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(57) ABSTRACT 
A foot orthotic device is disclosed. More specifically 
described is an individualized foot orthotic device to correct 
and/or restore the ideal alignment and/or positioning of foot 
structures. The device is designed using a method and 
system that applies sequential pressure to regions on a 
plantar foot surface, and obtaining positional information 
about each region. Based on the positional information, an 
orthotic profile is determined, for design of one or more 
custom, individualized foot orthotic devices for a subject. 
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METHODS FOR DESIGNING A FOOT 
ORTHOTC 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 14/327,511, filed Jul. 9, 2014, pending, which 
is a continuation of U.S. application Ser. No. 13/324,765, 
filed Dec. 31, 2011, now abandoned, which is a continuation 
of U.S. application Ser. No. 12/355,572, filed Jan. 16, 2009, 
now U.S. Pat. No. 8,109,014, which claims priority to U.S. 
provisional application No. 61/038,020, filed Mar. 19, 2008, 
and to U.S. provisional application No. 61/011,640, filed 
Jan. 17, 2008. Each of these applications and patents is 
incorporated by reference herein in its entirety. 

TECHNICAL FIELD 

0002 The subject matter described herein relates foot 
orthotics designed and prepared according to methods and 
systems described herein. More particularly, the subject 
matter relates to an individualized foot orthotic device to 
correct and/or restore the ideal alignment and/or positioning 
of foot structures. 

BACKGROUND 

0003 Foot orthotics are typically designed based on an 
image of the plantar Surface of a patients foot. Standard foot 
orthotics attempt to treat foot or arch pain by providing 
cushioning, stability or Support, sometimes attempting to 
adjust or stabilize movement about the subtalar joint. Prior 
to about 1950, there was little to no standardization in the 
methods used to treat mechanically-induced foot pain. A 
standardized approach to the design of foot orthoses was 
introduced in 1954, when Merton L. Root, DPM, revolu 
tionized the field with the theory of the Subtalar Neutral 
Position (STNP) (Lee, 2001, “An Historical Appraisal and 
Discussion of Root Model as a Clinical System of Approach 
in the Present Context of Theoretical Uncertainty. Clinics 
in Podiatric Medicine and Surgery, 18(4)). 
0004. The subtalar joint is the joint between the talus and 
calcaneus bones. Subtalar neutral is where the subtalar joint 
is neither pronated nor Supinated and its importance was 
based on observations of what Root subjectively deemed to 
be “normal' feet. According to Roots theory, correction of 
a foot to a “normal position involves placing of only the 
subtalar joint into a “neutral' position, the so-called subtalar 
neutral position or STNP. Roots theory involved only 
correction of the Subtalar joint and did not involve manipu 
lation or correction to other bones or joints in the foot. 
Further corrections, postings and wedges were then added to 
an orthotic after the subtalar joint was placed in neutral 
position to compensate for any perceived abnormalities. In 
the present application, the Subtalar joint is not a controlling 
element; rather it is an adaptive joint governed by the 
position of the joints distal to it. The subtalar joint functions 
in synergy with other foot structures to allow the foot to 
adapt to an infinitely variable topography, within physi 
ologic tolerances. 
0005. There are two basic types of custom orthoses made 
today; accommodative and functional. 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 
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required for efficient gait that ordinarily would be transmit 
ted up the kinetic chain. In addition to force dissipation, 
accommodative orthosis made of EVA and similar soft 
materials are unable to control foot mechanics. A functional 
orthosis is one that controls joint movements and/or foot 
position. Because they are rigid, clinicians utilize these 
orthoses to hold the foot in a position they deem therapeutic. 
This is problematic because the foot must be allowed to 
continually adapt to the ground in order to operate effi 
ciently. For the manufacture of both types of orthoses, the 
plantar Surface of the patients foot is captured and its mirror 
image is produced on the Surface of the orthotic device that 
contacts the patients foot. Materials used to make orthotic 
devices designed in accord with Roots theory are typically 
both strong and rigid, to Support the patients weight in a 
durable manner, as the foot cannot bear the weight itself. 
Such orthotics abnormally maintain the foots arch through 
out gait, with the orthosis Supporting the body's weight and 
compressing the Soft tissue between the bones and the 
orthosis. An ideal configuration for an orthotic device that is 
beyond the capability of current functional or accommoda 
tive orthoses, would adjust the bones of the foot to create an 
internal load-bearing structure that is self supporting, bears 
weight on the calcaneus and metatarsal heads, and enables 
the foot to adapt to uneven topography. 
0006. In practice today, most functional orthotic devices 
are designed to establish STNP and maintain it from heel 
strike to the beginning of toe-off. Capturing and maintaining 
STNP is too simplistic an objective to apply to the compli 
cated kinematics of the foot with its 33 joints, 28 bones, 
Supporting ligaments, tendons, and other structures. Under 
Root's SNTP theory, and other models of foot function such 
as Rotational Equilibrium Theory, Sagittal Plane Theory, 
and the Tissue Stress Model, little, if any, consideration is 
given to correcting the underlying pathologic changes to 
foot structure and function. While functional and accommo 
dative orthotics may temporarily decrease foot pain due to 
restricting pathologic 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 and/or back as they compensate for this 
abnormal motion. There remains a need for improved meth 
ods and systems for designing foot orthotics, and for 
improved foot orthotics to correct and/or restore the ideal 
alignment and/or positioning of foot structures. 

SUMMARY 

0007. In a first aspect, a foot orthotic device is provided. 
The foot orthotic comprises a Substrate having an upper 
surface for contact with a plantar surface of a foot, the 
substrate having a proximal end that underlies the heel of the 
foot and a distal end that underlies at least a midfoot region 
of the sole of the foot. The orthotic also comprises a region 
or configuration that is convex in the Sagittal plane and 
concave in the frontal plane, wherein the region or configu 
ration Supports at least the cuboid bone. 
0008. In one embodiment, the proximal end of the sub 
strate underlies the midfoot region and a part of a forefoot 
region. 
0009. In one embodiment, the orthotic device further 
comprises a saddle region defined by a convergence of the 
concave region in the frontal plane and the convex region in 
the Sagittal plane on the Substrate. 
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0010. In another embodiment, the convergence of the 
apex of the convex region in the Sagittal plane and the nadir 
of the concave region in the frontal plane is at the apex of 
the saddle. 
0011. In yet another embodiment, the saddle of the 
orthotic device is shaped to Support congruency of the 
calcaneocuboid joint. 
0012. In still another embodiment of the device, a convex 
region is shaped to Support the LCNC complex. In a 
preferred embodiment, the convex region Supporting the 
LCNC complex is a triplanar region. 
0013. In another embodiment, the area of the surface of 
the orthotic foot device termed the LCNC Dynamic Post is 
shaped to receive and Support the triplanar convex region of 
the foot defined by points at the fifth metatarsal head, the 
first metatarsal head, and the calcaneus when it is in a correct 
position or transition state. 
0014. The device, in another embodiment, further com 
prises a raised arch portion on a medial side of the Substrate. 
0015. In yet another embodiment, the device further 
comprises a concave portion at the proximal end of the 
Substrate, the concave portion shaped for receiving the heel. 
0016. The device further comprises, in another embodi 
ment, a raised area in a medial to lateral direction disposed 
between the heel of the foot and the transverse arch of the 
foot. 
0017. The substrate of the device that underlies the 
midfoot region of the sole of the foot and all or a portion of 
the forefoot region of the sole of the foot, in one embodi 
ment. 

0.018. The substrate of the device, in one embodiment, 
extends from the heel of the foot to approximately the 
proximal edge of the metatarsal head area of the foot. 
0019. In another embodiment, the device is removably 
insertable into footwear or an orthopedic device. In another 
embodiment, the device is affixed in the sole of footwear. 
0020. In other embodiments, the device is a unitary 
structure or a laminate structure. 
0021. The substrate of the device, in certain embodi 
ments, is comprised of a rigid and resiliently flexible, 
Substantially non-compressible material. Exemplary mate 
rials include graphite, aramid, glass, thermoplastics, such as 
acrylics and polycarbonates. In one embodiment, the mate 
rial forming the Substrate is woven. 
0022. In yet another embodiment, the device is one 
device in a plurality of devices that together provide a serial 
orthoses treatment plan. 
0023. In other aspects, methods for design of the orthotic 
device are provided. In a first exemplary method a digital 
anatomy of a patients foot is obtained and analyzed, and a 
relationship between two or more bones in the foot evalu 
ated, resulting in the identification of one or more tarsal 
bones for repositioning by the orthotic device, are provided. 
0024. In another exemplary method, pressure is sequen 

tially applied to a series of localized regions on a plantar 
surface of a patients foot, wherein the pressure is sufficient 
to displace bones of the foot to a restored bone state. 
Positional information for each of the localized regions 
when the bones are in the restored bone state is obtained, and 
an orthotic profile based on the positional information is 
determined. In one embodiment, pressure across Successive 
lateral bands of the plantar Surface is applied. In another 
embodiment, pressure is sequentially applied across from 10 
to 40 bands with each band having a width in the range from 
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0.5 cm to 2 cm. In another embodiment, applying pressure 
across a lateral band comprises simultaneously engaging at 
least one lateral row of individual pins against the plantar 
Surface. 

0025. In another aspect, systems for design of the orthotic 
device are provided. Such systems can comprise a platform 
including a plurality of independently moveable gauging 
elements in contact with a foot placed on the platform; a 
display capable of displaying a digital anatomy of the foot; 
and a computer program for analysis of the digital anatomy 
and evaluation of the relationship between two or more 
bones in the foot, and for determining an adjustment to one 
or more gauging elements in the platform. More generally, 
the system for design of an orthotic device can comprise a 
bed for contacting a foot; a display capable of displaying 
digital anatomy of the foot; and a computer program, for 
analysis of the digital anatomy and evaluation of the rela 
tionship between two or more bones in the foot, and for 
determining an adjustment to one or more bones in the foot. 
0026. In another aspect, the system comprises a surface 
for receiving a plantar Surface of the foot; and a pin matrix 
comprising a plurality of individual pins which can be 
independently raised from the Surface to engage the plantar 
Surfaces and compress tissue against bones of the foot. 
0027. In one embodiment, the system comprises a plu 
rality of drivers for the pins, wherein the drivers are coupled 
to the individual pins to raise each individual pin at a known 
or controlled pressure. In some embodiments, the drivers 
each comprise a piston driven by a pressure source. In 
certain embodiments, a common pressure source is con 
nected to each of the pistons. In other embodiments, a 
plurality of pressure sources with at least one pressure 
Source are connected to each piston. 
0028. In one embodiment, the system further comprises a 
carriage which holds the pin rows, wherein the carriage is 
mounted to be translated across the Surface to sequentially 
engage the pins against Successive lateral bands. 
0029. In another embodiment, the system further com 
prises a plurality of sensors for determining a penetration 
depth of each pin as said pin is raised upward from the 
surface. In still another embodiment, the system further 
comprises a controller connected to the drivers, carriage, and 
sensors. In various embodiments, the controller is pro 
grammed to sequentially position the carriage, raise the pins 
against the tissue at one or more pressures at each sequential 
carriage position, and collect the depth of pin penetration 
into the tissue at each pressure and each position. In another 
embodiment, the system further comprises sensors for deter 
mining a penetration pressure of each pin as said pin is 
raised upward from the Surface, wherein the pressure sensors 
are connected to the controller. 

0030. Also provided in yet another aspect is a treatment 
plan that comprises wearing an orthotic device described 
herein, may comprise progressively wearing each of more 
than one orthotic devices for a prescribed period of time to, 
for example, progressively correct the positions of malpo 
sitioned tarsal bones. 

