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APPARATUS FOR ADJUSTING FOOT STRUCTURES, FOR DESIGN OF A FOOT
ORTHOTIC, AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
{0011 This application claims the benefit of U.S. provisional application serial
no. §1/303,554, filed February 11, 2010, incorporated by reference herein.

TECHNICAL FIELD

1o02] The subject matter described herain relates to an apparatus for
adiusting a strugture, such as 2 bone, in a fool, and for design of a foot onthotic with
the foot structures in an adjusted state. More particularly, the subject matter is
directed to an apparatus that adiusts structures, e.g., bones and soft tissue, of a oot
to a desirable corrective posifion or alignment, and provides a graphic image of a
surface contour of a corrective orthotic device that maintains the desirable corrective

position or alignment of the foot structures.

BACKGROUND

0031 There are two basic types of custom foot orthoses made today,
accommodative orthioses and functional orthoses. An accommodative orthosis is
typically made from a soft or flexible material that cushions and "accommodates™ any
deformity of the foot. This cushioning also results in some dissipation of the forces
required for efficient gait that ordinarily would be wansmitied up the kinetic chain.
Accommodative orthosis, which are typically made of soft or cushioning materials, are
unable to control foot mechanics.

{0o4t A functional foof orthosiz is one that controls joint movernents and/or fool
nosition. Funciionat foot orthoses are typically rigid, and clinicians utilize them to hold
the foot in & position deemed corrective or therapeutic. This approach is problematic
because the foot must be alfowed to remain mobile to continually adapt to the ground in
order o operate efficiently.

[005] Foot orthotics are typically designed based on an exact contour or image
of the plantar surface of a patient's foot, and there are a variety of instruments and
systems for obtaining the exact contour, including mechanical approaches, such as
impression moids using plaster, sand, or foam, and electronic approaches, such as

electro-mechanical and electro-optical devices. The available approaches generally
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provide a mechanical or digital representation of the sensed contour or topography of
the foot, absent any iﬁdi\liduaiized, restorative adjustment of foot structures (e.g.,

- bones or soft issues). While functional and accommodative orthotics may temporarily
decrease fooi pain due o restricting patheoiogic range of motion and in cushioning the
foot, they necessarily cause pathologic gait, and this approach will inevitably cause pain
in other joints in the foot, leg, pelvis andlor 'back as they compensate for this abnormal
motion. There remains a need for an apparatus that generates an image or contour of
a fool's plantar surface when the fool's structures are adiusted to a restored position,

from which a foot orthosis can be constructed that corrects and/or restares the alignment
and/or positioning of foot structures. '

1006] The foregoing exampies of the related art and limitations related therawith

are infended to be lustrative and not exclusive. Other Hmitations of the relaied art will

become apparent {0 those of skill in the arl upon a reading of the specification and a
study of the drawings.

BRIEF SUMMARY

f007 The foliowing aspects and embodiments thersof described and

illustrated below are meant to be exemplary and illustrative, not limiting in scope.
[008] In a first aspect, an apparatus comprising a piurality of pins

and one or more biaéi‘ng members is provided. Each pin is independently
movable atong a longitudinal axis, and the one or more biasing members is configured
o exert & force on one of more pins In the plurality of pins, such that a first set of pins

in the plurality of pins moves from = first position to a second position independent of a
second set of pins in the plurality of pins.

1008} in one embodiment, the one or more biasing members exerts & force {o

achisve movement of the one or more pins in the plurality of ping. In another
embodiment, the one or more biasing members resists a force applied to one or more
pins in the plurality of pins. ,

F0103 in one embodiment, pins in the first set of pins are moved prior to
movement of pins in the second set of pins. In another embodiment, pins in the first
set of pins are moved by a first force applied by a blasing member in the one or more
biasing members to the ping in the first set of ping, the first force different from a

second force applied by a biasing member in the one or more biasing members to
ping in the second sef of pins.

o113 in another embodiment, the one or more biasing members comprise at
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least two blasing members.

0127 in vet another embediment, a first biasing member is dedicaled o
achieve movement of the first set of pins and & second biasing member is dedicated
to achieve movement of the second set of pins.

013} in other embodiments, the one or more blasing members comprise a
plurality of biasing members, for example, the plurality comprises 2, 3,4, 5,8, 7, 8, 9,
10, 11 or more biasing members. In other embodiments, each biasing member is
dedicaled for achieving movement of a single pin in the plurality of pins or of a single
set of ping in the plurality of pins.

f014] in one embodiment, the one or more biasing members are comprised of
a pressurized fiuid, In vet ancther embodiment, a first biasing member exerts a first
pressure on ping in the first set of pins 1o move the pins in the first set of pins along
thelr longitudinal axes, and & second biasing member exerts a second pressure on
pins in the second set of pins 10 move the pins in the first set of pins along their
longitudinal axes, where the first pressurs is different that the second pressure. In
one embodiment, the first pressure is higher than the second pressure,

{015} In stilf other embodiments, the one of more biasing members is
configurad for contact with a third set of pins in the plurality of pins such that ping in
the third set move along their longituding! axis independent from pins in the first set of
pins or the second sef of pins,

018} in one embodiment, the third set of pins are moved subsequent to
movermnent of pins in the first set of pins, and in another embodiment, the third set of
pins are moved by & pressure applied 1o the third set of pins that s different rom a
pressure applied to the first sef of pins. In another embodiment, the third set of pins
are moved at a time and at a pressure different from the first and/or second set(s) of
ping. Similarly, in some embodiments, the second set of pins are moved at 2 pressure
different from the first set of pins, at a time different from the first set of ping, or both,
{6171 In some embodiments, the first set of pins is within a center region of
the plurality of pins and the second set of pins surround the periphery of the center
region, or in other words, are in & non-cenier regions of the pluraiity of pins.

018} The plurality of pins coliectivety define an upper surface and a lower
surface, and in one embodiment, the one or more biasing members is a single,
movable biasing member that contacts the lower suface of the plurality of pins,
o181 in yet other embodiments, the apparatus further comprises a sensor o
defermine a position of one or more pins within the plurality of gins.

-
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[020] An apparét_us comprised of a plurality of pins and at
least one biasing member is also disclosed, wherein the plurality of pins is supported with a

frame or housing, and each pin is independently movable along a longitudinal axis.
One or more biasing memibers is disposed within the frarne, where the one or more
biasing members is configured for contact with one or more pins in the plurality of pins
such that a first set of pins in the plurality of pins is moved along the longitudinal axis
of each pin in the first set at a pressure andfor at a ime different from movemeni of 2

second set of pins in the pluraiity of pins along the longitudinal axis of each pin in the
sacond set.

021} As disclosed herein, the one or more biasing members comprise @

plurality of biasing members. As disclosed herein, each biasing member in the

phurality of biasing members is dedicated for movement of a single pin in the plurality
of pins or of a single set of pins in the plurality of pins,

[022] As disclosed herein, a first biasing member is dedicated for urging

pirs in the first set of pins from a first position to a second position (e.g., from an initial
position to an engagement position), and 2 secend biasing member s dedicated for
urging pins in the second set of pins from a first position o & second pesition (e.g.,
from an initial posifion to an engagement position).

[023] As disclosed herein, the ane or more biasing members is configured

for direct or indirect contact with sets of pins, and in another embodimeant, for direct or
indirect contact with & third set of pins in the plurality of pins such that pins in the third
set move along thelr lengitudinal axis at a pressure or at a ime (e.g, subseguent to)
differgnt than pins in the first set of pins and/or the second set of pins.

[024] As disclosed herein, the bizsing member has an upper surface for

contact with the lower surface of the plurality of pins, and wherein the upper surface of
the biasing member has a pre-selecied contour 10 contact the first set of pins prior fo

contact with the second set of pins. As disclosed nerein, the biasing

member is reclangular, and the upper surface has g pyramid-ike contour with an apex
offset from a center point of the rectangle. As disclosed herein, the
biasing member is reclangular, and the uppsr surface has 2 iemaced confour with an

uppermost terrace offset from a center point of the rectangle. As disclosed herein, the biasing
member consists of tens sides, and wherein five of the ten

sides are on the upper surface. As disclosed herein, the pre-selecled

 confour of the biasing member is & pyramid-like shape with g flat apex.

