to the present disclosure.  The process will be
described with reference to Figs. 1-15

At the start of the process {Step 303, orthosis 1 (sphot) according 1o the
present disclosure is first provided (Step 513 Orthosis 1 is provided as a kit 1o the
individual, the orthopedic spectalist, physician, technician, first responder or other
entity.  In certain embodiments as described above, the kit further includes an inner
protective laver {2.g., elastic bandage 5) and a fastener (e g, elastic band 11 or retaining
strap 12} as describe above which, together with orthosig 1, defines an orthotic systom
according to the present disclosure.  The appropriate kit type and size for the injured
body part to be supported 1s selected.  Bepending on the kit type selected, the orthosis
i3 applied on the protective layer (Figs. 6,7, 9, 11, 13, 15} or divecily on the wjured
body part & (Figs. 8, 10, 12, 14},

in this embodiment, bandage 5 (Fig. 43 as the inner profective layer i3 then
applied to injured body part 6 {wist) (Step 523 To form orthosis 1, a heat source is
then applied io the orthoesis 1o until the orthosis is sufficiently pliable (1., o induce
elagticityy o allow it to be molded into the shape of the body part 1o which 1t 13 apphied
{Step 53y

i

Stated  otherwise, orthosis 1 18 heated above s glass transition
temperature {and below iis melting termperature) so as to become thermoformable for
shaping within minutes. This teroperature should be in the range of about 60°C to
about 907 (target temperatures). When made of PLA, orthosis | is heated above
the PLA glass ransition temperature of 60°C.  The heat source can be hot water (Fig.
2} or a thermogun (Fig. 3} Aliernatively, the heat source can be an oven or
MICTOWavE.

Onee orthosis 1 s sutticiently beated and pliable, approvimately 5-10 minutes,
for example, it 13 mounted and molded onto injured body part 6 (Step 54; Figs. 5-6).
In this embodiment, orthosis 1 is mounted directly onto bandage 5 (Fig. 9). If

bandage 5 is not used, orthosis 1 is mounted directly onto injured body part 6 (Fig. 8).
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In this state, the heated orthosis 1 is manipulated to form a physiological conforming
splint on injured body part 6. Gentle manual pressure may be used to form the splint
into the correct shape, taking into account the individual characteristics of the
intended user and the purpose for the splinting. During this formation process,
orthosis 1 is also applied with compressive circumferential force as described above
wiih reference to Figs. 10A and 11, for example.  Once orthosis 1 is cool and rigid in
s few moments, this compression can be removed,

The heated orthosis 1 remains elastic and pliable for several minutes at room
temperature, generally long enough for one skilled in the art to form a physiologically
conforming splint, but orthosis 1 may be subjected to the heat source at any time to
effect additional small changes in the forming/molding of orthosis 1 on injured body
part 6 (Step 55) and/or to restore elasticity and prolong working time. The
physiological conforming splint is then allowed to cool at room temperature on
injured body part 6 to complete the forming process (Step 56).

After formation of orthosis 1 on injured body part 6, bandage 5 is taken off
(Step 57). This can be accomplished, for example, by cutting bandage 5 along
overtap slit or opening 10 that is formed by overlap edges 1a, 1b of orthosis 1, as
described above, and removing cut pieces of bandage 7 via opening 10 and/or
aperture 3 {Fig 7). Alternatively, bandage 5 may be left on injured body part 6 as an
slement of the orthotic system according to the present disclosure {Step S8, Fig. 9}