0031. Also provided is a custom orthotic device designed 
according to the disclosed methods or using the disclosed 
systems. The presently disclosed custom orthotic device can 
be used in a treatment plan as described herein. 
0032. These and other features of the present teachings 
are set forth herein. 
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BRIEF DESCRIPTION OF THE FIGURES 

0033. The skilled artisan will understand that the draw 
ings, described below, are for illustration purposes only. The 
drawings are not intended to limit the scope of the present 
teachings in any way. 
0034 FIG. 1 is an illustration taken from the prior art 
showing a stress-strain curve of collagen fiber; 
0035 FIG. 2 provides an illustration of an offset trian 
gular grid; 
0036 FIG. 3A shows a surface or foot platform, and an 
exploded view of a portion of the platform, that is a 
component of a system for use in analysis of a patient's foot 
and design of an orthotic device; 
0037 FIG. 3B shows a computer having a graphical 
display of a patients foot structure, the computer and its 
Software components of a system for use in analysis of a 
patient’s foot and design of an orthotic device; 
0038 FIG. 3C illustrates an embodiment of a pin matrix 
for use in the system; 
0039 FIG. 3D illustrates a pin in an array of moveable 
pins, and a locking mechanism to secure the pin in one 
embodiment; 
0040 FIG. 3E depicts a heel rest assembly to assist in 
positioning a foot on a pin bed to obtain a digital anatomy; 
0041 FIGS. 4A-4B provide graphic representations of 
two views of a digital anatomy of a foot; 
0042 FIGS. 5A-5B provide a graphic representations of 
two views of digital anatomy of an abnormal foot; 
0043 FIGS. 6A-6F are graphic illustrations of a digital 
anatomy of an abnormal foot, and the computer-assisted 
technique for analyzing the image to design a foot orthotic; 
0044 FIG. 7 is a computer-generated image of an x-ray 
of a foot, with the bones of the lateral cuneiform-navicular 
cuboid (LCNC) complex labeled; 
0045 FIGS. 8A-8B are graphic representations of two 
views of digital anatomy of an abnormal foot; 
0046 FIGS. 9A-9B are graphic representations in two 
views of digital anatomy of an abnormal foot; 
0047 FIG. 10 is an illustration of a Left-Hand Tensegrity 
Weave; 
0048 FIG. 11 is an illustration of components of an 
orthotic manufacturing system; 
0049 FIG. 12 illustrates a LCNC Dynamic Post: 
0050 FIG. 13A illustrates an exemplary orthotic device: 
0051 FIG. 13B shows a skeleton of a foot placed on an 
exemplary orthosis; 
0052 FIG. 13C shows a side view of an exemplary 
orthosis with a high lateral trim line; 
0053 FIGS. 14A-14F show various views of a foot 
orthotic, designed in accord with the methods described 
herein, to restore the position of one or more foot structures 
in the midfoot region of a right foot; and 
0054 FIG. 15 is a block diagram showing some of the 
components typically incorporated in at least some of the 
computer systems and other devices performing the 
described methods. 

DETAILED DESCRIPTION 

I. Definitions 

0055 As used throughout the present disclosure, the 
technical and Scientific terms used in the descriptions herein 
will have the meanings commonly understood by one of 
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ordinary skill in the art, unless specifically defined other 
wise. Accordingly, the following terms are intended to have 
the following meanings: 
0056. 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 to a patient’s “foot' can 
include both feet, reference to an “orthotic device' includes 
a single device as well as two or more of the same or 
different devices, and reference to a “tarsal bone' refers to 
a single tarsal bone as well as two or more tarsal bones. The 
use of 'or' should be understood to mean “and/or unless 
stated otherwise. Similarly, “comprise.” “comprises,” “com 
prising “include,” “includes,” “including,” “has,” “have 
and “having” are interchangeable and not intended to be 
limiting. It is also to be understood that where descriptions 
of various embodiments use the term "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 

0057. As used herein, “orthosis' or “orthotic device' 
refers to a device or appliance to be worn by a Subject, in 
particular a human Subject, typically to achieve restoration 
of optimal joint congruency and physiologic function to a 
Subjects foot. In some instances, the orthotic device can be 
worn inside footwear. In some instances, the orthotic device 
can be worn as footwear or other orthopedic device. 
0058 “Congruency” of the joint surfaces of the foot 
bones refers to the reciprocity of the joint articular surface 
shapes, sometimes assessed by observing and/or measuring 
the joint space Volume. An incongruent joint can be caused 
by interposed soft tissue or gross instability. The phrase 
“relationship between bones in the foot' refers to the relative 
positions of bones within a foot and/or their congruency. 
0059. The human “kinetic chain consists of the muscu 
loskeletal and neuromuscular systems that interact to pro 
duce maximally efficient motion under given conditions. 
The difference between an open and closed kinetic chain is 
that in an open chain, the body can produce force greater 
than the inertia of the resistance. In a closed kinetic chain the 
body cannot produce force greater than the inertia of the 
resistance, e.g. a leg, loose in space vs. fixed against a hard, 
immovable Surface Such as the ground. 
0060. As used herein, “digital anatomy” refers to digi 
tized information about the static measurement of the ana 
tomical positions of and relationships between bones, 
muscles, tendons, ligaments, fascia, nerves, skin and/or 
other structures within a foot, and can further encompass 
associated kinetic information about a digital physiology 
and/or digital pathophysiology, which can be obtained from 
a foot in a dynamic state, or predicted by a computer system 
starting from a static measurement of the digital anatomy. A 
digital anatomy is obtained, for example, using a footbed pin 
sensor array in communication with a computer and appro 
priate Software, or imaging techniques, including but not 
limited to magnetic resonance imaging, laser Scanning, 
ultrasound, X-ray, etc. The digital anatomy described herein 
can be stored in computer-readable form, in a preferred 
embodiment. The digital anatomy is generally capable of 
being represented visually and/or graphically on a computer 
screen or video monitor. The digital anatomy can then be 
analyzed by the computer to determine the foot's physiol 
ogy, that is, its ability to efficiently perform weight bearing 
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and locomotion. This physiology can be illustrated by ani 
mating the body parts in 3D space, or recording a series of 
static images in a flipbook Video in any one of several 
popular formats, (for example, but not limited to mpg, avior 
quicktime video). This illustration can be customized for 
individual patients, and the digital physiology can be stored 
and transferred remotely for viewing, education, treatment 
and/or manufacturing purposes. Once a foots current con 
dition is determined, i.e., once the static measurement of the 
anatomical positions of and relationships between one or 
more foot structures is determined, an evaluation of the risks 
for new pathophysiology of the foot and also up through the 
kinetic chain to the back and neck is performed by the 
computer. The computer will identify foot pathophysiolo 
gies that may lead to pathologic conditions including, but 
not limited to, heel spurs, acquired flat foot, hip pain and 
idiopathic back pain. This pathophysiology is illustrated by 
animating the body parts in 3D space, or recording a 
flipbook video in a popular format, and Such digital patho 
physiology can be stored and transferred remotely for view 
ing, education, treatment and/or manufacturing purposes. 
0061 “Tarsal bones' refers to the seven foot bones 
including the calcaneus, talus, cuboid, navicular, medial 
cuneiform, middle (intermediate) cuneiform and lateral 
cuneiform bones. “Plantar” refers to the sole of the foot, and 
the phrase “plantar aspect of the calcaneus' refers to the 
plantar- or Sole-facing Surface of the calcaneuS bone, com 
monly known as the heel bone. 
0062 “Forefoot refers to the five metatarsal bones and 
the phalanges (the toes). As a point of reference, the first 
metatarsal bone typically bears the most weight in the 
forefoot and plays a role in propulsion. 
0063 “Midfoot refers to five of the seven tarsal bones 
(the navicular, cuboid, and the three cuneiforms). The distal 
row of the midfoot contains the three cuneiforms and the 
cuboid. The proximal row of the midfoot consists of the 
cuboid and the navicular. The three cuneiforms articulate 
proximally with the navicular bone. 
0.064 “Rearfoot” refers to the talus and the calcaneus. 
The calcaneus is the largest tarsal bone, and forms the heel. 
The talus rests on top of the calcaneus and forms the subtalar 
joint, which is the joint below or distal to the ankle joint. 
0065. There are four arches of the foot. The “medial 
longitudinal arch includes the calcaneus, talus, navicular, 
the lateral, middle and medial cuneiforms, and the first three 
metatarsals. In an ideal foot, the medial longitudinal arch is 
the highest of the three arches. The “lateral longitudinal 
arch' includes the calcaneus, cuboid, and the fourth and fifth 
metatarsals. The lateral longitudinal arch is typically lower 
and flatter than the medial arch. The two transverse arches 
are the “transverse tarsal arch' (comprising the cuneiforms, 
the cuboid and the five metatarsal heads) and the “transverse 
metatarsal arch (comprising the 5 metatarsal heads). Some 
Sources say that there is only one transverse arch which 
involves only the tarsals. 
0066 “First Ray' refers to the navicular, medial cunei 
form, first metatarsal and the great toe. 
0067 “Lateral Column” refers to the calcaneus bone, 
cuboid bone and fourth and fifth metatarsals. 