[025] As disclosed herein, the biasing member is composed of & first



material having a first density and a second material having a second density.

As disclosed herein, the biasing member or members is/are composed of a fluid.

preferably & gas, that can be pressurized to urge pins from first to second positions.
As disclosed herein, the biasing member or members is/are a force that act directly

or indirectly on one of more pins to effact movament of the pin{s) from first to second
positions. Exemplary forces include magnetic force, 8 prneumatic farce or pressure, a
pressurized fluid force, gravitational force, 2 rmechanical forca and the like.

[026] As disclosed herein, the biasing member is composed of a first

material having a first durometer and a sscond material having 2 second durometer,
As disciosed herein, the first material is a viscoelastic foam.

As disclosed herein, the biasing member is composed of a rubber, an elastomer, a piastic, or a
foam.

027} As disciosed herein, the apparatus further comprises a jocking
membear 1o secure one of more pins in the plurality of pins.

[028) As disclosed herein, the apparatus further comprises a sensor to

determine a position of one or more pins within the plurality of pins. As disclosed herein, the
apparatus comprises a single sensor that determines the position of each pin in the plurality. As
digclosed herein, the apparaius comprises two of more sensors. As disclosed herein, the sensor is
a non-contact sensor

and exemplary non-contact sensors include 2 ieser, such as a one-dimensional laser,
a two-dimensional laser, or a three-dimensional laser, and an optical distance

scanner. 1he apparatus can optionally include a reflective surface pesitioned to

refiect & beam from a iaser‘sensor. As disclosed herein, the sensor

comprises g plurality of cameras for obtaining images of the plurality of pins from a
plurality of angles.

[028] As disciosed herein, each pin in the pluraiity of pins has a diameter

betwean 0.0624 inches to 0.2580 inches.

[630] As disclesed herein, the apparatus further comprises a

transducer, such as & hall sensor or capacitive sensor, associated with the one or
more biasing members.

[0311 As disclosed herein, the appératus comprises a sensor to

determine relative movement of the one or more biasing members.

[032] As disciosed herein, the plurality of pins and the one or more

biasing members are capable of producing a force per pin of between about 0.02-4.0
ib-f, more preferably between about 0.02-5 1b-f.



f033] in another aspect, a method for obiaining a restored bone state in a fool
is provided. The method comprises placing a

'péantar surface of a foot on ai apparaius as described hersin, the plantar surface
.piaced on-an upper surface defined by the plurality of pins, wherein said pluraiity of
nins are in an initial posifion. Movement of pins in the plurailty of pins is initiated, via
the one or more biasing membera; such thatl a first set of ping adiusts one or more
bones in the foot fo 2 restored bone state and & second set of pins engages the fool
plantar surface. A position of each pin in at
lzast the first pin set and the second pin set is determined, to obtain a profiie of the
foot in its restored bone state.

(6343 in one embodiment, the mathod further comprises transferring positional
information of each pin to a computer. in ancther embodiment, a position of each pin
in at least the first pin set and the second pin set is determined, o obtain a profile for
construction of a foot orthotic or a series of foot ortholics fo be worn sequentially,
f0258] in vel ancther embodiment, the first set of pins adjusis one or more
bones in the mid-foot region, or localized mid-foot region, of the foot, and a third set of
pins in the plurality of pins moves via the one or more biasing members, such that pins
it the third set of pins engage the foot plantar surface at a region other than the mid-
foot region. .

1036] in vet ancther aspect, a method s provided, wherein the method
comprises placing a plantar surface of 2 foot an apparaius comprising {i) a plurality of
pins, wherein each pin in the plurality of pins is independently movable along a
longitudinal axis, and (i} one or more biasing members configured for contact with one -
or more ping in .the plurality of pins, such that a first sat of pins in the plurality of pins is
moved along the longitudinal axis of gach pin in the first set indapendent of 8 second
set of pins in the plurality of pins. Movement of the one or more biasing members is
- effected, such that at least some of the pins in the plurality adjust one or more bones in the foot fo an
adjusted pesition; and a position of each pin in at least the first pin set and the second
pin set i3 determined.

FG37] in one embodiment, the first set of pins adjusts one or more bones in
the foot fo a restored bone posificn. in another embodiment, the first and second sets
of pins engage the foot in order {0 achieve & restored bone position.
f038] in one embodiment, movemeni of the pins or a2 biasing member is such

that the first sai of pins adjusis one or more mid-fool bones 0 an adjusted position.
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[G38] in another embodiment, the one or more biasing members is a fluid, and

pressurizing the fluid effects movements of one or more ping or seis of pins in the
pluralify. _ '
oan] |  inanother embodiment, a Tirst biasing member has a first pressure, to
achieve movement of the first pin set, and a second biasing member has a second
pressure, to achieve movement of the sscond pin set. The first pressure and the
second pressure can be the same or different.

1041} in other embodiments, the position of an end of each pin in af izast the
first pin set and the second pin set that engages the foot plantar surface are
determined, to obtain a positional point of each pin, the positional poinis collectively
defining a surface map.

[04.2] in ore embodiment, the meathod further comprises after the step of
causing, locking the plurality of pins to secure each pin in & final position.

10431 in another embodiment, the step of determining comprises detarmining
by means of the sensor a position of each pin.

[044] in still another embodiment, the method further comprises transferring
pesitional information of each pin 10 2 computer {o construct a digial image of the
profile. '

[0453 in another embodiment, the step of determining comprises determining
z position of each pin in at least the first pin set and the second pin set to obtain a
profile for construction of a series of foct orthotics to be womn seguentially.

[046] There is also disclosed a method comprising providing an apparatus

comprising {§) a plurality of pins, wherein each pin in the plurality of pins is
independently movabie along a longitudinal axis, and (i) one or more biasing
members configured for contact with one or more pins in said plurality of pins such
that a first set of pins in the plurality of pins is moved along the longiludina! axis of
sach pin in the first set independent (2.g., prior {o or at a different pressure) movemeant
of 2 secend set of pins In said plurality of pins along the longliudina! axis of each pin in
the second set of pins: placing a plantar surface of a fool on the plurality of ping;
causing movement of the one or more biasing members such that some of all of the
ping in the first set of pins adjusts ong or more bones in the foot to an adjusied
position, and the second set of pins engages the fool plantar surface at positions
responsive to the one or more bones in the adjusted position; and after the step of
causing, determining a posifion of sach pin in at lsasi the first pin set and the second

pin set.



[047] As disclosed herein, the first set of plurality of pins contacts a foot

plantar surface in a pre-determined or pre-selected foroe, contour or patiern o
oroduce mid-tarsal movement sufficient to produce tension in a dorsal ligament
thereby prbducing an adjusted position of the foot. Second and subseauent sets of
ping in tﬁe plurality are ccﬁ‘saét the fool in its adjusted position, the second and
subsequent nlurality of pins contacting the foot in its adjusted bone position or
restored bone state at a time or foree different or the same as the first pin set.
048] in another aspect, a method is provided, whersin the method comprises
angaging a cenier engagement structure against a localized mid-foot ragion of a
planiar surface of a subject’s foot {o adjust one or more mid-foot bones inio a restored

bone siate:

determining a surface map of the plantar surface of the foot with the mid-foot bone in its restored bone state.

10487 in addition o the exemplary aspecis and embodiments described
above, further aspects and embodimeants will become apparent by reference fo the
drawings and by study of the following descriplions.