When the technician is satisfied with the final shape and fit of the
physiologically conforming splint, the formation of orthosis 1 is done (Step 56).
Application of orthosis } ostie tnjured body part § 13 completed by releasably securing
orthosis 1 with a fastener as described above.  For example, the fastener may be in
the form of a retaining strap 12 as shown in Fig. 12 {embodiment of orthosis 1
without use of bandage 5) or Fig 13 {embodiment of orthosis asing bandage 53 In
one embodiment, retaining strap 12 comprises a continuous loop of fabric suitable for
hook and foop fastening (e.g, Velcro strap).  Alternatively, the fastener may bein

form of an elastic band such as described above for elasticband 11, For example,
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after being used to apply the requisite compressive foree 10 orthosis 1 as described
above, elastic band 11 may be completely applied and retained (Le, 18 not removed)
over orthosis 1 to secure orthosis 1 about body part 6 as shown mn Fig. 10B. In other
embaodiments, that fastener may be in the form of a plurality of relaining straps or
other suttable means for securing orthoswis 1 onto injured body part 6 without
departing from the spirit and scope of the disclosure. It will be appreciated that
fastener allows orthosis 1 1o be rapidly applied to and removed from injured body part
6 by increasing or decreasing the arnount of overlap to more closely it the mnjured
body part.

Figs 24-30 shows another expbodivoent of an orthotic system according to
the present disclosure. I this embodiment, the orthotic system includes an orthotic
device according to any of the embodiments described above with reference to Figs.
1-23 and av inner protective layer formed of 2 single moldable sheet of polyethyiene
foam (PEF}.

in the present ewbodiment, the PEF sheet 1s formed of a single, flat sheet of
material which is pre-cut to a preferred configuration that may be later formed to
shape for a custom application together with a corresponding orthosis according to the
present disclosure.  As the inuer protective laver, the PEF sheet 13 used 1o ths
embodiment in place of the bandage as described above for the previous
embodiments.

PEF is a durable (wear and tear resistant), semi-rigid and lightweight
closed-cell material. As compared to open-cell foams, PEF exhibits strength, rigidity,
and resistance to water and moisture. PEF is also resistant to solvents and petroleum
products (including chemicals and grease), and its antimicrobial property inhibits the
growth of mold, mildew, and bacteria (i.e., is impervious to mildew, rot and bacteria).
As a resilient material, PEF returns to form after compression, while still yielding
enough to provide cushion and security where it is needed. In addition to the

foregoing, the inventors of the present disclosure have discovered that PEF is
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particularly suitable for orthopedics due to the following additional characteristics and

properties:
. Flexibility
. Cushioning
. Uniform cell structure
. Dimensional stability
. Tear/puncture-resistant
. Temperature resistant between 60 °C and 90°C
. Thermally insulative
. Naturally resistant to low fire that can be improved by a suitable formulation
. Non-abrasive
. Non-dusting
. Odorless
. Cost/labor efficient (cost effective and easy to fabricate)
. Excellent in shock absorption & vibration dampening properties
. CFC (Chlorofluorocarbons) free
. Ozone friendly
. Recyclability

Example properties for PEF are provided below:

Density kg/m’
Thermal conductivity WimK
10% compression stress MPa
50% compression stress MPa
Compression set, 22 b, 25% Y
Tensile sirength MPa
Flongation at break Ye
Water absorption, 7 days Y
Service temperatures ‘¢
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0.012100.160
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Fig. 24 is a front view of a PEF sheet, generally designated with numeral 17,
as the inner protective layer for the orthotic system according to this embodiment of
the present disclosure. PEF sheet 17 is configured for use with orthosis 1 described
above with reference to Fig. 1. In this regard, PEF sheet 17 has substantially the
same structural configuration (geometry) as orthosis 1, except that PEF sheet 17 is not
provided with apertures 2. In an alternative embodiment, PEF sheet 17 may be
provided with apertures 2. The thickness of PEF sheet 17 is preferably in the range
of about 1.5 mm to about 5.0 mm, and more preferably about 3 mm.