0068 “Medial Column” refers to the talus, navicular, 
middle and medial cuneiforms and first and second meta 
tarsals. Some texts also include the lateral cuneiform and 
third metatarsal. 
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0069. “Stress' refers to the force that causes deformation 
and can act as tension, compression or sheer. 
(0070 “Strain” refers to a measure of the degree of 
deformation caused by stress. 
(0071. “Elastic Modulus’ refers to the ratio of stress to 
strain and refers to the nature of the deformation or stiffness 
of the material. 
(0072 “Plastic deformation” refers to the ability of liga 
ments, tendons and fascia, as tensile structures with specific 
Viscoelastic properties, to be damaged or to deviate from an 
ideal, unstressed position. It is a permanent, non-recoverable 
deformation. These viscoelastic properties, along with the 
size of the structure, dictate the magnitude of the forces 
required to produce injury that ranges from microfractures to 
catastrophic failure. To permanently damage or tear a liga 
ment or other collagenous fiber typically requires a force at 
or above the threshold at which the structure in question can 
resist for approximately one-third of a second in duration. 
For example, a cruciate ligament may tear when a football 
player is hit hard on the side of the knee due to the brief, but 
high force of the insult. Alternately, a submaximal stress for 
more than 20 minutes has been shown to produce permanent 
stretch of the affected ligaments, known as plastic deforma 
tion. In addition, microfailure can occur within the range of 
motion if frequent loading is imposed on an already dam 
aged structure. As another example, a person who works, 
walks, dances or shops for long periods of time, until his or 
her feet hurt, can Sustain physical and potentially permanent 
damage to ligaments and tendons that can lead to an abnor 
mal gait. As illustrated in the stress-strain curve shown in 
FIG. 1 (Cavanagh, A., Neuromechanics of Human Move 
ment, R. Enoka publishers, p. 82, 189, 192-193, 1994), the 
“toe region' of the graph represents a normal stretch and 
return elasticity of ligaments and tendons. Here the "curl in 
the conformation of the collagen protein molecule is main 
tained. In the "elastic region' of the graph, this curl has been 
stretched out, but permanent damage does not occur. In other 
words, a tendon/ligament undergoing stress and strain forces 
within the elastic region of the graph should fully recover 
when the load is removed (unless it was already damages in 
which case repeated loading in this range can result in 
further damage). Hysteresis (energy lost as heat during the 
recoil from the stretch) occurs anywhere to the left of the 
solid line up to the dotted line which denotes catastrophic 
failure. Above the yield point, irreversible strain occurs. 
0073 “Creep’ refers to plastic deformation and/or per 
manent strain in a tissue that can occur over time as a result 
of application and maintenance of a stress at a set level. 
(0074) “Pin bed” refers to a bed or box structure having an 
array of gauging elements, such as vertically displaceable 
sensing pins, on which a patients foot can be placed. 
0075. As used herein, “computer-controlled moveable 
object' can refer to a pin bed, a foot plate, or other surface 
upon which a plantar Surface of a patients foot is placed for 
obtaining a digital anatomy or an orthotic profile. Alterna 
tively, and as will be clear from the context, a computer 
controlled moveable object can also refer to the individual 
gauging elements. Such as a pin in a pin bed. 
0076. In the context of the present teachings, “offset 
triangular grid” refers to an isometric grid formed by arrang 
ing gauging elements on the two-dimensional planar Sur 
face, such as a pin bed, in a regular equilateral triangle 
pattern. The gauging elements are found at the angle of each 
equilateral triangle in the grid, as illustrated in FIG. 2. 
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0077. “Display” refers to a computer screen, video moni 
tor, or other device capable of presenting an image to a 
viewer. “Display is capable of being manipulated” means 
that the image can be adjusted, elements added or moved on 
the screen or monitor to simulate, predict the effects of, or 
prescribe various adjustments to image, which in one 
embodiment can be a bone or soft tissue of a foot. 
0078 “Electronically transmitting the digital anatomy' 
refers to the act of conveying the digitized anatomical 
information to a receiver or storage device, which may 
reside at a site remote from that at which the digital anatomy 
originates. Similarly, digitized anatomical information may 
be sent from a receiver or storage device to a site at which 
a digital anatomy can be obtained, and/or to a site at which 
an orthotic can be manufactured. 
0079) “Data compression” refers to the process of encod 
ing information using fewer bits (or other information 
bearing units) than an unencoded representation would use 
through use of specific encoding schemes. 
0080) “Securing” or “security encoding refers to the 
process of encrypting information for protection of the 
digital anatomical information. 
I0081) “Initial bone state” refers to the relationships of the 
bones in a patients foot in a first, unrestored configuration/ 
relationship before adjustment or manipulation of the bones, 
Such as by treatment with an orthotic designed in accord 
with the present methods and systems. “Restored bone state' 
refers to the configuration/relationship of the foot bones that 
is different from an initial bone state, and in a preferred 
embodiment refers to the configuration/relationship of foot 
bones that is a physiologically or medically desired position. 
“Intermediate bone state' or “intermediate state' refers to 
configuration/relationship of a patient's foot bones that is 
between the initial bone state and a restored bone state. 
0082 An image of a foot can be obtained using a means 
of imaging selected from, for example but not limited to, 
magnetic resonance imaging (MRI), computed tomography 
(CT), radiologic imaging Such as X-rays, ultrasound imag 
ing, infrared imaging, or any variations or combinations 
thereof. 
0083 “Superimposition of the digital anatomies' refers 
to placement of an image or video representing a second 
digital anatomy on or over a first image or video represent 
ing a digital anatomy, for comparison of two or more digital 
anatomies. In some embodiments, the Superimposition of the 
digital anatomy images aligns one or more bones in each 
image. As can be appreciated, Superimposition of two 
images permits assessment of differences between an initial 
and an intermediate or a restored bone state, and informs the 
measurements and/or calculations for design of an orthotic 
to reposition a foot bone. 
0084) “Simulation of a movement path' or “defining one 
or more movements of any bone to move from an initial 
bone state to the desired restored bone state' refers to the 
process of measuring or calculating the extent of movement 
of one or more bones needed to reposition the one or more 
bones from an initial or intermediate bone state at a given 
time point to an intermediate or restored bone state at a later 
time. The movements can be a distance in one or more of the 
X, Y, Z directions, or can be angular movements around the 
X, Y, Z axes. 
I0085. “Six degrees of freedom” or “6DoF' refers to 
movement in three dimensional space, i.e., the ability to 
move forward/backward, up/down, left/right (translation in 
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three perpendicular axes) combined with rotation about 
three perpendicular axes (yaw, pitch, roll). As the movement 
along each of the three axes is independent of each other and 
independent of the rotation about any of these axes, the 
motion has six degrees of freedom. In the context of the 
present disclosure, 6DoF typically refers to the movement of 
one or more bones of the patients foot during repositioning. 
I0086 “Timer for scheduling a subsequent obtaining of a 
digital anatomy or follow-up appointment” refers to a com 
ponent of the method or system in which a desired length of 
time for treatment with an orthotic is assessed and the next 
step in treatment, such as an appointment with the treating 
clinician or physician to monitor progress or to design a new 
orthotic, is prescribed. 
I0087. “Treatment plan” refers to the design of one or 
more foot orthosis, each of which is to be worn by a patient 
to achieve a desired repositioning of a foot bone. 
I0088 “Labeled in order of use” refers to markings on two 
or more foot orthoses to indicate the sequential order in 
which the two or more orthoses are to be worn. 
I0089) “Progressively wearing refers to the sequential 
wearing of two or more foot orthoses by the patient. 
(0090 “Saddle” refers to the shape of the orthosis that 
corresponds to the foot structures Supporting the transverse 
tarsal arch. In one embodiment, an ideal saddle is convex in 
the Sagittal plane and concave in the frontal plane, and is 
slightly higher on the medial side. “Cuboid triangle post” 
refers to the foot structures under the metatarsals. FIGS. 
13A-13C discussed below illustrate these terms. 
0091 “Ameliorating or “ameliorate” refers to any indi 
cia of Success in the treatment of a pathology or condition, 
including any objective or Subjective parameter such as 
abatement, remission or diminishing of symptoms or an 
improvement in a patient's physical or mental well-being. 
Amelioration of symptoms can be based on objective or 
Subjective parameters; including the results of a physical 
examination and/or a psychological evaluation. 
0092. When a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the lower limit unless the context clearly dictates otherwise, 
between the upper and lower limits of that range is also 
specifically disclosed. Each Smaller range between any 
stated or intervening value in a stated range and any other 
stated or intervening value in that stated range is encom 
passed by the disclosure. The upper and lower limits of the 
Smaller ranges can be independently included or excluded in 
the range, and each range where either, neither or both limits 
are included in the Smaller ranges is also encompassed by 
the disclosure, Subject to any specifically excluded limit in 
the stated range. Where the stated range includes one or both 
of the limits, ranges excluding either or both of those 
included limits are also included. 

II. Methods and Systems for Design of a Foot 
Orthotic 

0093. The section headings used herein are for organiza 
tional purposes only and are not to be construed as limiting 
the Subject matter described in any way. 
0094. Before describing the foot orthotic device, methods 
and systems for diagnosis and evaluation of a patients foot 
are described. The methods and systems are used to design 
and customize one or more foot orthotic devices that 
achieves restoration of one or more foot structures to a 
desired positioning, alignment, or congruency. 
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A. Foot Anatomy 
0095. The method described herein for design of an 
orthotic device and restoration of a foot structure takes into 
consideration foot structures in addition to the Subtalar joint. 
The foot has 28 bones, including the two sesamoid bones 
under the great toe, 33 joints and a large number of articular 
Surfaces within the joints, in addition to soft tissues such as 
muscles, tendons and ligaments. The methods described 
herein take into consideration that plastic deformity of the 
ligaments and tendons allows bones in the midfoot to slip 
downward. When this happens, the articular surfaces of the 
involved bones are no longer congruent. In many cases this 
leads to a rigid midfoot that cannot flex when necessary and 
to hypermobile joints in the forefoot and the rearfoot to 
compensate for the rigid midfoot. A patient’s foot whose 
midfoot joints are incongruent will further pronate (flatten) 
under the patients weight, as without the proper anatomical 
configuration, the foot muscles continue to weaken and the 
tendons/ligaments continue to creep. 
0096. This concept is illustrated in FIG. 1. Physiologic 
changes occur when Viscoelastic structures, such as liga 
ments and tendons of a foot, undergo stress and strain. A 
Viscoelastic structure placed under any stress that is below 
the threshold of catastrophic failure yet above a level of 
stress where it can return to normal position with no damage, 
will obtain some degree of plastic deformation. If the same 
stresses continue, plastic deformation will continue as well. 
As the joint spaces of the foot are narrow it takes little plastic 
deformation of the supporting ligaments to negatively alter 
the joint(s) congruency as once the ligaments creep, the 
bones are no longer held securely in place and will displace 
according to the forces placed on them Such as by the force 
of gravity. This eventually results in fixation of the joint(s) 
as their Surfaces wedge against one another. This wedging 
effect particularly occurs with the midfoot tarsal bones and 
inhibits physiologic foot function causing a cascade of 
abnormal motion that result in further plastic deformation, 
more fixations and damage to the articular cartilage of the 
involved joint(s). 
0097. As will become apparent from the description of 
the method herein, an orthotic device designed in accord 
with the method restores, rather than merely supports, the 
midfoot and any midfoot deformities. Several embodiments 
of the present disclosure are described in detail hereinafter. 
These embodiments can take many different forms and 
should not be construed as limited to those embodiments 
explicitly set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and com 
plete, and will fully convey the scope of the present disclo 
sure to those skilled in the art. 
0098. The presently disclosed methods and systems for 
design of a foot orthotic and restoration of one or more foot 
bones is based, at least in part, on an understanding of foot 
anatomy, and, in particular on: (1) an intricate pattern of 
Internal Tarsal Ligaments (ITL linkages). This chain of 
ligaments includes ligaments between (i) the cuboid and the 
lateral cuneiform; (ii) the lateral cuneiform and the middle 
cuneiform; and (iii) the middle cuneiform and the medial 
cuneiform, as well as (2) the lateral cuneiform, navicular and 
cuboid (LCNC) complex. The ITL linkages play a role in 
efficient ambulation and the bones of the LCNC complex 
function in a specific way during stance phase of ambula 
tion. These findings and their role in restoration of foot 
function will be detailed below. 
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0099 Plastic deformation of the supportive structures in 
the foot is caused through normal wear and tear and through 
accelerated stresses, such as modern footwear, hard flat 
Surfaces, distance running, obesity, aging, etc. These con 
ditions cause the midfoot to begin to collapse due to the 
plastic deformation of its ligaments, tendons and fascia. Two 
of these Supportive structures are the long and short plantar 
ligaments. Strain of these two ligaments allows the calca 
neus to plantar flex, at the same time the medial arch 
decreases in height causing the head of the first ray to 
increase its distance from the calcaneus. This results in 
forefoot abduction and Subsequent eversion of the calca 
neus, also known as a pronated foot. As the calcaneus plantar 
flexes, the calcaneocuboid joint widens on the plantar 
aspect. This allows the cuboid to over-rotate when the lateral 
column bears weight. Over-rotation of the cuboid deforms 
ITL linkages by preventing the lateral cuneiform from being 
pulled into a notch between the cuboid and the navicular. A 
consequence of these actions is that the medial and lateral 
columns cannot lock together to form a rigid lever for toe 
off. As weight moves medially during gait, ground force 
reaction on the medial column is not met with resistance that 
results in inefficient energy transfer and pathologic gait. 
Changes to the midfoot at this point can be visible to the 
naked eye, and dubbed, in lay terms, a “flat foot'. Over time, 
this plastic deformation of the tensile structures in the foot 
allows the medial column tarsal bones to drop far enough 
that they become wedged against one another. As the medial 
column tarsal bones become wedged, the tensile structures 
in the rearfoot and forefoot must compensate and therefore 
undergo plastic deformation. In this case, instead of the 
bones becoming jammed against one another, they become 
hypermobile. The paradoxical result is a rigid midfoot with 
overall foot hypermobility. In some cases, the lateral column 
collapses due to strain of the tensile structures, further 
keeping the medial and lateral columns from locking 
together via the lateral cuneiform (as in the ideal LCNC 
complex). If the cuneiforms fixate but do not collapse, 
functional hallux limitus is observed, or bunion formation 
without excessive pronation. When the medial column 
begins to collapse causing the distance between the calca 
neus and the first metatarsal head to further increase, plantar 
fasciitis can occurs. In extreme cases, a Charcot deformity 
secondary to, for example, trauma to the foot is observed. In 
these cases, the entire tarsal complex collapses, i.e., the 
transverse tarsal arch has a decreased height, with patients 
presenting with flat, forefoot abducted feet having calcaneal 
eversion. 