BRIEF DESCRIPTION OF THE DRAWINGS
10541 FIGS. 1A-1B are views of an individual's right foot, shown as & fop plan
view {FIG. 14) and a side view from the right (FIG. 1Bj; -
fa51) FIGS. 1C-1E are a top plan views of 3 right foot, showing the (i ekl
and 5" rays (Fig. 1C), the mid-foot region and the localized mid-foot region (Fig. 1E)
F052] FiGS, 2A-2B is a perspective view (FIG. 2A) and a side view (FIG. 28)

of an embediment of the apparatus describad herein;

f083] FIGS. 3A-3B are simpiified filustrations of an embodiment of the
apparatus, where a biasing member provides differential movement of pins in 2
plurality of pins, where the pins in an initial resting position {F1G. 3A) are urged along

thelr lonpitudinal axes by a contoured biasing member (FIG. 3B

f054] FIG. 4 is a illusiration of another embodiment of a biasing member
having a preselected surface coniour to provide differential movement of pins in a pin
bed array;

[o&8] FIG. 5 is 2 top view of a pin bed showing a center band region of pins;
fo58] FIGS. 6A-68 are simplified flustrations of another embodimant of the
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apparatus, where a béa&;éng'member pravides differential movement of pins ina
piurality of pins, where the pins in an initial resting position (FIG, 8A) are urged along
their longifudinal axes upon inflation of a biasing member (FIG, 8B);

JOBTY FIGE. 78-7C are simplified illustrations of another embodiment of the
apparatus, wherein differential, independent movement of each pin in a plurality of
pins is achieved by individual elecironics assigned to sach pin, where the pins in an
initial resting position (FIG. 7A} are urged along thelr longitudinal axes upon activation
or electronic signaling (FIGS. 7B-7C};

fosgl FIG. 8 iltlustrates ancther embgdimam whaerein differential, independent
movement of ping, or engagement siructures, is achieved by a spring associated with
aach pin;

fG89) FIGS. 9A-8C are simplified fllustrations of another embodiment of the
apparatus, wherein differential, independent movement of sets of pins is achisved
prneumatically via pressurized fluid gs the biasing member, where the pins in an initial
resting pesition {(FIG, 9A) are moved in sets in response 1o pressure in a zone in fluid
communication with each set (FIGS. 9B-8CY;

FG80] FIGE, 10A-108 tlustrate in top view (FIG. 104) and in cross-sactional
view {FI(5. 108} ancther embodiment of an array of engagement structures that
engages a localized mid-foot region of 2 feot plantar surface o manipulate bones inlo
an adjusted or restored state, with subseguent engagement by peripheral engagement
structures of regions surrounding the mid-foot region;

TGe1] FIG. 114 is a perspective view of another embeodiment, comprising a pin
bed array and a biasing member associated with each pin or with zones of pins in the
array io permit ditfferential, independent movement of the pins or zones of pins along
their longitudinal axes,

[082} FIG. 118 is a perspective view of another embodiment comprising a pin
bed array and a biasing member that provides differential, independent movement of
ihe pins along theilr longitudinal axss in accord with the surface contour of the biasing
member;

10631 FiGS. 12A-12C illusirate in sequence operation of an exemplary
apparatus, where pins are in initial resting positions (FIG. 124}, a zone of pressurized
gas acts as a blasing member to effect movemant of pins or pin sets in 2 desired
patiern or sequence of movement {(FIG. 128}, and the position of each pin or pin set is
ascertained {(FIG. 120); and

1064} FIGE. 13A-13C Hlusirate in sequence operation of another exemplary
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apparatus, where the pins are in initial resting positions and the biasing member is
retracted (FIG. 13A), the biasing member is moved inlo position to urge the pins
upward (FIG. 13B), and the position of each pin is ascertained (FIG. 130).

DETAILED DESCRIPTION
3 Definitions
[085] As used throughout the present disclosure, the technical and scientific
terms used in the descriptions herein will have the meanings commeonly understood by
one of ordinary skilf in the art, unless specifically defined otherwise.
6] As used in this specification and the appended claims, the singular forms
“a," "an,"” and "the" include plural referents unless the context clearly indicates otherwise,
Thus, for example, reference o a patient's "oof”® can include both fest, reference fo an
"orthotic device™ includes & single device as well as two or more of the same or differsnt
devices, and reference to a "tarsal bone” refers to a single tarsal hone as well as two or
more farsal bones. The use of “or should be understood to mean "and/or” unless stated

»

otherwise. Simitarly, “comprise,” "comprisas,” “comprising” "include,” “includes,”
“including,” “has,” "have” and "having” are interchangeable and not intended to he
miting. His also o be understood that where descriptions of various embodiments use
the ferm “comprising,” those skilled in the art would understand that in some specific
instances, an embodiment can be alternatively described using language "consisting

essentially of” or “consisting of”

i, Apparatus

[O87} Before discussing the subject apparatus and its methods of use, a brief
anatomy of the fool is provided, with reference to FIGS. 1A-18 which depict bones and
ioints in a right foot and lower leg 10, As seen in FiG. 1A, the phalanges 12 form the
toes and connect to the metatarsais 16, Together, the five phalanges and the five
metatarsals form the “forefoot”. As a point of reference, the first metatarsal bone is
commonly known as the ‘big loe’ and typically bears the muost weight in the forefoot and
plays a role in propulsion. The "mid-foat” region 14 includes the three cunaiform bones,
tateral, middie and medial, generally designated at 18, the cuboid bone 20 and the
niavicular bone 22, The distal row of the midioot contains the three cunelforms and the
cuboid and is bounded distally by the metatarsal bones. The proximal row of the midfoot
consists of the cuboid and the navicular. The three cuneiforms articulate proximally with

the navicular bone. The "rear fool” 24 includes the talus 28 and the calcaneus 28, The

10



WO 2011/100461 PCT/US2011/024389

calcaneus is the larges! larsal bone, and forms the heel. The talus rests on top of the
caicaneus, which interconnects the foot to the tibia 30 and the fibula 32. A subtalar joint
34 constitutes the inferface between the talus 26 and the calcaneus 28. A midiarsal joint
36 comprises the inlerface betwaen cuboid bone 20, navicular bone 25, talus bone 28
and calcaneus bone 28,

1068} The fool s typically divided into two columng. As shown in FIG. 1A, 2
fateral or lateral load-bearing colurmn is generally designated by identifier 38, which is fo
the right of dashed line 37, Lateral lvad-bearing column 38 comprises the calcaneus 28,
the cuboid 20 and the fourth and fith rays of the metatarsals 16 and of the phalanges 12.
This renresents the ouler portion of the foot including the fourth and fifth toes. A medial
of medial dynamic column generally designated by identifier 40, which i {o the left of
dashed line 37, comprises the talus 26, the navicular 22, the cuneiforms 18 and rays
one, two and three of the metalarsals and of the phalanges. This corresponds fo the
inner section of the foot including the first three toes,

{068} There are four arches of the feol. The "medial longitudinal arch” includes
the caicaneus, ialus, navicular, the lateral, middie and medial cuneiforms, and the first
three metatarsais. in an ideal foot, the medial longitudinal arch is the highest of the thres
arches. The "lateral longiiudinal arch” includes the calcanaus, cuboid, and the fourth and
fifth metstarsals, The laters! longitudinal arch is typically lower and flatter than the
medial arch. The two fransverse arches are the "transverse tarsal arch” (comprising the
cunefforms, the cubold and the base of the five meiatarsals) and the "transverss
metatarsal arch” {comprising the & metatarsal heads).

7o As wiill be detlsiled below, the present apparaius when in contact with a
plantar surface of 2 foot adjusts selected foot structures, e.g., bones, joints, soft tissues,
prefarably initially in the midfoot region and subsequently in regions surounding the mid-
foot region. Adiusiment of foot structures in & mid-foot region initially places the foolin a
restored or adjusted siate, wherein the relationship between the foot bones is clinically
optimal. As used herein, an “initial bone siale” intends the relationships of the benes in
s patient's foot in a first, initial or unrestored configuration/relationship before
adiustment or manipulation of the bones, such as by treatment with an apparatus as
described herein. A "resiored bone state” refers to the configuration/relationship of
foct bones that is different from an initial bone state, and in a preferred embodiment
refers to the configuration/retationship of fool bones that approaches oris 2
physiclogically or medically desired position, for exampie, for optimal joint congruency

and function. The apparatus includes structures for constructing an image or ‘digital
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orihotic profile’ that is used in construction of a foot orthotic davice to maintain the foot
bones in s restored bone state; that is with foot structures in a clinically optimal position.
Neither the midtarsal joint nor the subtalar joint is a guiding or controliing structure, but
instead these joinis are merely responsive to the position of other foot structures, In
particular structures in the mid-fool.