PEF sheet 17 may be adhered to orthosis 1 using a suitable adhesive. For
example, a surface of PEF sheet 17 on which orthosis 1 is applied may be coated with
an adhesive an adhesive on which a peelable backing sheet is applied. During use,
after PEF sheet 17 is applied on the patient’s body part, the backing sheet is peeled off
and orthosis 1 is attached to the surface of PEF sheet coated with the adhesive.
Alternatively, orthosis 1 may be applied directly over PEF sheet 17 without using an
adhesive.

Fig. 25 shows PEF sheet 17 in the process of being applied on a patient’s
body part 6 prior to application of orthosis 1. Fig. 26 shows orthosis 1 applied on
body part 6 directly over PEF sheet 17. Fig. 27 shows the use of elastic band 11 to
apply compression to orthosis 1 and/or as a fastener to assist in retaining and securing
orthosis 1 in place to body part 6, as described above for the embodiment of Fig. 11.
Fig. 28 is view similar to Fig. 27, but with a front portion of orthosis 1 removed to
better illustrate PEF sheet 17 applied on the body part. Fig. 29 is a cross-sectional
view taken along line 29-29 in Fig. 28.

It will be appreciated that retaining strap 12 as described above for the
embodiment of Fig. 13, or other suitable fastener, may be used in place of elastic band
11 to assist in retaining and securing orthosis 1 to body part 6. PEF sheet 17 may
have a configuration other than as shown in Fig. 24.  For example, PEF sheet 17 may
have a configuration similar to any one of orthosis 13, 14, 15 or 16 shown in Figs.

16-19, respectively, when used in combination with any one of these orthoses to
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provide the orthotic system. The formation of the orthosis, including application of
heat, is as described above with reference to the embodiment shown in Figs. 1-3.

According to a feature of the present disclosure, PEF sheet 17 effectively
protects the body part from the heat during the forming/molding process. in addition
to protecting the body part from the heat applied by the heat source during the
forming/molding process, PEF sheet 17 provides further capability to custom fit the
orthosis to the particular body part of a particular patient.  The inventors of the
present disclosure have discovered that due to the thermal insulation property of PEF
sheet 17, the splint {e.¢., PLA sheet} remains moldable for more than | minute,
providing sufficient tmwe for medical professionals o mold the spline onto the
patient’s injured body part. Because of 1ts rest properties, the resulting orthosis is
waterproof and lightweight, as well as resistant to odors, bacteria, mildew and rot and
with increased sock absorption and vibration dampening properties, among other
properties and characteristic described above for PEF sheet 17.

Fig. 30 is a flowchart illustrating steps for applying a moldable splint to a
patient in the embodiment of the orthotic system shown in Figs. 24-29.

In the splinting process of Fig. 30, Steps 70, 71 and 73-78 are the same as
described above for Steps 50-51, 53-56 and 59-60, respectively, with reference to the
splinting process of Fig. 23.  Step 72 in Fig. 30 differs from Step 52 in Fig. 23 in that
PEF sheet 17 is applied on the injured body part instead of the bandage. Another
difference between the splinting processes of Figs. 23 and 30 is that unlike the option
to take off the bandage in Step 57 of Fig. 23, PEF sheet 17 is not removed prior to the
end of the splinting process (Step 78).  Stated otherwise, PEF sheet 17 is designed to
remain in place with the orthosis as part of the orthotic system according to the
present disclosure.

The orthotic device according to the present disclosure may be provided in g
relatively flat shape or generally i the shape for a specific body part, such as g wrist,
ankle, knee or other body part as well as in general sizes, such as large, medinm or

small,  The orthotie device may also be pre-formed in some cases o approvimately
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fit the body part for trial of size or in the case where a more complex stracture
requires it The orthotic device cau then be heated and custorn shaped as described
above to specifically fit the body part that 1t 15 to support.

Due to its flexibility, healthcare professionals may easily {1t the orthosis 1o
the injured body part and adjust the angle by gently allowing the orthosis to conform
to the contours of the injured body part.  In addition, if necessary, by temporarily and
tocally heating the matenal of the orthosis, a required angle for rehabilitation {eg.
spasticity of forearm) may be eauly achieved it reguired to adopt ancther desired
position.