0100 While these cases represent a spectrum of presen 
tations possible with midfoot tensile structure plastic defor 
mation, and they may appear to be vastly different in nature, 
they have similar causality in the sequence of events. The 
calcaneus loses plantar angle, which allows the cuboid to 
over rotate when the lateral column bears weight. When this 
happens, neither the ITL nor LCNC complex can activate 
correctly, thus the medial and lateral columns cannot act 
together when needed. Mostly or fully restoring proper 
anatomical configuration of the midfoot tarsal bones and 
dynamically (i.e. while moving through a range of motion) 
Supporting them in the proper configuration will ameliorate 
pathologies in gait, and largely or fully re-establish a physi 
ologic gait that is closer to ideal/optimal for that individual. 
Mostly or fully restoring proper anatomical configuration of 
the midfoot tarsal bones and dynamically (i.e. while moving 
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through a range of motion) Supporting them in the proper 
configuration will ameliorate pathologies in gait, and largely 
or fully re-establish a physiologic gait that is closer to 
optimal for that individual. From the perspective that the 
human body is a tensegrity structure—that is, a self-stabi 
lizing structure where tension is continuous and compres 
sion is discontinuous—an objective in one embodiment is to 
realign the compressive units (the bones) so that the tensile 
units (ligaments, tendons, muscles) may contract or extend 
to produce a desired tension in order to maintain the tenseg 
rity structure and maximize the force transfer through the 
kinetic chain. 

B. Methods and Systems for Design of an Orthosis 
0101 Provided herein, in one embodiment, is a method to 
evaluate a patients foot and to design an orthotic device that 
restores optimal desired anatomical configuration of midfoot 
tarsal bones, and dynamically supports the midfoot tarsal 
bones in a configuration that re-establishes a desired physi 
ologic gait, e.g., a gait that alleviates a symptom Suggestive 
of deformation in a foot anatomical configuration. A system 
for design of the orthotic device in accord with the method 
is also provided. The method and the system are now to be 
described with reference to FIGS. 3-10. 
0102. In the method, a patient experiencing foot pain or 
another symptom Suggestive of a deformation in a foot 
anatomical configuration is provided. A digital anatomy or 
orthotic profile of the patients foot (or feet) is obtained, and 
the digital anatomy is analyzed to evaluate a relationship 
between two or more bones in the foot. Based on the 
analysis, one or more tarsal bones are identified for reposi 
tioning to restore a desired anatomical configuration to the 
foot by one or more orthotic devices. 
0103) In one embodiment, the system for application of 
the method is comprised of a pin matrix comprising a 
plurality of moveable pins, the pins moveable for contact 
with a plantar surface of a foot placed above or on the 
matrix. In some embodiments, a display in the system is 
capable of displaying a digital anatomy of the foot, based on 
positional information of the pins interaction with the foot. 
In a preferred embodiment, a computer program in the 
system analyzes the digital anatomy and evaluates a rela 
tionship between two or more bones in the foot, and deter 
mines an adjustment to one or more pins in the pin bed to 
achieve a corresponding adjustment to one or more foot 
bones. In some embodiments, the adjustments are made to 
midfoot tarsal bones. 
0104. The system has robust measurement, analytical, 
diagnostic and adjustment capabilities for designing and 
optionally making custom orthotics. The system measures, 
analyzes and diagnoses, and adjusts the bones and tensile 
tissues (ligaments, tendons and fascia) in a patients foot. 
The system has the capabilities for mapping a foot Surface 
topography and/or measuring pressure points on the foot 
plantar Surface, and additionally has the ability to generate 
a digital anatomy of a foot. Such a digital anatomy of the 
foot includes: (1) the shape and position of the plantar 
surface of the tarsal and/or metatarsal bones of the foot, (2) 
a computer generated three-dimensional representation of 
the shape and position of the bones within the foot, (3) the 
ability to determine which bones have become displaced 
from their optimal positions, and/or (4) a three-dimensional 
representation of joint position and congruency of the foot. 
A computer Software program in the system analyzes the 
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digital anatomy and, based on the analysis, directs the 
system or a skilled clinician or physician to reposition one 
or more foot bones, with optional input from the clinician or 
physician. The digital anatomy of the repositioned foot, with 
one or more bones in a restored bone state, is obtained, and 
the digital data file of both the initial and the restored bone 
states are stored, for use in manufacture of orthoses and/or 
for Subsequent evaluation. 
0105 FIGS. 3A-3B illustrate components of such a sys 
tem 10. System 10 comprises a surface 12 for receiving a 
plantar surface of a foot. Surface 12 is of sufficient size to 
accommodate measurement of any size foot. In a preferred 
embodiment, the system additionally comprises a computer 
(FIG. 3B) with software for analysis and diagnosis, as will 
be described below. The system optionally includes an 
imaging system (not shown), also discussed below, for 
complimentary and enhanced analysis of a foot. The system 
also comprises a pin matrix, also referred to herein as a pin 
bed or array of pins, comprised of a plurality of pins that are 
collectively or, preferably, individually and independently 
moveable. FIG. 3A includes an exploded view of several 
pins, pins 14, 16 being representative, in the array of 
moveable pins. Pin beds are described, for example, in U.S. 
Pat. Nos. 5,640,779; 4,876,758; 5, 941, 835; 5,689,446; 
4,449.264, incorporated by reference herein. In some 
embodiments, each pin in the plurality is independently 
moveable and is under control of a driver, such as drivers 24, 
26, coupled to the individual pins to raise each individual pin 
at a known or controlled pressure. The drivers in the system 
can be, for example, a piston driven by a pressure source, a 
served-controlled motor adapted to raise an associated pin 
by a preselected distance, a constant force spring, a hydrau 
lic device, a pneumatic device, or the like. A heel rest 18 can 
be optionally included at one end of the surface on which the 
foot contacts. Additionally, Surface 12, also referred to as a 
foot platform, can include stabilizing arms 20, 22 mounted 
on opposing longitudinal sides of the platform on sliding 
rails, for application to point-specific areas of a foot at rest 
on the Surface to stabilize the foot and permits its adaptation 
to feet of varying sizes. 
0106 FIG. 3C illustrates an embodiment of a pin matrix. 
In this embodiment, the pin matrix 15 is comprised of two 
lateral rows of pins, identified as rows 17, 19. It will be 
appreciated that two rows is merely exemplary, and that the 
pin matrix can comprise a single row of pins or more than 
two rows of pins, such as three lateral rows, four lateral 
rows, and so on. In one embodiment, the pin matrix com 
prises from between about one to about four rows of pins. 
The system includes a plurality of drivers, such as driver 21, 
coupled to the individual pins. The drivers serve to raise, or 
lower, each individual pin at a known or controlled pressure. 
In some embodiments, a common pressure source (not 
shown in FIG. 3C) is connected to each driver, and in other 
embodiments, a plurality of pressure sources are provided 
with at least one pressure source connected to each driver. 
0107 The rows of pins, in one embodiment, are held on 
a carriage 23 that is mounted, for example in system 10 of 
FIG. 3A, for movement across the surface that receives a 
patient's foot, Such that the pins sequentially engage the foot 
plantar surface, further described below. The system addi 
tionally comprises one or more sensors for determining 
positional information about the pins in the pin matrix, and 
in particular for determining a penetration depth of each pin 
as the pin is raised upward from the Surface of the system to 
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engage the foot plantar Surface and compress tissue against 
bones of the foot. In one embodiment, sensors for determin 
ing a penetration pressure of each pin as the pin is raised 
upward from the surface are provided. A controller is 
preferably connected to the drivers, carriage and sensors, the 
controller programmed or programmable to sequentially 
position the carriage incrementally across the foot in an axial 
direction to scan the entire plantar Surface, to raise the pins 
against the foot tissue at one or more pressures at each 
sequential carriage position, to collect positional informa 
tion, such as the depth of pin penetration into the tissue, at 
each pressure and each incremental position, and/or to 
control pressure applied to each pin. 
0108. In use, the pin matrix in conjunction with the other 
system components, such as a controller and Software, can 
obtain a digital anatomy of a patients foot. A patient places 
his/her foot on the surface of the system. Pressure is applied 
sequentially to a series of localized regions on the plantar 
Surface of the foot, for example by raising the pins in the pin 
matrix for contact with the foot and compression of tissue 
against the foot bones. In the embodiment where the pin 
matrix is comprised of between about 1-4 rows of pins. Such 
as the embodiment depicted in FIG. 3C, the pin matrix in a 
first position is used to apply pressure in a first localized 
region of the plantar Surface of the foot, the pin matrix in 
contact with the plantar foot surface defining a first lateral 
band of the foot surface. A first set of positional information 
about the pins in the localized region is obtained. The 
pressure applied to each pin can be adjusted one or more 
times to obtain additional positional information of the pins 
at that localized region. In a preferred embodiment, at least 
one pressure applied is sufficient to displace one or more 
bones of the foot to a restored bone state, and positional 
information when the bones are in the restored bone state. 
The carriage on which the pin matrix is mounted is then 
moved sequentially, axially across the plantar foot Surface to 
a second localized region on the plantar Surface of the foot, 
where pressure is again applied to the pins. At each sequen 
tial region, or Successive lateral band of the plantar Surface, 
in which pressure is applied, positional information of the 
pins is obtained, from which a digital anatomy, or an orthotic 
profile, of the foot can be determined. 
0109. It will be appreciated that the number of lateral 
bands of the foot plantar surface depends on the number of 
rows of pins, the spacing between rows of pins, the size of 
the patients foot, and other factors. In one embodiment, 
pressure is sequentially applied to between about 10-40 
Successive lateral bands of the plantar foot Surface, more 
preferably 15-35, still more preferably 20-30. Each lateral 
band, in one embodiment, has a width in the range of about 
0.5-4 cm, more preferably 0.5-2 cm. The pressure applied to 
the individual pins in the matrix can be a common, prede 
termine pressure or a series of differing common predeter 
mined pressures. 
0110. The positional information that is determined 
allows determination of an orthotic profile. Positional infor 
mation can comprise, for example, positions of the indi 
vidual pins at one or more pressures. Based on the positional 
information of the pins at one or more pressures, an orthotic 
profile is determined. The profile is used, as described 
below, to form an orthotic device that achieves a restored 
bone state. The positional information obtained can also 
comprise imaging the plantar Surface or relationship of one 
or more foot bones, to construct a digital image of the foot 
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bones. In a preferred embodiment, the positional informa 
tion is used to determine a therapeutic orthotic profile that 
compresses tissues Sufficiently to reposition bones to a 
restored boone state. 