074} Figs. 1C-1E Blustrate what is intended by the term mid-foot region. Fig.
1C shows the 17, 2™ and 57 rays of foot 10, designed as 42, 43, and 44, respeciivaly.
The 1% ray is along dashed line 42 and extends from the phlanges of the big toe, along
the first metatarsal, bisects the tateral cunieform and the navicular. The 2™ ray is along
dashed line 43, and exiends from the phianges of the second foe, the second
metatarsal, bisects the medial cunieform and the navicular. The 5% ray is along dashed
line 44 and extends along the fifth or litle toe phlanges, the 5 meatatarsal, and the lateral
edge of the cuboid bone, The mid-foot in a preferred embodiment is the region denated
46 in Fig. 1D and bounded by the 1% and 5" rays, the base of the metatarsals and the
midtarsal joinl. The “localized” mid-foot region is the region dencted 48 in Fig, 1E and is
bounded by the 2nd and 57 rays, the base of the metatarsals and the midtarsal joint.
G672} Turning now o the subject apparatus, e first embodirment is shown in Figs.
2A-2B. Apparatus 50 is genarally comprised of & housing 52 enclosing a support frame
54, the top portion of which is visible in Figs. 2A-28, and shown maore fully i phantom in
Fig. 2B, Disposed within support frame 52 is a plurality of movable pins or engagement
struciures, such as pins 58, 58 which are representative, to form a pin bed 8C. Each pin
is moveable between at least a first postlion and a second position, and is oplionally
movable o subsequent positions if desired. In one embodiment, a first pin position is a
resting position in which the pin is withdrawn from contact with a foot 62 placed on the
pin bad, and g second pin position is an engagement pesition in which the pinis in
contact with the plantar surface 64 of the fool In other embodimenis, a first positionis a
resting position wherein a pin is in contact with a foot placed on the pin bed in such a
way that little or no force is sxerted by the pin against the plantar surface of the foot, and
a second position is an engagement position in which the pin exerls a pressure or force
on the plantar surface of the fool. An optional support plate 66 has & plurality of '
openings, such as openings 88, 70, through which a single pin can move as it travels
betweens its resting position and s engagement position. The apparatus will generally,
but optionally, inciude input and output ports, such as ports 72, 74, for connecting the
apparatus o peripheral equipment, such as keyhoards, compulers, and other

electronics, Appropriate on/off electronics 78 and display lights can optionally be

(2



WO 2011/100461 PCTUS2011/024389

inchsdead,

{073 The apparatus aiso inciudes a biasing member, not shown in Figs. 2A-
2B, but shown and described with reference to Figs. 3-8, As will be evident fram the
descripiion of Figs. 3-8, the apparatus can include one or more biasing members, and
a varnety of biasing members are confempiated, the embodimenis shown herein
merely exaemplary of the concepl. In a first embodiment, shown in Figs. 3A-38, a
frame 80 provides structural support for an array of pins 82 and a biasing member 84,
Biasing member B4 is positioned on a platform B8, visible in Fig. 3B, which is movable
by a drive means 88,

1074] Biasing member 84 has an upper surface 90 that has a pressiecied
contour. The contour in the embodiment of Figs. 3A-3B is such that an inner region
82 of the surface is a flal apex, relative 1o the upper surface 80, Regions of surface §0
surrounding the apex gently slope, giving the surface of the biasing member a
pyramid-like contour. The biasing member is movable between a first position, as
depicted in Fig. 3A, and a second position, as depicled in Fig. 3B. The biasing
member in its first position is positioned such that its upper surface is not in contact
with pins in the array or, alleratively, Touches the proximal ends of selecied pins
corraspondingly disposed above the flat apex region, As the biasing member ravels
from its first position {o ifs second position, pins in the array of pins are engaged and
displaced, in a paliern diciated by the preselected contour of the upper surface of the
biasing member. in this embodiment, a first set of pins, designated by the bracket 94,
is first contacted by the flat apex region of the biasing member. First set of pins 94
moves along their respective lfongitudinal axes, such as 2xis 86 of pin 88, Continued
upward {with respect {0 the drawing) movement of the biasing member brings contact
between the regions of the bizsing member surface surrounding the apex and a
second 5@% of pins, designated by brackets 100, 102, Pins in the second set, once in
engaging contact with the biasing member, move aleng their longitudinal axes. itis
appreciated that as the biasing member continuas movement, third, forth, and
additional sets of pins come into contact with the biasing member and are urged into
motion, for contact with a plantar surface of a foot on the array of pins. i is also
appreciated that second and subsequent sefs of ping are peripheral to the first set of
pins, and preferably peripheral annularly. The number of pins in a set will vary, as can
be appreciated, and can range from 1 pin fo 71 pins, where 11 is the otal number of
pins in the oin bed. More generally, the number of pins in & set will range from 3-10%
of n, from 5-20% of n, from 8-25% of n, and from 10-30% of n, or in other
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embodiments, from 3-30% of n.. As will be llustrated below, the number of pins in a
set is not critical to the invention so long as the movement of the pin sets encounters
and inferacts with a foot io achieve movement of a foot structure from a first initial
bone state to a second restored bone siate, in preferred embodiments, a foot
structure i the mid-fool region of the foot is adjustsd to a resiored bone state, and in
mare preferred embodiments, a foot structure in the mid-foot region of the foot is
adjusted to a restored bone state prior {o adjustment of a foot structure in a non-mid-
fool region.

{O7T5] A skilled artisan will appreciate that the contour of the biasing member
defermines the initiztion of movement of each pin in the array of ping, and the final
poshion of each pin in the array. A variety of geomeiric shapes and surface contours
of the bigsing member are envisioned and contemplated. The pyramid-like shape is
merely exempiary, and an alternative shape or surface contour is a terrace shaps.
Another exemplary shape s shown in Fig. 4, where member 104 has a surface
contour that includes a raised structure 105, Struciure 105 has an apex 1086 that will
engage one of more movable ping in a first set of an array of pins prior to engagement
of pins peripheral o the first set. The apex of the biasing member is positioned within
the apparatus such that a foot placed on the pin bed array is initially engaged by the
first set of pins, Le., the pins engaged by the apex 106 of structure 105, in a mid-foot
region. Raised structure 105 has ane or more slopes, such as slopes 107a, 107b,
107¢c, and 1074, that extend from the base surdace 108 of biasing member 104 {0
apex 108, A skilied artisan will appreciate the possible variations in the actual
dimensions of each siope, and the sidewslls betwesn each siope.

{078} Generally, and in a preferred embodiment, the surface contour of the
biasing member causes initial moverment of a first set of pins in an inner ragion of the
pin array. To illustrate, Fig. 5 depicts a top view of an array of ping 110. A first setof
pins in an inner or center region of the array is identified by the pins within the dashed
ling 112, The first set of pins in the center region 112 is not necessarily in the
mathaematical center of the array, bul will typically have surrounding pins on fwo, three,
or four ‘sides’ of the region. More generally, the center region of the pin array can be
considered all or 2 portion of 3 center band of pins, such as band 114 in Fig. 5. The
center band has pins peripheral thereto, including both proximal and distal thereto, the
peripheral pins forming second and subsequent seis of pins which are urged by ong or
more blasing members subsseguent {o the first set of pins. i use, as will be Hllustrated

below, & foot is positionad such that all or a portion of the mid-foot is placed for
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contact with a first set of pins, such that structures in the mid-fool are contacted with
pins before structures in the forefoot or rear foot.

077 in another embodiment, movement of first and subsequent seis of pins
is achieved with a plurality of biasing members, rather than by a single biasing
member as in Figs. 3A-3B. In this embodiment, a first independently controlled
biasing member is moved from ifs initial position o a second position, to urge pins in a
first set. Second and oplionaily subseguent biasing members, preferably each
independently contrailable, are then moved from initial {o second positions o urge
second and optionally subseguent sets of pins. Hustrative examples of this
embodiment are now provided.

fa78} Figs. 8A-8B Hlustrate another embodiment of a biasing member
contemnplated for use with the subject apparatus. A frame 120 provides structural
support for a pin bed 122, and 2 biasing member 124, Blasing member is moveable
incrementially from an initial position, as depicted in Fig. 84, and a final position, such
as that depicted in Fig. 88, in this embodiment, biasing member is an inflatable
structure, comprised of two or more materials that respond differently to the inflation
pressure, or comprised of fwo or more distinet inflation structures that are inflated
sequentially or separately. in this way, the blasing member is activated {0 urge a first
set of pins, such as the pins designated by bracket 126, upward {with respect o the
drawing) along their longitudinal axes. Continued inflation of the biasing member
results in pressure applied to additional pins, resulting in movement of pins in addition
io those pins in the firsi set.