The orthosis according o the present disclosure 15 easy and fast to use since
it 1s formed of a pre-cut single sheet of material.  The orthosis 15 also reliable o use,
due to i3 anatomical design, with a high level of patient comfort.  During the healing
process sometimes it 1s required to change the angle of the myured body part, and this
can be achieved with the orthosis of the present disciosure because it can be reshaped
a number of times {e.g ., more than ten tunes) to adopt another required position.  As
such, the orthosis according o the present disclosure 15 reshapeable and reusable.

Furthermore, the orthosis of the present disclosure is easy and guick 1o install
The orthosis offers the advantage of being able to be casily and rapidly removed and
reappdied to a human or animal body part. The orthosis can therefore be recveled
during injury healing  Because the orthosis of the present disclosure s formed of a
single sheot of material and not of two or more separaie elements which need to be
affixed to each other by one or more fastening means, a physiotherapist or physician
may rapidly apply and remove the orthosis to/from the injured body past

The orthosis according to the present disclosure is soft when heated in order
to provide optimal wearing comfort 1o the patient.  The orthosis is in particular very
tight, even three to four dmes lighier than conventional orthotic devices made of
thermoplastic materials other than PLA.  Additionally, the orthosis of the presemt
disclosure is clean and free of dust, translucent for Xerays, can be heated and formed

in situ onto the patient’s body part, can be worn untid complete recovery of the injured
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body part, and has improved resistance to abrasion as compared fo conventional
orthotic devices.  Another advantages of the orthosis according to the present
disclosure 15 that due to its design 1t lowers both the cost to manufacture and apply the
orthosis on the patient’s body part, as compared with prefabricated orthotic devices,
for example.

Additional advantages are achisved when the orthosis formed of a2 PLA sheet
sccording 1o the present disclosure is further used in combination with an inner
protective layer formed as a PEF sheet as described above with reference to Figs.
24-30.  For exampieg, due to the thermal insulation property of the PEF shest, the
PLA sheet remains rooldable for more than 1 munute, providing wore than sufficient
time for medical professionals to mold the splint onto the patient’s irgured body part.

In one embodiment, the orthosis as well as the PLA sheet according to the
present disclosure can be fabricated in different colors {e.g, fluorescent colors) and
sizes for both childrer and adults.

in anciher embodiment, vartons accessories can be used with the orthosis
according to the present disclosure to make each unique.  For example, decorative
elements may be embedded in the sheet of orthosis material at a depth at which the
decorative elements remain joined to the sheet when 1t 13 heated and molded mto the
orthotic shape.  Various accessories can also be added to the onthosis {eg., splint)
after it is fully set.

fo vet another embodiment, biometnic sensors are incorporated onto the
orthosis of the present disclosure to permit doctors to monitor various conditions,
inchuding temperature, blood flow, swelling sweating, and mechanical pressure
apphied by the orthosis.  Information obtained by the biometric sensors can be
transmitted to 3 hospital/doctor via the internet to allow monitoring of the patient’s
condition

The orthosis according to the present disclosure provides g ready to use
orthosts sofution to healtheare professionals, a3 comparsd to conventional orthotic

devices comprised of thermoplastic plates that need cutting and irivoming 1 order o
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form the orthosis.  For example, the process for forming and applying an orthosis
nsing thermoplastic plates 15 both time consuming and cumbersome. It could take
anywhere from 1 1o 2 hours 1o form the orthosis because, among other things, the
bealthcare professional needs to cut the thermoplastic plates, form the plates info the
patient’s winred part, and tnm all of the edges of the resulting orthosig, all before the
procedure of applying the orthosis to the patient’s injured part ts started.  In contrast,
due to 18 umdue construction, the orthosia according to the present disclosure can
substantially reduce the time 1t takes to apply the orthosis onto the patient’s njured
body part. The ready-to-use nature of the orthosis according fo the present
disclosure substantially reduces the average application fime required by hesltheare
professionals.  Furthermore, unlike many comparable orthosis devices, the orthosis
of the present disclosure 15 also reusable.