0111. In one embodiment, consideration of pin density, 
height, diameter, head shape, operating modes, pin elevation 
measurement, pin pressure measurement is given. Addition 
ally, software establishing the digital anatomy, heel rest, foot 
stabilizing assembly, attachment to a computer, and attach 
ment to an imaging system are considered based on the 
following features. 
0112. With respect to density of the pins in the pin bed, 
the number of pins per square centimeter can be optimized 
for increased resolution of two- and three-dimensional 
images. By way of example, pin density can range from 
about 0.5 pin measurements per cm to about 4 pin mea 
surements per cm, in one embodiment, for scanning of the 
foot and bone repositioning. The pin density, in one embodi 
ment, is selected to allow the imaging process to gather a 
sufficient number of data points without the data collection 
interfering or adversely affecting the data collection/mea 
Surement itself. In one embodiment, the pins are spaced 
apart by a distance in the range of about 6 mm to about 13 
mm, measured from the longitudinal center line of one pin 
to the longitudinal center line of an adjacent pin. More 
preferably, the pins are spaced apart by a distance in the 
range of about 7 mm to about 10 mm, and in a preferred 
embodiment, the distance between center lines of adjacent 
pins is about 8.3 mm (0.325 inch). In a preferred embodi 
ment, the pins are aligned in offsetting rows to accommodate 
a high density of pins while avoiding the problem of 
“tenting in which a pin rises into the pressure well created 
by an adjacent pin. The diameter of the pressure well is a 
function of the pins diameter, the depth of penetration, and 
the physical properties of the compressed media, Such as the 
skin or soft tissue. In a preferred embodiment, the rows of 
pins in the matrix are configured in a saw-tooth pattern of 
between, for example, 1-4 rows, preferably of between about 
2-3 rows. The saw-tooth pattern or offset position of the pins 
is seen in the pin matrix of FIG. 3A and FIG. 3C, where the 
pins in row 17 (FIG. 3C) are offset from the pins in row 19 
(FIG. 3C). These offsetting pin locations are such that as the 
matrix of pins is moved sequentially to localized regions on 
the foot surface, the pins in one row when the matrix is in 
a first position interlace with the pins in another row when 
the matrix of pins is moved to a second position. The pins 
are preferably raised simultaneously, but discretely, in each 
position and information on pressure and pin height is 
collected in order to determine an orthotic profile or digital 
anatomy of the foot. The pin matrix when in position at each 
localized region of the foot may be subjected to more than 
one pressure, for example, two or three pressures, wherein 
at least one pressure is sufficient to displace bones of the foot 
to a restored State. A single row of complete data across the 
foot is thus collected with 2 or 3 measurements. Effectively, 
this technique gathers high density pin data across the foot 
without having any sets of pins too close to one another 
during any given measurement assuring that the measure 
ment is valid without detrimental effects of “tenting”. As 
noted above, pins are raised into the foot using a driver. Such 
as the drivers identified as 24, 26 in FIG. 3A. It will be 
appreciated that the drivers can be placed in an alternating 
pattern and/or on two levels, as shown in the exploded view 
of FIG. 3A. 
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0113. With respect to pin height, in one embodiment, the 
pins have a height, denoted by the distance X in the exploded 
view of FIG. 3A, of at least about 7.5 cm above a plate 28 
on Surface 12. This pin height accommodates individuals 
with a high arch in one or both feet, and permits accurate 
height readings of each pin. The maximum height of each 
pin in the array forming the pin bed, in one embodiment, is 
about 10 cm; and in another embodiment is about 11 cm, 12 
cm, 13 cm, or 14 cm. 
0114 Diameter of the pins is ascertained upon consider 
ation of a balance of at least two parameters: the pins should 
be of sufficient diameter to compress tissue effectively 
without causing pain, yet Small enough to prevent pressure 
well overlap of adjacent pins. In some embodiments, pin 
diameter is Small enough to provide as many points of 
reference as possible and yet thick enough to bear the weight 
of a heavy human (up to 400 lbs.) Standing on the machine. 
In some embodiments, the plurality of pins can be arranged 
in a repeating hexagonal pattern to minimize spacing 
between the pins. In some embodiments, a 50% offset 
between rows of pins is envisaged. In some embodiments, 
an offset triangular grid may allow greater density of pin 
placement, as well as increased accuracy in a high-contour 
plot. 
0115. In some embodiments, the pins may have a circular 
cross section. The pin head Surfaces can be Smooth and 
slightly convex in shape to evenly distribute forces over the 
entire pin head surface. 
0116. In use, a patient places his/her foot upon the pin 
bed. The system applies a selected pressure to the pins, the 
pressure applied being sufficient to compress the soft tissue 
on the plantar surface of the foot to create a uniform density 
of tissue per cubic centimeter at each pin head surface. Thus, 
rather than passively receiving pressure from the foot and 
settling into a position based on the topography of a patients 
foot, the presently disclosed pin bed or band of pins can 
actively control the pressure of individual pins. In one 
embodiment, several phases of pressure can be applied until 
a desired pressure is reached. Pin pressures can be monitored 
to assure that the same pressure is delivered to each pin. As 
can be appreciated, pin heights increase until the pressure 
against each pin by the foot equals the pressure exerted by 
each elevated pin. When the two pressures are equal, pin 
elevation stops and the pins can be measured for pin height 
and pressure. A digital anatomy of the foot is created based 
on the position of each of one or more pins and the applied 
pressure, and the image of the anatomy is digitally stored. 
Creation and analysis of the digital anatomy is described 
below. In one embodiment, after analysis of the digital 
anatomy, and with the patients foot in place on the pin bed, 
selected pins in the array of pins in the bed are adjusted in 
an upward or downward position to adjust and/or reposition 
selected bones in the foot, to restore a desired or proper bone 
position, and tensegrity structure of the body in one embodi 
ment, as determined by the computer software. In this 
adjusted position, the pins are now aligned to mimic the 
shape of a custom orthotic and to allow the patient to sample 
their orthotic prior to its manufacture. After the bones have 
been repositioned by the pins, another digital anatomy of the 
restored foot may be created. Though the preferred embodi 
ment does not utilize a locking mechanism or pre-manufac 
ture comfort testing, in one embodiment the pins can be 
locked in place using a locking mechanism illustrated in 
FIG. 3D. In FIG. 3D, a pin 30 extends through a foot plate 
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32, as seen best in the lower panel of FIG. 3D. Pin 30 in its 
unlocked position is shown in the left panel of FIG. 3D, and 
it is locked position in the right panel of FIG. 3D. In the 
embodiment utilizing a pin locking mechanism, the patient 
can stand on the instrument whose pins are locked to test the 
approximate shape of the final orthotic for comfort prior to 
its manufacture. 
0117. In cases requiring a correction to pin heights that 
are too large to achieve the desired restored bone state in a 
single orthotic device, a series of two or more orthoses are 
designed where the computer defines the shape and contour 
of the orthoses to progressively move the bones to the 
restored bone state. 
0118. In one embodiment, the pins in the array of pins in 
the bed are elevated individually by applying pressure to 
each pin simultaneously and within certain tolerances. The 
height of each pin can be individually monitored and con 
trolled by computer. Pressure regulation can be controlled 
by the software yet will also allow for manual adjustment by 
the practitioner. In other embodiments, pin elevation is 
optically monitored for each pin by the computer software, 
and in Some embodiments pin height accuracy will be 
assured to within 0.05 mm or better. As is evident from the 
description above, pin elevations can be measured several 
times during the analysis and diagnosis of a patients foot. 
An initial pin elevation measurement is taken when the pins 
are in full contact, low compression against the plantar 
surface of the foot in order to achieve a baseline static 
structural image. After the pins are in full contact with the 
patient's foot at low compression, the pressure is then 
increased, compressing tissue to a uniform density, and the 
pin elevation measurement is (again) taken. The step of 
increasing pin pressure measuring pin elevation is repeated 
a number of times, resulting in a series of digital anatomies 
of the foot. Additional adjustments to the bones may be 
made by the computer via pin elevation or manually by the 
practitioner in order to achieve an optimal restored State. In 
this way, baseline and corrected images of the foot are 
documented. 
0119) A range of forces between 0 and 50 Newtons can be 
applied to the pins, and applications of force can occur 
iteratively. Pin forces will typically be in a range from 0 to 
5 lbs (0 to 30 N) per pin. A typical pin diameter is from about 
0.10 to 0.25 inch (2.5 mm to 6.4 mm). 
I0120 Aheel rest on the foot platform can be included, as 
illustrated in FIG. 3D, to maintain proper shank position. 
The heel rest can include a removable or foldable curved bar 
36 that stabilizes the heel and lower leg and minimizes their 
movement or slippage, yet allows pins to elevate around the 
heel area to capture the natural shape. In addition, a curved 
bar 38 continues past the level of the ankle malleoli and has 
an adjustable strap 40 that is positionable about the ankle for 
better stabilization in those instances where hypermobility 
would normally require two people to position the foot for 
scanning. This bar, in one embodiment, would have a 
variable angle to the foot platform with a “normal notch set 
at 110 degrees. For most patients this angle will take tension 
off of the calf muscles and prevent activation of the tensile 
components of the foot including the LCNC complex and 
the inter-tarsal ligament complex while still maintaining 
proper contact with the foot platform. 
I0121. In addition to the heel rest, the foot platform can 
additionally include a foot stabilizing assembly 42 to hold 
steady the first and fifth metatarsal heads so that the tensile 



US 2017/0013909 A1 

elements are not under tension and therefore the LCNC 
complex and internal tarsal ligaments are not activated. The 
foot stabilizing assembly includes a strap that can be 
adjusted and fastened in place, using conventional fasteners 
Such as, but not limited to, buckles, hooks, Velcro, loops, or 
other types of fasteners. The foot stabilizing straps are 
anchored on movable rails so that any size foot can be 
accommodated. Under the strap, two elastic pieces (for 
example rubber or rubber-like pieces) are placed over the 
first and fifth metatarsophalangeal (M-P) joints so that the 
pressure created by the strap applies pressure only over 
those two joints. The two rubber pieces are shaped to fit 
smoothly over the first and fifth M-Pjoints and are attached 
to the strap in Such a way as to allow them to move along 
the length of the strap, and are therefore adjustable to any 
size foot. The foot stabilizing assembly may also incorporate 
a tensioning element (Such as a spring) that applies a force 
towards the heel of the foot so that as the pins raise the bones 
of the midfoot, increasing the height of the medial and 
lateral arch and reducing the length of the foot, the foot 
stabilizing assembly moves toward the heel to accommodate 
the foot shortening. The foot stabilizing assembly may also 
incorporate a ratchet mechanism that prevents the foot from 
lengthening after the pin pressure under the midfoot is 
released. 

0122) With reference again to FIG. 3A, the foot platform 
is in communication with a computer and its Software, the 
communication via, for example, ports and cables or a 
wireless arrangement. The computer may also be linked to 
an optional imaging system, described below, also by ports 
and cables or wirelessly, unless the particular imaging 
system requires a special connection. 
0123 Turning now to the software that accompanies the 
system, the Software acquires pin height data along with 
stored information of a generalized skeleton of the foot to 
form a three-dimensional representation of the particular 
skeletal and soft tissue anatomy of the patient’s foot. Pin 
height varies depending upon the thickness and density of 
soft tissue between the plantar surface of the foot and the 
underlying bone. The Soft tissue beneath weight-bearing 
bone, such as at the tubercle of the calcaneus and under the 
first and fifth metatarsal heads, will be higher in density and 
harder to compress, resulting in minimal pin elevation. In 
areas where bones are deeper to the plantar Surface, soft 
tissue may be thicker and will have a lower density allowing 
it to compress more under the same pressure. In those areas 
the pins will elevate more to reach pressure equilibrium. The 
Software captures the elevation of each pin once a uniform 
density of the foot structures is achieved. 
0.124 Characteristics of the presently disclosed software 
are: (i) it enables data gathering from pins pressures and 
elevations to display graphic representations of various 
aspects of the foot; (ii) it provides viewing of certain images 
from any angle; (iii) it contains rules for displaying the 
digital anatomy of the foot in two- and three-dimensional 
representations, for example, by showing a congruency map 
optionally allowing the visualization of articular Surfaces of 
the bone(s), or by showing a vector map allowing visual 
ization of the bones to be manipulated, wherein the congru 
ency or vector map can change upon pin adjustment or 
human manipulation techniques; (iv) it contains rules for 
diagnosing structural abnormalities of the foot, for example 
by detecting one or more bone alignments and drawing lines 
1-4 (as described in Example 2), assessing misalignment(s), 
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and Suggesting movements of one or more bones to achieve 
a desired angle and/or to establish congruency; (V) it con 
tains rules for restoring proper bone alignment without 
overcorrection and automatically detecting and updating the 
alignments and redrawing lines (for example, to Superim 
pose lines 1, 2 and 3, optionally based on a minimum 
movements criterion, and to allow the intersection of lines 
superimposed lines 1-3 with line 4 at approximately a 90° 
(+/-3) angle, as described in Example 2); (vi) it contains 
rules for determining, at the diagnostic phase, when serial 
orthoses are needed (such as when the elevation of pins for 
moving bones within a patients foot generates intolerable 
discomfort for the patient, and/or such that no ligament is 
stretched beyond a certain percentage of its original length, 
even if the patient feels no discomfort), and recording the 
corresponding distances from initial untreated bone position 
to the desired and/or prescribed restored bone position(s), 
and computing and/or dividing those distances into inter 
mediate segments/steps for determining a series of interme 
diate bone repositionings needed and designing a series of 
more comfortable progressive orthoses, thereby determining 
the shape of each orthosis in the series; (vii) it transfers the 
data for the restored foot to an orthoses manufacturing 
instrument; (viii) it will determine how much correction can 
be performed comfortably for each patient based on infor 
mation gathered from the diagnostic mode; (ix) it is able to 
quantify the relationship between the bones of the foot and 
quantify their respective movements in order to give prac 
titioners guidance and enhance individual patient treatment; 
and/or (X) it can provide a quantitative digital display of the 
bones' positions. 
0.125. The computer software provides a three-dimen 
sional rendering of the compressed soft tissue of the plantar 
aspect of the foot at uniform Soft tissue density, and an 
overlay of more than one of such three-dimensional displays 
under different compression pressures. To provide this ren 
dering, the computer Software can simulate the anatomy of 
the patients foot, or of a restored foot, using, for example, 
a colored representation of the topography of the com 
pressed tissue based on analysis of pin heights. The software 
can also identify the long axis of any bone, annotate the 
display, and/or prescribe and/or adjust pin height needed to 
move one or more bones of bone movement in six degrees 
of freedom to a restored position. The software can display 
the prescribed orthotic designed by the system. 
0.126 The software provides, in some embodiments, the 
following types of graphic representations of the foot mea 
Surements. In one embodiment, a three-dimensional color 
coded computer simulation of the patients foot skeleton 
showing bone alignment and joints based upon calculations 
made by the Software based upon pin height data is pro 
vided. In another embodiment, a three-dimensional “wire 
frame' rendering of the compressed soft tissue of the plantar 
aspect of the foot at uniform soft tissue density is provided. 
In another embodiment, a customized three-dimensional 
skeletal representation of the patients foot incorporating all 
data of the digital anatomy into a computer simulation of the 
foot skeleton is provided. 
0127. The three-dimensional simulation can be rotatable 
for full 360° viewing in all three planes by using a mouse or 
roller ball pointing device, allowing the practitioner to view 
the skeletal representation of the foot from any angle and 
Vantage point. 
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0128. The software can move some or all of the virtual 
bones of the digital anatomy as would occur in an actual foot 
whenever the practitioner makes an adjustment by moving a 
single bone. In other words, when the practitioner makes a 
single adjustment on the computer, the rest of the bones of 
the foot move in response, as they would be predicted to 
move in nature. 