1679 Another embodiment of a biasing member is shown in Figs. 7TA-7C.
Heare, a plurality of biasing members is provided within an optional support frame 130
A plurality of engagement structures 132 form an upper surface, designated by
dashed line 134, and a lower surface, designated by dashed line 136, Each
engagement structure in the plurality, such as engagement structure 138, has a
dedicaled biasing member, such as member 140 on engagement structure 138, The
dedicated biasing members can be, for example, a piston driven by a pressure source,
a servo-controlied motor adapied o raise an associated pin by a preselecied distance,
a spring {e.g., & constant force spring or a linear spring), a hydrauic, pnsumatic or
magnetic device, or the like. The necessary electronics fo signal each biasing
merriber is positioned, for example, in a structure 142, Each engagement structure in
the plurality is moveabls independently or in combination with other engagement

structures in the plurality by a signal, such as an electric signal or pressure,
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communicated to the biasing member on the engagement structure. Upon receint of a
signal, one or more engagement struciures are maoved from their initial position, such
as that depicted in Fig. 7A, 10 a second or subseguent position, such as that depicted
in Fig. 78, where a sef of engagement struciures 144 in a center region of the pluraiity
has moved, Subseguent signals to other engagement structures causes movement of
second engagement structure sets, such as set 148 in Fig. 7C, and third engagement
structure setls, such as set 148 in Fig. 7C.

[E807 in one embodiment, all of the engagement struciures in the plurality are
moved simulfaneously. In this embodiment, ali or a portion of the engagement
structures are differant in length from each other or from another portion of
angagement structures in the plurality so that as the engagement structures are
moved simulianeously, from an initial flat surface, the resulling shape of the top
surface of the engagement structures is of a desired shape or pattern. A skilled
arfisan can appreciate that the ability to control each engagement struciure provides a
vast number of possible preseiected patterns of engagement struciure movement.
Linder confrol of a computer, the position of sach engagement struciure can be
adiusted as desired, and the engagement structures forming any given sei can be
readily varied.

{681} Another exemplary embodiment for biasing pins, also referred to herein
as engagement structures, individually is depicted in FIG, 8 wherein differential,
independent movermnent of pins is achieved by g spring associated with each pin. in
this Hlustration, several ping in a plurality of ping, or engagement structures, are
shown, and pins 150, 152 are representative. Each pin in the plurality comprises a
distal tip with & slesve, such as tip 154 and sleeve 156 on pin 152, The shaft of each
pin, such as shaft 158 of pin 1562, is enclosed by a spring, such as spring 160. Each
oin is secured in a bottom plate 182 by a sealing structure, such as structure 154 on
the shaft of pin 152, A top plate 166 has a serles of openings afigned with each pin in
the array and dimensioned for passage of each pin during its movement from an initial
position to an engagement position, Dashed line 188 indicates the initial position of
the proximal base of each pin in the array, and as seen the ouier peripheral pins are in
their initial positions and the center pins 150, 152 are moving foward or are in an
engagement position due to upward (with respect to the drawing) travel of boltom
plate 162. Differential travel of pins in the array is achieved through selection of the
spring on each pin. For example, peripheral pins 170, 172 may have & shorter spring
than neighboring pins, or a spring with a higher force constant than a neighboring pin,
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50 that movement of force plate causes travel of pins with longer springs or lower
force constants prior to causing movement of pins 170, 172. In this way, pins that will
initially engage the mid-foot of a patient’s foot placed on the plurality of pins, for
adjustment of mid-foot structures prior to contact between the foot plantar surface and
pins peripheral to the pins making inftial contact in the mid-foot. The apparatus in Fig,
3 additionally includes one or more sensors, such as a force sensor 174 and/or 3
sensor 176 to determine the position of sach pin at any time during Qparétian of the
apparatus, and in particular to determine the position of each pin in its engagement
nosiion.

f082] Another embodiment of the apparatus is flustrated in FIGS. 9A-8C. in
this embodiment, an apparatus 177 comprises a plurality of engagement siructures
178 that collectively define an upper surface, designated by dashed line 180, Each
engagement structure in the plurality, such as sngagement structure 181, has a
dedicated sensor, such as Hall sensor 182 on engagement structure 181, to
determine the position of the engagement structure at any time during operation of the
apparatus. The apparatus also includes a manifold 184 with an inlet 183. Manifold
184 is partitioned into one or more zones, such as zones 184a, 184k, 184¢, 1844 and
184e, which are representative. Movemaent of a set of engagement structures, such
as set 185, is effected by a change in pressure in a corresponding zone, such as zone
184¢ for set 185, A fluid, preferably a gas and more preferably an inert gas such as
aiy or nitrogen, is infroduced info manifold 184 via inlet 183, While not shown in detall
in the drawing, appropriate valves, tubes, partiions and/or bladders are present in the
manifeld andfor the apparatus such that the gas can be directed into one or more
desired zone(s) at the same or different pressure. By way of example, and with
reference fo Fig. 98, a gas is infroduced and routed to zone 184¢ fo effect movement
of engagement structures in the set of engagement structures 185, Gas in zone 184c
is supplied to a selectad pressure, P1, o urge pin set 185 info contact with a foot
piaced on surface 180, As discussed above, pin set 185 preferably contacts a mid-
foot region of the foot, {o adjust a bone in the mid-foot region 1o a resiored bone siate.
Nexi, and with reference o Fig. 8C, gas is introduced info a second zone of the
manifold, such as zone 1844, to achieve a selected pressure P2, which can be the
same as or differend from P1. Thereafier, gas is introduced info other zonas, such as
zones 184z, 184b and 184e, at the same or different pressuras, indicated as P3 and
P4 in Fig. 8C, 1o urge sets of pins controlied by the pressure in a corresponding zone
info contact with a {oot piaced on the pin bed array. As can be apprecialed, in this
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embodiment the biasing member of the subject apparatus is a gas, and more
praferably, a prassurized gas.

(083} The number of pins In & set can vary, as discussed above. The
pressure applied fo a pin or set of ping is also sasily varied, as a skilled artisan will
appreciate. in one embodiment, the pin bed array has at least two, preferably thres,
four, five, six, seven, eight, nine, len or more separate regions that can be pressurized
independently. in one embodiment, at least one zone is pressurized {0 a pressure
greater than about 25 psig (1.7 x 10° Pa), preferably greater than 30 psig (2.1 x 10°
Pa). In another embodiment, engagement structures in a set are urged by a biasing
member that s a gas pressurized to a pressure between 5-40 psig (3.4 x 10%- 2.8 x
10° Pa). In another embodiment, a first pin set in the array is urged into an
engagement position for contact with a fool at s first force sufficient {o displace 2 bone
in the foot, and second and optionally subsequent sets of pins are movad infc an
engagement position for contact with a foot at & second force thatl is less than the first
force. In another embediment, more than one pressure is applied to urge more than
one sef of ping info an engagemeant position for contact with a foot,

0841 With reference again to Fig. 8A, in one embodiment an expandable
maternial covers the surface 180, so that a foot placed on the surface is in direct
cortact with the expandable material. In another embodiment, each pin in the pin bed
array s movably disposed in a cylinder in fluid communication with 2 manifold, and the
amount of gas to be infroduced into each cylinder is independently controliable.
Adternatively, a set of n pins is movably positioned in a cylinder in fluid communication
with a manifold, and the amount of gas can be confroliably introduced or removed
from the shaft fo control movement of the set of n pins {where 71 is as defined above).
in this way, the pressure in each cvlinder can be varied o vary the pressure that urges
sach pin set inte contact with a fool, and if desired after adjusting a foot to s restored
bone state, the pressure in any individual cylinder or across ali cvlinders can be
equalized.