Moreover, the orthosis according to the present disclosure 15 ready for use
anytime needed.  The orthosis 15 not custom, 50 it can fit any patient. This feature
allows doctors and nurses to spend their time more efficiently.  Thus, the orthosis
according to the present disclosure allows heslthcare professionals to reduce their
costs and limit their inefficiencies, whilst patients are provided with an excellent
guality orthotic device

The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the scope of the
disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but are to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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CLAIMS
WHAT IS CLAIMED IS:

1. An orthotic device comprising: a single sheet of moldable Poiviactic
Acid (PLA) roaterial for embracing and supporting a body part of a human or animal
comprising an articulation and configured to maintain the body part in an optimal

position for development and treatment.

2. The orthotic device of claim 1, wherein the PLA sheet is formed with
a pluratity of perforations uniformiy distributed over the total surface area of the PLA

sheet.

3 The orthotic device of claim 2, wherein the perforations are distrnibuted

over 75%% to 95%; of the total surface area of the PLA sheet.

4. The orthotic device of ¢laim 2, wherein the PLA sheet has 2 thickness

in the range of about 1.5 mym to about 5.0 mm.

5. The orthotic devige of claim 2, wherein the PLA sheet has a thickness

iy the range of about 1.5 mum to about 3.5 mm,

6. The orthotic device of claim 2, wherein the PLA sheet has a thickness

in the range of about 1.8 mm to about 2.0 mm.

7. The orthotic device of claim 2, wherein the PLA sheet formed with at

teast one aperture {or passage therethrough of a body part of the human or anirsal

& The orthotic device of claim 1, wherein the PLA sheet 1s pre-cut to a

preselected configuration suitable for forming to shape for a custom application.
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9. The orthotic device of claim 1, wherein the PLA sheet is 3D printed.

10, An orthotic system comprising
a single sheet of moldable Poiviactic Acid {(PLA) matenial for
embracing and supporting a body part of a human or animal comprising an
articulation and configured to maintain the body part in an optimal position for
development and treatment; and
a protective layer configured for placement between the PLA sheet and

the body part.

11.  The orthotic system of claim 10, wherein the protective layer

comprises a bandage made of a fabric material.

12.  The orthotic system of claim 10, wherein the protective layer

comprises a single moldable sheet of polyethylene foam (PEF)

13, The orthotic system of claim 12, wherein the PEF sheethasa

thickness o the range of about 1.5 mm to about 5.0 mun.

14, The orthotic system of claum 12, wherein the PEF sheet has a

thickness of gboui 3.0 mm.

15 The orthotic aysiem of claim 10, wherein the PLA sheet and the

PEF sheet have substantially the same structural configuration.

i6.  The orthotic system of clamn 10, further comprising a fastener for

releasably securing the PLA sheet and the PEF sheet onto the body part.
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17 A method of applving a splint to 2 patient’s body to immobilize a

body part of the patient’s body, comprising the steps of

providing g pre-cut sphint formed of a single sheet of moldable Palyiactic
Acid (PLAY material;

heating the splint above the glass fransition teroperature thereof to place
the spitnt in a temporarily elastic state so that it can be molded into the shape of the
body part of the patient’s body, and

mokding the spiint in the heated state onto the body part of the patient’s

body.

18 The method of claim 17, further comprising heating the sphint during

the molding step.
19, The method of claim 17, further comprising the step of appiving a
protective layer onto the body part of the patient’s body prior to molding the splint,

and molding the splint in the heated state oo the applied protective layer

26, The method of claim 17, wherein the protective layver comaprises a

single moldable sheet of polyethylene toam (PEF).
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