Analysis and Diagnosis 
0129. After measurement of a patients foot by placement 
on the foot platform and movement of the pins to compress 
the soft tissue on the plantar surface of the foot to create a 
uniform density of tissue per cubic centimeter at each pin 
head Surface, the computer program analyzes the collected 
pin height data to determine bone positions of the foot, first 
assessing the shape of the inferior Surface of the calcaneus. 
As shown in FIG. 4A, which represents a contour plot of the 
compressed soft tissue of the plantar Surface of a foot, 
ascertained by the computer Software based upon pin height, 
the ideal appearance of the shape of the inferior surface of 
the calcaneus is a circular shape, indicated at 44. If the 
calcaneus is not in an ideal position, the shape will appear 
as an oval indicating that the calcaneus is plantar flexed, as 
visible in the contour plot of the foot in FIG. 5A and 
identified by 46. The computer then uses this data to conduct 
an analysis of the foot, using various techniques, one of 
which is detailed in Example 2 with reference to FIGS. 
6A-6F. 

0130. In some embodiments, an additional function of the 
computer includes measurement and analysis of a patients 
uncorrected, unmanipulated foot on the pin bed. At the same 
time, the first and fifth metatarsal heads are held to the pin 
bed surface still allowing for movement of the rest of the 
forefoot. The computer then sends a signal(s) to the pins in 
specific areas for which a bone adjustment to achieve 
restoration is desired, to apply one or more thrusts of fixed 
or increasing pressure for active repositioning of bone and 
restoration of foot physiology. The thrusts may be repeated 
several times at the clinicians discretion. Variable amounts 
of such active repositioning and restoration will be achieved. 
The clinician stops this process when he or she determines 
that no further restoration or repositioning can be achieved 
or tolerated. A static digital anatomy is then obtained. Thus, 
the system itself can be a device actively involved in a 
treatment plan to Supplement or in place of manual manipu 
lation. 
0131. As mentioned above, the system can optionally 
include an imaging system. An imaging system allows the 
visualization and display of a virtual representation of the 
positions of the bones and joint spaces in the foot. The 
imaging data that is gathered can be digitized, stored and 
added to the data captured from the pin bed to further refine 
the three-dimensional computer graphic simulation of the 
foot skeleton. This enables the examining clinician to visu 
alize abnormal bone position in a more detailed manner and 
to use the system to make the desired adjustments to the 
bones of the foot that will restore it to a more ideal or normal 
structure and function. Some examples of means of imaging 
include, but are not limited to ultrasound; an MRI, such as 
a portable MRI; X-ray, CT scanning or infrared imaging. 
0.132. In some embodiments, the system additionally 
comprises an ultrasound imaging device. In some embodi 
ments, a four-dimensional ultrasound device is included that 
permits visual representation in real time using a combina 

Jan. 19, 2017 

tion of ultrasound data along with a computer program that 
yields a simulation viewable on a color monitor. When 
combined with the present system a four-dimensional ultra 
Sound of the foot in combination with pin position data and 
a computer model of a foot skeleton, a virtual representation 
of the bones of a patients foot can be obtained, as illustrated 
in FIG. 3B. In this system, the practitioner need not be 
trained to read ultrasounds. Practitioner training can be 
centered on comprehension and interpretation of a patients 
digital anatomy, the relative bone positions and the appear 
ance of an ideal or restored foot. 

0.133 FIGS. 4-8 illustrate use of a digital anatomy 
obtained using the system for identification of footpatholo 
gies, and ultimate design of a restorative orthosis. FIG. 4A 
shows a two-dimensional topographical image and FIG. 4B 
shows a three-dimensional wireframe image of the foot. The 
topographical map is delineated in millimeter increments, 
with the crosshatched area demonstrating no elevation of the 
pins, the shaded area approximately 1 mm, the stippled area 
another millimeter, and Subsequent lines denoting further or 
different pin elevations. A foot that is distributing weight 
properly will carry approximately 50% of the weight on the 
calcaneus, about 25% the weight will be carried on the first 
ray, and the rest will be evenly distributed over toes 2 
through 5. The two-dimensional scan shows that pressure 
can be related to topography in that the area of the greatest 
pressure will be less likely to deform under the pin pressure. 
Therefore, in FIGS. 4A and 4B, the area with the least pin 
elevation (the area bearing the most weight) is over the first, 
fourth, and fifth metatarsal heads. 
I0134. In FIG. 5A, an image of an abnormal foot bone 
structure, the area of least pin elevation (the area bearing the 
most weight) is in the middle of the forefoot, right over the 
third metatarsal head. In this case, the third metatarsal head 
has dropped, the medial and lateral metatarsals have 
elevated, or there is a combination of both. Looking at the 
three-dimensional wireframe image, it can be seen that the 
medial arch is very high (solid arrow), while the lateral arch 
is very low (dashed arrow). Since there is a small lateral 
arch, the cuboid has not completely collapsed as it is the 
apex of the lateral arch triangle (identified by the dashed 
arrow). Therefore, the foot in FIGS. 5A-5B represents a 
combination of collapse of the mid-foot, dropping the third 
metatarsal down, along with elevation of the medial and 
lateral elements. Both the tarsal and metatarsal transverse 
arches are essentially inverting and becoming 'V' shaped 
because the lateral cuneiform, navicular, cuboid (LCNC) 
complex has failed, preventing the medial and lateral col 
umns to join together as a single, functional unit during 
specific phases of gait. The LCNC complex is shown in the 
X-ray of FIG. 7. The cuboid is marked with a “C.” the 
navicular marked with an "N,” and the lateral cuneiform is 
marked “LC. In the foot shown in FIGS.5A-5B, the LCNC 
ligamentous complex has failed, and the two ideally weight 
bearing portions of the forefoot (the first metatarsal and fifth 
metatarsal) have given way, resulting in the transverse 
metatarsal arch becoming convex in shape rather than con 
cave with the third metatarsal head now against the ground 
and bearing weight. 
0.135 FIGS. 7-8 are examples of digital images of exem 
plary feet having a malposition of the calcaneus. FIG. 8A 
shows a digital image of a foot, where a series of reduction 
lines are drawn for analysis of the foot structures. A reduc 
tion line is drawn through the transverse metatarsal (dotted 



US 2017/0013909 A1 

line), and reduction lines drawn through the long axis of the 
calcaneus, the bisection line of the cuboid and the line 
between the fourth and fifth rays are all overlapping (solid 
line), indicating that the calcaneocuboid joint is congruent in 
the frontal plane. The angle “theta between the dotted line 
and the overlapping solid lines is close to the ideal of 90 
degrees indicating that the transverse metatarsal arch is 
approximately normal. Though it is congruent in the frontal 
plane, the calcaneocuboid joint is not congruent in the 
Sagittal plane because instead of having a circular shape as 
expected from the circular tubercle of the calcaneus, this 
case has a long ovoid shape. FIG. 8B shows that the lateral 
column in this foot is flat. It also shows a depression beneath 
the dashed arrow where the cuboid has been forced down 
ward by the plantar flexed calcaneus. The flat lateral column 
such as in FIG. 8B is observed in patients who have 
congenital pes planus. However, the foot in this figure also 
shows an ovoid shape to the calcaneus indicating that it is 
abnormally plantar flexed and that the flat lateral column is 
both abnormal and not congenital. This figure illustrates a 
classic presentation for a functional short leg. 
0.136 FIGS. 9A-9B also illustrate a foot having an ovoid 
shape of a plantar flexed calcaneus, but in this case it is 
indicative of a functional long leg. The area delineated by 
the rectangle shows the subtle shift in the direction of the 
calcaneus versus the direction of the fourth and fifth ray. The 
dotted lines show the lateral column and calcaneus reduction 
lines. In an ideal foot, these would overlap, but in this case 
they do not and their offset angle meets at the cuboid 
indicating that the calcaneocuboid joint is no longer con 
gruent. Also, the transverse metatarsal line (solid line in FIG. 
9A) makes a theta angle much greater than 90 degrees, 
indicating that this foot has broken down in several areas. 
The 3-dimensional image (FIG. 9B) shows that all three 
arches are decreased and that the lateral column is very flat. 
0.137 The computer program of the presently described 
system performs the above analysis and Suggests a diagnosis 
or a differential diagnosis for each patient. The program then 
prescribes treatment options for practitioners who wish to 
manipulate the bones of the foot prior to application of an 
orthosis for restoration of structure and function to the foot 
and fabricate the orthosis in-office, as well as for those who 
wish to have the orthosis or series of orthoses in a treatment 
plan fabricated at another location using this system. 