{0851 With reference 1o Fig. 9C, whan the pins or seis of ping are in a final
desired engagement position, one or more sensors, such as Hall sensor 182, provide
positional information for each pin in the array. The positional information is relaved o
a computer, o construct a digital image of the foot, for construction of a foot orthotic
that places one or more foot bones in a restored bone state,

[G8&] The exemplary devices described above each include an array of

engagement structures that interact with cne or more biasing members {0 achieve
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initial contact of a subset of pins in the pin bed array with a mid-foot region of a
patient’s fool. Figs. 10A-108 illustrate another embodiment of an apparaius that
achieves this desired sequence of contact, in this embodiment, an array of
engagement stiuctures 188 is dimensioned for receipt of a plantar surface of a foot,
The array includes a center post member 189 that is positioned such that when a foot
is placed on the array, post member 188 is in or will be in contact with a localized mid-
toot region of the fool's plantar surface. Post member 189 can be movabie in a
longitudinal direction by a blasing member (not shown) or, in another embodiment,
can be fixed and immovable. The post member is positioned in the array and
dimensionad to contact the mid-foot region prior to contact bemeeﬁ engagementi
siructures peripheral to the post member and the fool's plantar surface. In this way,
structures in the mid-foot are manipulated inte an adjusted or restored state before
structure peripheral {o the mid-fool region are contacted by engagement structures in
the array.

{0871 From the ilustrative embodiments above, it can be appreciaied that a
skilled engineer can envision a variety of approaches (o design an apparaius whersin
one of more pins engage a fool at a desired position with a force sufficient to displace
a structure {preferably a bone, ligament, connective fissue etc.) in the foot to
manipulate the fool into a restored bone state. These variety of approaches include,
in addition to those described hersin, an array of pins wherein each pin in the array is
raised simullaneously with the other pins in the array bul sels of pins in the array
contact the foot with different force (pressure}. A higher force could, for example, be
applied to the set of ping that contact the mid-foot region {o adjus! bones iy the mid-
fooi region. In another varialion, an array of pins is provided wherein the pins respond
cifferently to an applied pressure to achieve differential application of pressure to a
foot responsive {0 a commonly applied pressure to the pin bed. In ofther variations, i
is contemplated (o provide an apparatus wherein an engagement structure(s)
physically contacts a oot in a position to achieve a restored bone siate, and the profile
of the fool swrface is obtained in a non-physical contact manner, such as with a laser,
to obtain a digital image of the Toot in its restored state via physical contact only at the
point of physical manipulation.

f088] Accordingly, in an embodiment, an apparaius and a method comprise
engaging a center engagement structure against a localized mid-foot region of a
plantar surface of a subject’s foot to adjust one or more mid-foot bones into a restored

bone state and determining 2 surface map of the plantar surface of the foot with the
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mid-foot bone in its restored bone state. The surface map of the foot surface can be
detarmined using a sensor that is not in physical contact with the foot or an
engagement siructure. For example, a iaser can be used as the sensor, where the
physical structure of the laser sensor does not contact the foot or the engagement
structure, although the light beam emitied from the laser will contact the foot or the
engagement siructure. it will also be appreciated that in ancther embodiment, ane or
more engagement structures, in addition to the central engagement structure(s), can
contact the plantar surface, and the position of the one or more additional engagement
structures determined from which a surface map or profile of the plantar surface of the
foot in its restored state is obiained.

(089} A skilled artisan will appreciate that an alternative embodiment of the
apparatus comprises an array of pins positionad in the apparatus in a first position for
engagement with a plantar surface of a fool. The pins move independentlyto a
second position subsequent to engagement with the plantar surface. One or more
biasing members controf or resist movement of the pins from the first to second
position, whare the one or more biasing members control or resist such movement at
different pressures. By way of example, the apparaius of Fig. 8 can be modified such
that the pins are in an initlal “raised” position for engagement with a foot. As the foot
presses on the pins, the pins are displaced or “lowered” fo & second peosition. A
biasing member associated with each pin, e.g., in this embodiment a spring on each
pin, resists the downward force applied fo each pin, where the resistance can differ
according fo the force constant of each spring, or in embediments where the blasing
member is g fluid, the pressure of the fuid. Higher resistance to the applied force for
pins in a first sel in, for exampie, the midfoot region of the foot, relative 1o the
resistance o the applied force for pins in a second set in a region othar than the
midfoot, can achieve adjustment of the foot to a restored bone state. Accordingly, the
apparatus according o embodiments described herein comprise one or more biasing
members configured 1o exert a force on one or more pins, or one OF More sets of pins,
in the plurality of pins. In one embodiment, the blasing member(s) exerts a force by
resisling pressure applied to the pins and in another embodiment the biasing
member{s) exert a force by urging one of more pins or pin sets from first o second
positions

0907 FIG. 114 provides 2 more detalled perspective view of the embodiment
described in FIGE. 34-3B, where the same structural features are identified by the

previously assigned numerical identifier. Frame 80 supports a plurality of pins 82,
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each pin independently movable between a first position and one or more subssquent
positions. A biasing member 84 is disposed within the frame, in contact with a
movable platform BG. Movement of platform 88 is controlied by a driver B8, Biasing
member 84 has a preselecied contoured surface, shown here as a pyramid-like
contour with an off-center flat apex. When urged upward, the confoured surface
contacts a lower surface 180 of a set of pins that are correspondingly engaged by the
flat apex of the biasing member. Continued upward movement of the biasing member
engages additional pins, and/or sets of pins, in accord with the preselected contour of
the biasing member. |

{0911 The material of which the biasing member is manufactured is varied,
and wilt depend on the embedimant. For biasing members as depicted in Figs. 3A-38,
materials such as, bui not limited o, rubbers, elastomers, plastics, and feams are
contemplated. in one embodiment, the biasing member is made from & composite of
wo or more materials, such as a first and second maierials with different densilies,
durometers, porosities, densities, and the like. In one embodiment, the biasing
member is comprised of a composite foam comprised of a first malerial with a first
durometer or a first densiy and a second material with 2 second durometer or a
second density. Composites of viscoelastic foams are exemplary.

[082] FIG. 118 is a perspective view of ancther embodiment of an apparatus
1894, A pin bed array 82 is comprised of a plurality of indspendently movable pins.
Each pin in the array is individually and independently responsive {o one or more
biasing members, which in this embodiment s a fluld, preferably pressurized fluid,
preferably a gas, such as air or nitrogen. in exemplary apparatus 194, the pressurized
fluid is supplied by a manifold 195, partially shown in phantom. The manifold
comprises sufficient valves, tubing and conneclions to parmit conirol of each pin
individually andf/or of pins in defined sets of pins. In one embodiment, each pin is
individually controliable by & biasing member, and the pins can be grouped into safs
for simultaneous movement of pins within a set. In one embodiment, and by way of
exampie, a first set comprised of four pins, such as pin set 196, 15 urged from an initial
resting position {as shown in Fig. 118} o an engagement position {not shown in Fig.
1183, foilowed by a second set of eight pins urged from a resting posifion to an
engagement position (not shown in Fig. 11B). In a preferred embodiment, the first set
of pins is yrged into its engagement position by infroducing a gas into a housing or
cylinder for each pin in the setl, the cylinder in fiuid communication with the manifold

and the pin movable in & longitudinal direction fixed within a correspending cylinder.
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The number of pins in each set can be different or can be the same, as discussed
above, Each pin or each set of pins can be urged into its engagement position at a
selected force applied by its corresponding biasing member. For sxample, the firet set
of pins can be urged by a first pressure P1 that is higher than a second pressure P2
that urges a second set of pins inio thelr engagement positions.