Restoration Based on the Analysis and Diagnosis 
0.138. To restore the foot to an optimal bone state, the 
system described above identifies the joints in the foot 
whose tensile structures have undergone plastic deformation 
and then manipulates the foot in silico, or manually, to bring 
them into congruency. 
0.139. To achieve this, the patient’s foot is placed on the 
foot platform of the system, a digital anatomy is obtained, in 
one embodiment with the pins of the pin bed adjusted to 
manipulate the foot into its restored bone state. This digital 
anatomy is referred to herein as the “restorative digital 
anatomy.” In some embodiments, the patients foot has been 
manually restored prior to obtaining the restorative digital 
anatomy. From the restorative digital anatomy, the system 
performs an additional set of calculations, similar to that 
described above, and moves the pins into a position to 
achieve a restored bone state. In one embodiment the pins 
can be locked in place, and the pin positions represent the 
shape/contour of the orthotic to be fabricated. The patient 
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can stand on the pin bed to assess comfort, and minor 
adjustments may be made by the practitioner as needed for 
comfort or to improve congruency between one or more foot 
structures. After any adjustments to the pins, they are once 
again locked, the position of the pins evaluated by the 
Software, and the data stored for Subsequent analysis or 
fabrication of an orthotic device. 
0140. It will be appreciated that while the description of 
the method and system set forth above is illustrated using a 
pin bed for obtaining a foot digital anatomy, the method and 
system are not limited to a pin bed alone to obtain a digital 
anatomy. Imaging techniques are also contemplated and 
would be suitable in supplementing the data from the pin bed 
in constructing the digital anatomy. 
0.141. The method described herein contemplates serial 
orthoses in a treatment plan, in which one or more interme 
diate orthoses are designed to move the bones from an initial 
bone state to a restored bone state. Such a series of gradually 
more corrective orthoses moves and stretches soft tissues, to 
move the pathologically positioned bones of the foot into 
restored positions. A patient will wear the first orthotic 
device in the series for a first period of time selected by the 
clinician, typically on the order of several weeks or months. 
Then, the patient wears the second and any Subsequent 
orthotic devices in the series for a selected period of time, 
which can be the same or different than the period of time 
for the first orthotic device. The sequence continues until the 
patient is wearing the final orthotic device that accomplishes 
a restored bone state. 
0142. Another means of effecting restoration is for the 
system to be modified to automatically manipulate the foot 
in place of the practitioner. This can be accomplished using 
one or both of the following methods. First, with the foot 
secured to the pin bed and under minimal weight bearing 
with the patient seated, high velocity, low amplitude thrusts 
in an upward direction are made by pins or groups of pins 
as determined by the accompanying software. Second, as the 
pins are advanced slowly toward the accompanying software 
determined restoration position, they are oscillated (or 
vibrated) rapidly in an up and down direction while the foot 
is secured by the retaining device and under minimal seated 
weight bearing. Both of these methods can be combined 
where the pins oscillate rapidly up and down and selected 
pins or groups of pins make periodic high velocity, low 
amplitude thrusts in an upward direction until restoration is 
acquired. As a safety measure, the system can optionally 
continue to monitor pin pressure and can stop pin advance 
ment should a predetermined pressure be exceeded. 

C. Manufacture of an Orthotic Device 

0143. In another aspect, the system further comprises an 
instrument for the manufacture of one or more restorative 
foot orthoses. FIG. 11 illustrates an embodiment of a manu 
facturing instrument for use with the system. In the example, 
the manufacturing instrument 60 includes a pin bed 62. The 
pin bed sits within a vacuum chamber box 64, and extends 
approximately two inches above the rim of the vacuum 
chamber box. The vacuum chamber box is attached, via a 
hose 66, to an evacuation chamber 68 that has double the 
volume of the vacuum box chamber. The evacuation cham 
ber is connected to a vacuum pump 70. In some embodi 
ments, the hose and opening in the chamber will be Sufi 
ciently large enough to evacuate the entire chamber in less 
than three seconds. The vacuum chamber box can have a 
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hinged cover with an aluminum frame with heavy heat 
resistant rubber screwed to it for easy replacement, to 
provide an airtight seal when closed. 
0144. The orthotic device is manufactured, in another 
embodiment, using pressure forming. A pressure former is 
comprised of two clam shelf boxes arranged such that the 
top half pressure box is comprised of a five-sided box with 
an opening on the sixth side. This sixth side is covered with 
a rubber-like or elastic membrane and sealed to the rim of 
the box. This box is brought down onto another box frame 
of the same perimeter which has its sixth side open and 
facing up to meet the rubber-like membrane. Inside the 
second box, the mold shape is positioned in its cavity. A 
heated and pliable orthotic material is placed over the mold. 
The two box halves are then brought together and held tight 
with clamps. High pressure air is released into the top box 
half into the cavity volume that is sealed with the rubber 
membrane. As the pressure builds in this cavity, the rubber 
like member stretches down onto the waiting orthotic mate 
rial and forms it to the mold shape which it is resting on. The 
rubber-like member stretches sufficiently to force the 
orthotic material to take the identical shape of the mold. The 
pressure is held for a few minutes until the orthotic mate 
rial's temperature drops below its glass transition tempera 
ture. At this time, the pressure in the upper cavity is released, 
the two halves of the fixture are separated, and the molded 
orthotic shape is removed from the mold. Pressures in the 
forming cavity used typically range from 0 to 6 bar (0 to 90 
psi). 
0145. In another embodiment, the orthotic device is 
manufactured by milling from a positive foam mold. The 
process of producing the foam mold is done by milling it 
using a milling machine. The data set is derived from the 
measured data, discussed above, and manipulated appropri 
ately. This file is then converted into tooling paths which in 
turn drives the mill. The final foam shape is the shape either 
the inside or the outside of the desired orthotic shape. 
Tapers, bevels and other features are inserted outside of the 
data that represents the final shape of the orthotic that bridge 
the mold to a base so that the mold can be positioned and 
held appropriately in the pressure or vacuum forming tools. 
0146 The pins of the pin bed are covered by a material 
72 that serves to prevent the pin heads from pitting the 
finished product. The pins are moved into the desired 
position, determined from the measuring and analysis 
described above to move a patients foot into a restored bone 
state. A blank insert, i.e., a flat sheet of a selected material(s) 
to make the orthotic, is heated to a temperature sufficient to 
render it pliable for forming into the shape of the custom 
orthotic. The blank insert is positioned over material 72, and 
the vacuum box chamber in which the pin bed is position is 
closed. A rapidly produced vacuum, via pump 70 in com 
munication with vacuum chamber 68, is applied to shape the 
orthotic device. After cooling, the orthotic is removed from 
the pin bed and the edges are Smoothed, for example, using 
a carbide wheel. 

0147 In another embodiment, the orthotic is manufac 
tured using the pin bed of the device. In this embodiment, 
the computer software of the system retrieves the data used 
in the measuring and analysis of the digital anatomy to 
reproduce the identical pin configuration for manufacture of 
the orthosis, except that it is converted to a positive image. 
For example, the locked gauging elements of a pin bed can 
provide a form to serve as a positive mold for fabricating an 
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orthotic. In other words, it will assume the shape of the 
bottom of the foot with the restoration. Data for a particular 
patient is sent from the computer in the system described 
above to the pin box in the manufacturing unit, and the pins 
rise to the patient specific, restored shape. The already 
heated orthotic blank is then seated on the pin bed. 
0.148. Once the presently disclosed orthotic has been 
constructed, it can then be sandwiched between two cover 
ing materials, in one embodiment, before proceeding to 
packaging and shipping. These coverings can be individu 
alized to the patient’s tastes and needs. For example, a top 
covering of the neoprene product identified by the trade 
name Neolon(R) (Medline Industries, Inc.) enhances patient 
comfort and helps keep the foot well seated. Furthermore, a 
leather bottom enhances the fit of the orthotic in the shoe and 
minimizes movement of the orthotic within the shoe. 
Finally, both layers uniformly increase the post of the 
orthosis within the shoe. It should be noted that alternative 
top layers may be used in special situations. A top covering 
of for example a closed foam polyethylene, Such as Plasti 
ZoteR (Zotefoams, Inc), provides cushioning and is bacte 
riostatic, which may be Suited for particular patients or 
conditions. In another example, women using the orthotic 
primarily in dress shoes may prefer a top layer that is also 
made of leather that is thin and also helps keep the foot in 
place within the shoe. Other orthotic top and bottom cov 
erings may be used as they do not affect the structure and 
function of the device itself. 

0149 Materials suitable for forming an orthotic device 
are known in the art. In general, materials that form orthotic 
devices with one or more of the following properties are 
Suitable: (i) energy storage and return, (ii) thermoplastic that 
is easily molded under heat and vacuum, (iii) a tensegrity 
weave and aramid to prevent fracture, (iv) small load range 
(movement from Zero to full capacity), and (v) skid resistant 
undersurface to minimize insert movement within the shoe. 
Common materials include ethyl vinyl acetate (EVA), which 
comes in various durometers, and polymer plastics Such as 
polyethylene, polypropylene, or co-polymer plastics. 
0150. In some embodiments, an orthotic is made of a 
carbon and aramid tensegrity weave, optionally impregnated 
with acrylic and a plasticizer. Because aramid fibers have a 
short “toe region' like collagen (as seen in FIG. 1), appli 
ances manufactured from an aramid fiber, such as a bullet 
proof vest, effectively and rapidly absorb and dissipate 
force, such as force of a bullet. Graphite, which is more 
commonly used alone in rigid orthoses, dissipates energy to 
a significantly lesser degree. In another embodiment, a 
combination of two materials is used, providing an orthotic 
material which stores and returns energy (like graphite) and 
also prevents fracture (like aramid) when greatly stressed. A 
carbon-aramid weave can be impregnated with a thermo 
plastic, conveying the ability to create blanks and heat 
vacuum mold them into customized orthotics. One suitable 
thermoplastic is a semi-crystalline thermoplastic, conveying 
the ability to flex and return to its formed shape many times 
before cracking. 
0151. The weave of the carbon and aramid is preferably 
loose enough to change its conformation within the thermo 
plastic So that it can form the radii that control osseous 
position, yet it maintains a tensegrity conformation, as 
illustrated in FIG. 10, to withstand the stresses of gait, 
especially running. A tensegrity weave impregnated with a 
thermoplastic of an appropriate ratio of acrylic to plasticizer 
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gives both the required energy storage and energy returns 
within prescribed temporal limits. The presently disclosed 
orthotic materials provide energy storage and return within 
a narrow range of time Such that the arches of the foot and 
the intercuneiform linkage can function yet not collapse as 
did its previously supportive tensile structures of ligaments, 
tendons and fascia. 

0152. In another aspect, an orthotic device is provided. 
The device is preferably designed according to the methods 
described herein, and/or the system described herein. The 
orthotic device preferably has a minimum of three layers: a 
top and bottom cover and a custom molded center. An 
exemplary orthosis 130 is illustrated in FIGS. 13 A-13C. 
With initial reference to FIG. 13A, the medial and lateral 
sides of the device are indicated at 132, 134, respectively. 
The proximal end, where the calcaneus bone, or heel, of the 
foot sits, is indicated at 136, and the distal end is indicated 
at 138. As best seen in FIG. 13B, where a skeleton of a foot 
is shown placed on the exemplary orthotic device, the 
orthotic device is sized such that the distal end terminates 
approximately at the metatarsophalangeal joints of the foot, 
indicated at 144. That is, the custom molded center layer is 
sized to extend from the proximal end of the foot (e.g., the 
proximal surface of the heel) to a terminus defined by a line 
running approximately /3 of the metatarsal's length proxi 
mal to the first metatarsal head, just proximal to the second, 
third and fourth metatarsal heads tapering back So it is 
approximately /3 of the metatarsal's length proximal to the 
fifth metatarsal head producing a support for the transverse 
metatarsal arch. It will be appreciated that in other embodi 
ments, the device can be sized to extend from the proximal 
end of the foot to contact all or a portion of the phalanges. 
0153. With reference again to FIG. 13A, arrow 140 
designates a line drawn on the orthotic device that denotes 
the region and contour of the orthotic device that is referred 
herein as the "saddle of the orthotic and identified by arrow 
146. This area is custom molded to reduce or eliminate any 
abnormal plantar tilt of the calcaneus, i.e. control the cal 
caneus in the Sagittal plane. This is needed because the 
calcaneus plantar flexes as plastic deformation occurs in the 
long and short plantar ligaments causing incongruency of 
the calcaneocuboid joint with that joint space widening 
along its plantar surface. When the calcaneus is lifted back 
to its correct position, the calcaneocuboid joints congru 
ency is restored. Also seen in FIG. 13A is a marked region 
142 that is referred to herein as the “LCNC Dynamic Post”. 
The LCNC Dynamic Post region of the device is a convex 
area, with the base of it defined by four points, designated as 
1, 2, 3, 4, in FIG. 13 A: 1) the most inferior part of the head 
of the first metatarsal, 2) a calculated point between the most 
inferior parts of the fourth and fifth metatarsal heads, 3) the 
most inferior point of the lateral side of the calcaneocuboid 
joint, and 4) the most inferior point of the medial side of the 
calcaneocuboid joint. The apex of the LCNC Dynamic Post 
is defined by the highest point on the undersurface of the 
second metatarsal, which lies about one third of the way 
proximal to the second metatarsal head. It will be appreci 
ated that the LCNC Dynamic Post varies in size depending 
on the patient. In FIG. 13B, it is seen that the saddle 146 is 
under the transverse tarsal arch and the LCNC Dynamic Post 
is under the metatarsals (arrow 148). 
0154 Based on the foregoing, and in particular with 
respect to FIG. 12 and FIGS. 13 A-13B, it can be appreciated 
that the orthotic device contemplated herein is, in one 
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embodiment, shaped and/or contoured to comprise a con 
vexity herein referred to as the LCNC Dynamic Post (see 
region denoted by the dashed line indicated at arrow 120 in 
FIG. 12), such that the convexity supports at least the Lateral 
Cuneiform, Navicular and Cuboid bones, i.e. the LCNC 
complex, but does not lock it into one position, thus allowing 
the LCNC complex to function normally during gait. The 
orthotic device, in another embodiment, is designed and 
shaped to achieve a restored bone state by Supporting the 
LCNC complex. In yet another embodiment, the orthotic 
device is designed and shaped for an individual Subject to 
achieve a restored bone state by supporting the LCNC 
complex and/or one or more bones in the midfoot region, by 
a convex region on the device situated for Such Support. 
0.155. In another embodiment, the orthotic device is con 
toured with a Sagittal plane convexity in what is herein 
referred to as the “Saddle', to provide a supportive area in 
front of (distal to) the heel cup. The convex support structure 
of the Saddle functions to support the calcaneus in the 
sagittal plane and the cuboid bone which helps to restore 
congruency of the calcaneocuboid joint, and helps to Support 
the LCNC complex along with the LCNC Dynamic Post. 
0156 Another feature of the orthotic device is the radii or 
radius of curvature, i.e., the amount of curvature, imposed on 
the orthotic material, particularly in the convex and concave 
regions of the device. The radius of curvature of the convex 
regions, and in Some cases any concave regions, is selected 
to lend strength and Support yet prevent cracking and failure 
of the orthotic material. The radius of curvature of the 
convex and concave regions of the device are specifically 
placed and shaped to provide dynamic Support to selected 
foot structures, mimicking the viscoelastic properties similar 
to human ligaments, which restores joint congruency and 
allows restored foot motion to occur. 