093] With respect to all embodiments herein, the dimensions and density of
the pins in the array of pins will vary. In one embodiment, each pin has an outer
diameter of between about 0.0624 inches and about 0.250 inches, more preferably
between about 0.08 inches and about 0.2 inches. The pin density, In one
embodiment, is between about 8 pins/in® and about 12 pins/in®, more preferably
between about § pins/in® and about 12 pins/in®, and still more preferably between §-11
pinsfin®. The force produced by the pins when urged by the biasing member is
typically on the order of about §.02-5.0 1bf per pin, more preferably of between about
0.02-2.0 Ibf per pin,

[094] With reference again to Fig. 11A, in one embodimeant, the apparatus
further comprises a sensor 192 fo determine a position of one or more pins in the
array of pins. In one embodiment, a single sensor that determines the position of
sach pin in its final position is provided. in another embodiment, two Or more sensors
are provided. A variety of sensors are suitable for capturing positional information of
aach pin, such as lasers {including g one-dimensional laser, a two-dimensional laser,
and a three-dimensional laser), an optical distance scanner, and the like.
Photograrnmetry sensing is also contemplated as a sensing means. A skilled artisan
will appreciate that reflective surdaces, such as mirrors and metal-plated surfaces, can
be positioned appropriately for reflection of laser beams. In one embodiment, each
pin in the array of pins is associated with 2 magnet, and a Hall-effect sensor is
associated with each pin. The array of Hall-effect sensors scans the array of pins o
determine the position of each magnet! associated with each pin. An exemplary
arrangement of magnets associated with pins and an array of Hall-effect sensors is
described in U.S. Patent No. 5,840,779, which is incorporated by reference herein.
frrespective of the type of sensor selected, i will be appreciated that the sensor(s)
is(are} operably connected o appropriate electronics to relay digital information about
pin position, pin distance traveled, pin pressure or force, etc., for construction of &
digital map of the pin bed array with £ach pin in its final position. This digital map, of
course, represents a dimensionally correct image of map of a desired contour for a

foot orthotic.
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il Methods of Use

{095] in another aspect, & method for determining a profile or contour for
fabrication of a foot orthotic is provided. The method comprises engaging al least &
center engagement structure against a2 mid-fool region or a localized mid-foot region
of a plantar surface of a patient’s fool to adiust one or more mid-foot bones into a
reatored state. One or more peripheral engagement struciures is subseguently
engaged against at least one annular region surrounding the mid-foot region to adjust
the foot to a restored bone state or to adjust additional bones or tissue of the foot
while maintaining the engagement of the center structure. Then, posifional
information of the engagement structures is oblained, and a surface map or orthotic
profile based on the positional information is constructed.
[098] This method of using the apparatus described above to capture a profile
{digital or physical) that informs a therapeutic, restorative contour for an individual foot
will now be described with respect to Figs. 12-13, With initial reference o Figs. 12A-
120, where fike structural elements from previcus drawing figures retain previousty
assigned numerical identifiers, merely for the reader's convenience, a subject places a
foct on an upper surface of a pin array 82, Although not shown in Fig. 12A, an optional
flexible, expandabie material can be used fo cover the upper surface of the pin array. in
2 preferred embodiment, the sublect is seated and the left or right foot Is positioned on
the pin array such that the caicaneus is at one end of a longitudinal center fine of the pin
array and the space between the 2™ and 3" toes is at the other end of the center line.
The subject is instructed to lean back in the chalr to obtain an angle at the knee of
betwean 80-110° and & straight line from the hip to the knee to the fool. If desired, a
weight can be placed on the leg associated with the foot positioned on the pin array 1o fix
the foot on the array. The system is then activated to initiate movement of pins in the
plurality of pins. In one embodiment, a set of befween 2-10 pins, preferably 2-6 pins, is
urged by & biasing member in the form of a fluid pressurized to a first pressure P1, the
set of pins urged from a resting position (Fig. 124) into an engagement position {Fig,
12B) where the pins in the sst exert a force on the subject’s foot. Preferably, the first set
of pins contacts the plantar surface of the foot in the mid-foot region, or the localized mia-
foot ragion, and with a force sufficient fo displace, adjust or move a bone In this region v
achieve a restored bone state. In one embodiment, the first set of pins contacts the
plantar surface to adjust one or more foot structures, but does not achieve a restored

bone state. A second set of pins is urged from initial resting positions {o engagement
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positions independently from the first set of pins, whers independenily from intends the
second set of pins are urged into their engagement positions af the same time as pins in
the first set but at a different pressure or force than the first set of pins, or independently
intends the ping in the second set of pins are moved into thelr engagement positions
subseguent to movement of the first set of pins, at the same or different pressure as the
first set of pins, and preferably at a second lower pressure. The first set of pins can
ramain in contact with the foot at the first pressure P11 or, alternatively, the pressure
applied to the first set of pins can be adiusted fo PZ. In one embodiment P2 is less than
P1. In one embodiment, the first sel of pins and second set of pins when engaged with
the foot plantar surface adjust a foot sruchure to achieve g restored bone siate.

[0a7] An aptional third set of pins ca be wged at a third time or at a third
praessure P3 from their rasting positions lo engagement positions. The first and second
sets of pins can remain at P1 and P2, respectively, or can remain at P2, or can be
adiusted {o P3 so that the pressure for all raised pins is equifibrated. In a preferred
embodiment, P3 is less than P2 which is less than P1. Optionally, fourth and
subseguent sets of pins can be moved from resting fo engagerment positions at fourth
and subseqguent imes or presswes applied by biasing members {e.g., pressurized fluid,
e.g, pressurized gas), as can be appreciated.

[0es] The pattern in which the pin sets are raised and/or the pressure applied to
each pin set will and can vary according to the subject’s characteristics (weight, height,
body mass index), foot anatomy and/or any particular orthopedic need of the subject. in
one embodiment, an apparatus with at least six pin sets, preferably at least eight pin
sefs, and more preferably at least 10 pin sets Is provided, wherein each set of pins is
urged info contact with a plantar surface at a pressure different from another pin set. In
another embodiment, the pressure or force applied to a first pin set is different from the
pressure or force applied o a subseguent pin set to initlate movement of pins in the set
io an engagement pasition, and thereafier the force or pressure across the pin sels &8
equalized. After movement of afl pin sefs in the array or after adjustment fo the bones in
the foot is complete, the position of each pin is ascertainad by 2 means described herein,
to obtain a digital profile for an orthotic that achieves a restored bone state for the
subject.

{089] Turping now o Figs. 13A-13C, the biasing member embodiment of Figs.
3A-3B is used for further lustration of the methodology, but it will be appreciated that the
method applies to any of the embodiments described herein or discemable to a skilled

arfisan based on the description herein. Like structural elements retain previously
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assigned numerical identifiers, merely for the reader's convenience.

[100} Use of the apparatus of this embodiment is initiated by placing a foot on
the upper, exposed surface of pin bed 82, The patient can be standing or seated
whern the foot is placed on the bed. The pins are in an initial, resting position, as
dapicted in Fig. 13A. Movement of the biasing member {or mambers) is initiated by
“the driver or controfier, such as driver 88. As the blasing member moves, the apex
region of the biasing member contact a first set of pins in the pin bed, displacing the
pins from their inilial resting position {0 a second position, The first set of pins
engages tha mid-foot region of the fool. Continued movement of the biasing mamber,
as shown in Fig. 138, resulis in contact of the biasing member's upper surface with
additional pins and sets of pins, which engage the foot plantar surface. As can be
appreciated, continued movernent of the biasing member o engage second and
subsequent sets of pins causes continued pressure on the first set of pins, causing the
first set of pins 1o probe deeply into ihe soft tissue in the mid-foot region, and adjust
ong or more bones in this region. Preferably, the first set of pins eﬂgages the mid-foot
with sufficient force to adjust one or more bones therein prior to sufficient engagement
of a second set of pins 10 adiust foot structures not within the mid-foot. That s,
clinically, it is desirable to cause adjustment of the bones in the mid-foot prior {o
substantial contact of a second set of ping with the foot. in this way, the clinically
therapeutic adjiustment to the mid-foot is achieved, and the foot plantar surface
responds io this adjusiment, which is captured when the second or subsequent sets of
pins contact the fool surface.

F184] Once the pins are in a final position, they can be lockead or secured in
place by a suitable mechanism in the apparatus {nof shown in FIGE. 13A-13C) The
patient can remove histher foot from the pin bed, if desired. Then, the position of each
pin is determined using a sensor, and Fig. 13C a non-contact type of sensor is
ilustrated, and rmore specifically an opticat sensor assembly sensor 188 is used. The
sensor fravels in the “y" direction, {0 scan each pin in the array to determine positional
information. The information is fransferred digitally to a computar, connecied io the
apparatus via suitable ports (Fig. 1). The position of each pin in the plurality defines a
surface map that is a dimensionally correct image or map of a confour for a
therapeutic foct orthotic for that foot,

(102 it will be appreciated that use of the apparatus as depicted in Figs. 13A-
13C is exemplary, and that modifications o the apparatus and the sequence of events

in use are contemplated. For example, in the embadiment of the apparatus wherein
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pins in @ pin bad array are in a first position for engagement with a foot plantar
surtace, and a users places his/her fool on the pin bed array, one or more biasing
members are provided to exert a force on one or more pins in the array to resist the
force applied by the user, This embodiment as well as the embodiment discussad
above wherein a biasing member moves to urge pins from first 1o second positions
both comprise the feature that at least one biasing member is configured to exert a
force on ong or more pins it the array. In embodiments where the at least one biasing
member comprises twe or more biasing mambers, the force sxerted by the biasing
members can be the same or different, and are preferably different so that the force
applied to salected regions of the fool differ,

[103] YWhile a number of exemplary aspects and embodimeants have been
discussed above, those of skill in the art will recognize certain modifications,
parmutations, additions and sub-combinations theraof, If is therefore intended that the
following appended claims and claims hereafier infroduced are interpreted fo include
alf such modifications, permutations, additions and sub-combinations as are within

thetr true spirit and scope,
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1T 18 CLAIMED:

. An apparatus, comprising:

a plurality of pins, each pin independently movable along & longitudinal
axis, and

one of movre biasing members configured to exert a force on one or
more ping in said plurality of pins, such that a first set of pins in sald plurality of
pins is moved from a first position {o 2 second position independent of a

second sei of pins in sald plurality of pins.

The apparatus of claim 1, wherein pins in the first set of pins are moved prior o

rmovemnent of ping in the second set of pins.

3. The apparaius of claim 1, wherein pins in the first set of pins are moved by a

first force applied by a biasing member in the one or more biasing members to
the pins in the first set of pins, the first force different from a second force
applied by & biasing mamber in the one or more blasing members {o pins in the

sacond sei of pins,

The apparatus of any one of claims 1-3, wherein the one or more blasing

members comprise at ieast iwo biasing members.

The apparatus of ¢laim 4, wherein a first biasing member s dedicated {o
achieve movement of the first set of ping and a second biasing member is

dedicated to achieve movement of the second set of ping,

The apparatus of claim 1, wherein said one or more blasing members comprise

a plurality of biasihg members.

The apparatus of claim 8, wherein each biasing member is dedicated for

achieving movement of a single pin in the pluralily of pins.

The apparatus of any preceding claim, wherein the one or more blasing

mermnbers are comprised of a pressurized fluid.
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w0

The apparatus of claim &, wherein a first biasing member exerls a first pressurs
on ping in the first set of pins {0 move the pins in the first set of pins along their
longitudinal axes, and a second biasing member exeris a second pressure on

ping in the second set of pins {0 move the pins in the first set of pins along their

longitudinal axes, where the first pressure is different that the second pressurs.

10. The apparatus of claim 9, wherein the first pressure is higher than the second

T2

14

15,

6.

pressure.

I The apparatus of any preceding claim, wherein said one or more blasing

mambers is configured for contact with a third set of pins in said plurality of
pins such that pins in the third set move along their longitudinal axis
independent from movement of ping in said first set of pins or said second set

of pins.

The apparatus of cigim 11, whergin the third set of pins are subseguent {o
movement of ping in the first set of pins or wherein the third set of ping are
moved by a pressure applied to the third sef of pins that is different from a

pressure applied to the first set of pins.

. The apparatus of claim 1, wherein said first set of pins is within g cenler region

of the plurality of pins and said second set of pins surround the periphery of the

center region.

. The apparatus of claim 1, wherein the plurality of pins collectively define an

upper surface and a lower surface, and wherein said one or more biasing
marnbers is a single blasing member movably secured within the support

frame,

The apparatus of any preceding claim, further comprising a sensor io

determine a position of one or more ping within the plurality of pins.

A method for oblaining a restored bone state in a fool, comprising:

placing a plantar surface of a fool on an apparatus according to any cne
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17.

18

i
e

20.

22.

of claims 1-15, the plantar surface placed on an upper surface defined by the
plurality of pins, wherein said plurality of pins are in an initial position;

causing movement of ping in the plurality of pins via the one or more
biasing mambers, such that af least a first set of pins adjusts one or more
bones in the foot to a restorad bone state and a second sel of pins additionally
engayges the fool plantar surface; and

determining a position of each pin in at leas! the first pin set and the

second pin set {0 obtain 2 profile of the fool in its restored bone state.

The method of claim 16, wherein causing comprises causing the first set of
pins and the second setf of pins 1o engage the fool plantar surface 1o adjust one

or more bones to g restored bone siate.

The method of claim 18, wherein causing comprises causing the first set of
ping to engage the foot plantar surface to adjust one or more bones to &
restored bone state prior to engaging the second set of pins with the fool

plantar surface.

. The method of claim 18, wherein determining comprises determining by means

of 2 sensor a position of each pin.

The method of claim 17, wherein the method further comprises transferring

positional information of each pin 1o a computer,

. The method of claim 18, wherein said determining comprises defermining a

posifion: of each pin in at least the first pin set and the second pin set to obtain
a profile for construction of a foot orthotic or a serles of foot orthotics to be

worn sequentially,

The method of any one of claims 16-21, wherein said causing further
comprises causing the first set of pins to adjust one or more bones in the mid-
foot region of the foot, and causing a third set of pins in the plurality of pins fo
move via the one or more biasing members, such thal pins in the third set of

pins engage the foot plantar surface al a region other than the mid-foot region.
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23,

24,

25.

26,

27.

28.

A method, comprising:

placing a plantar surface of a foot an apparatus comprising (i) a plurality
of ping, wherein each pin in the plurality of pins is independantly movable along
a longitudinal axis, and (i) one or more biasing members configured for contact
with one or maore ping in said plurality of pins, such that a first set of pins in said
plurality of pins is moved along the longitudinal axis of each pin in the first set
indapendent of a second set of pins in said pluradity of pins;

causing movement of the one or more biasing members such that at
izast some of the pins in the plurality adiust one or more bones in the foot o an
adjusted position; and

determining a position of each pin in at least the first pin set and the

second pin set.

The method of claim 23, wherein causing comprises causing movement such
that the first set of pins adiusts one or more mid-foot bones o an adjusted

position.

The meihod of cleim 23, wherein the one or more biasing members is a fluid,
and causing comprises causing movement of the one or more biasing

members by pressurizing the fluid.

The apparatus of ctaim 25, wherein causing comprises causing movement of a
first biasing member at a first pressure, {0 achleve movemeant of the first pin
set, and movement of a second biasing member at & second pressure, o

achigve movement of the second pin sel,

The method of claim 23, wherein determining comprises determining the
position of an end of each pin in at least the first pin set and the second pin set
that engages the fool plantar surface to obtain a positional point of each pin,

said positional points collectively defining a surface map.

A method, comprising:
engaging a cenier engagement structure against 2 localized mid-foot
region of a plantar surface of & subject’s foot to adjust one or more mid-foot

hones into a restored bone siate;
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determining a surface map of the planiar surface of the foot with the

mid-footl bone in Ets_ rastored bone siate.

28. The method of claim 28, wherein determining comprises determining a surface
map of the plantar surface using a sensor which does not physically contact

the foot,
30. The method of claim 28, wharein the sensoris a laser.

31. The method of claim 28, further comprising engaging one or more peripheral
engagement struciures against a region other than the mid-foot region 1o

contact the plantar surface while mainfaining the engagement of the center

structure,

32. The method of claim 31, further comprising obtaining positional information of
the one or more peripheral engagement structures, and from the positional

information determining the surface map.

(o8}