0157. The device, in another embodiment includes one or 
more concave regions, for example, a heel cup in which the 
calcaneus rests. In a preferred embodiment, the heel cup is 
unique in that it is used to hold the heel (calcaneus) in the 
correct position in the Sagittal plane so that the calcaneo 
cuboid joint and the LCNC complex will be congruent. In 
contrast to prior art orthotics that have heel cups, the 
concave heel cup region of the present device is contoured 
Such that movement in the frontal plane is not prevented. 
This heel cup is not designed to lock the subtalar joint (STJ) 
into a neutral position as is often done in prior art rigid or 
semi-rigid orthotics. Instead, the heel cup and Saddle Sup 
port the restored position of the calcaneus in the Sagittal 
plane restoring congruency to the Subtalar joint and allowing 
it to move physiologically in the frontal plane. 
0158. From the foregoing, it is appreciated that the func 
tional uniqueness of the orthotic device described herein 
provides a process of restoring bone positioning and restor 
ing joint congruency, and to allow normal foot motion and 
function during gait. Orthotics known in the art prior to the 
device described herein were typically rigid and acted like a 
splint to hold the foot in a position that maintains Subtalar 
neutral. Such orthotics do not allow normal foot motion or 
function to take place. Any initial pain relief is generally due 
to the splinting effect of painful joints by the rigid orthotic. 
The other broad category of orthotics, accommodative 
orthotics, is soft and does not support joint congruency and 
does not restore normal foot function. Lastly, prior art 
semi-rigid orthotics are no more than a compromise between 
a rigid orthotic that is painful during gait and a soft, 
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accommodative orthotic that provides cushioning but lacks 
support. None of these prior art orthotics restore joint 
congruency or physiologic foot function 

0159. With reference to FIG. 13C, the orthotic device is 
shown in side view. As seen, the trim line of the orthotic may 
be turned upward, as indicated by the region encompassed 
by arrows 150a, 150b, 150c, 150d. While many orthoses can 
and do have this type of trim line, the orthotic of the present 
application differs in that the high lateral trim line and the 
imposed radii, in conjunction with the device fabricated 
from a tensegrity-weave material acts to give the orthotic 
added rigidity and strength. Preferred exemplary weave 
material are described in U.S. Pat. No. 4,774,954 and U.S. 
Pat. No. 4,778,717, which are incorporated by reference 
herein. The composite materials are prepared from two 
layers of fabric material comprised of fibers of carbon, glass 
or aramid, where the layers can be woven threads, unidi 
rectional fibers or random Strand mats. The resulting mate 
rials are rigid, thin, and lightweight. A core of a thermo 
plastic material. Such as an acrylic material, is included in 
the composite material to render the material thermoplastic. 
Another composite material is made of layers of woven 
fabric and biaxially reinforced fibers, the layers being 
bonded together with a thermosetting adhesive (see, U.S. 
Pat. No. 4,774,954). Materials for the fibers include, but are 
not limited to, the synthetic aramid fiber identified by the 
trademark Kevlar R, graphite, and e-glass. Another exem 
plary foot orthotic device is illustrated in FIGS. 14A-14F. 
Orthotic device 170 is formed of a substrate 171 that has a 
proximal heel region 172, with a concave contour to accept 
the heel of a patient’s foot. The shape and extent of the 
concavity in region 172 is designed, in Some embodiments, 
to achieve congruency between the LCNC complex and the 
calcaneocuboid joint. A distal region 174 of the device is 
designed and sized for a custom shape with the terminal 
edge 176 of the device terminating at approximately the 
metatarsophalangeal joints of the foot, when the device is in 
contact with a foot. As seen, terminal edge 176 in this 
exemplary device is not a straight or gently curved edge, but 
undulates, as best seen in FIG. 14A and FIG. 14C, to achieve 
an individualized point of contact with one or more foot 
structures for a particular patient requiring a particular 
repositioning of a mid-foot bone. The undulation of edge 
176, in this embodiment, provides a projection region 178, 
best seen in FIG. 14C, that provides contact with, and foot 
structure adjustment to, one or all of the second, third or 
fourth metatarsals and allows the first and fifth metatarsal 
heads to have contact with the ground thus restoring the 
transverse metatarsal arch. A convexity 180, best seen in 
FIG. 14D, is present in the projection region 178 to achieve 
the desired adjustment to the foot structures. 
(0160. With continuing reference to FIGS. 14A-14F, 
device 170 also includes a convex region 182, seen best in 
FIG. 14F, that correspondingly engages the Saddle region of 
a foot, to adjust and reposition a particular midfoot structure, 
preferably a bone in the midfoot, to restore congruency to 
foot bones that are determined by the method described 
herein to be out of congruency. Medial side 184 of device 
170 is contoured, as seen in FIGS. 14C and 14F, to engage 
the arch of the foot. It will be appreciated that the extent of 
curvature in the region of the device that contacts the foot 
arch can be tailored for individual patient foot shapes and 
needs. 
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0.161 It will be appreciated that the foot orthotic devices 
illustrated in FIGS. 13-14 are exemplary, and that the actual 
contour of the device will vary accordingly for particular 
patients. The devices as shown are in the form of an insert 
that can be removably placed in footwear. However, foot 
wear designed with a non-removable or permanent sole that 
acts as the custom, individualized foot orthotic is contem 
plated. In one embodiment, the orthotic device is a unitary 
structure, which intends that the device is not a laminate 
device or is a footwear having a permanent sole that is the 
orthotic device. Orthotics designed in accord with the meth 
ods and systems described herein are also contemplated for 
use in any orthopedic device, including but not limited to 
casts of a lower extremity. It will also be appreciated that the 
methods and systems described herein can be used to design 
a shoe last, for manufacture of a shoe having a sole cus 
tomized for a patient and that positions one or more bones 
in the patient’s foot into a restored bone state. 
0162. It can be appreciated that the methods and systems 
for designing a foot orthotic, and the foot orthotic device, are 
not limited to any particular disease, condition, or patient 
complaint. However, in some embodiments, treatment of 
specific patients and/or conditions is contemplated. In one 
embodiment, a person Suffering from diabetes mellitus and 
experiencing a foot ulcer is treated according to the method 
and system described herein. A digital anatomy of the foot 
is obtained, and a restored bone position is determined that 
will relieve pressure during walking and standing in the foot 
ulcer region. An orthotic device is manufactured that posi 
tions the foot bones in the restored bone position, thus 
alleviating pain during walking and standing, and permitting 
the ulcer to heal. 
0163. In another embodiment, a patient presenting with a 
Morton's neuroma is treated according to the method and 
system described herein. A digital anatomy of the foot is 
obtained, and a bone position is determined that will relieve 
pressure during walking and Standing in the foot ulcer 
region. An orthotic device is manufactured that positions the 
foot bones in a restored bone position, thus alleviating pain 
during walking and standing, and permitting the ulcer to 
heal. In other embodiments, the methods, systems and 
orthotic device described herein are used to treat foot 
disorders in athletes, such as plantar fasciitis or Achilles 
tendonitis, to treat adult acquired flat foot syndrome, to treat 
gait or foot disorders associated with neurological disorders 
Such as multiple Sclerosis, muscular dystrophy, cystic fibro 
sis, and to improve gait in amputees. 
0164. It will be appreciated that the methods and systems 
described herein are not limited to design of orthotic 
devices, but are additionally contemplated for use more 
generally in evaluating bones, joint, and tissues anywhere in 
the body. For example, the methods and systems can be 
applied to the wrist or arm, for example in a patient 
complaining of carpel tunnel syndrome, or to the back in a 
person with back pain. Use of the methods and systems to 
obtain a digital image of any body region is contemplated, 
and exemplary embodiments include but are not limited to 
the knee, the ankle, the hip, the elbow, a finger, the shoulder, 
the neck, etc. 
0.165 FIG. 15 is a block diagram showing some of the 
components typically incorporated in at least some of the 
computer systems and other devices performing the 
described methods. These computer systems and devices 
1300 may include one or more central processing units 
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(“CPUs) 1301 for executing computer programs; a com 
puter memory 1302 for storing programs and data while they 
are being used; a persistent storage device 1303. Such as a 
hard drive for persistently storing programs and data; a 
computer-readable media drive 1304, such as a CD-ROM 
drive, for reading programs and data stored on a computer 
readable medium; and a network connection 1305 for con 
necting the computer system to other computer systems, 
Such as via the Internet. While computer systems configured 
as described above are typically used to support the opera 
tion of the facility, those skilled in the art will appreciate that 
the facility may be implemented using devices of various 
types and configurations, and having various components. 

III Examples 
0166 Aspects of the present teachings may be further 
understood in light of the following examples, which should 
not be construed as limiting the Scope of the present teach 
ings in any way. 

Example 1 

Measurement of a Patient’s Foot to Obtain a 
Digital Anatomy 

0167 A patient experiencing pain in the left foot during 
physical activity is provided. The patient is seated and her 
bare foot is placed, under minimal weight-bearing condi 
tions, on a foot platform having a pin bed comprised of an 
array of independently moveable pins. The pins within the 
pin bed are moved up toward the plantar surface of the foot 
by means of servos under control of a computer. A baseline 
reading of the patients foot is acquired with the pins gently 
touching the plantar surface of the foot. The “ball of the 
heel and first and fifth metatarsal heads ideally results in 0.0 
mm pin elevation. In some embodiments, the pins are flush 
with the surface of the bed with the baseline reading taken 
when a small amount of pressure (that will not displace any 
Soft tissue) is applied to the pins to elevate them just enough 
to touch the plantar surface of the foot. Pin height is 
displayed in small increments (0.10 to 0.05 mm) and mea 
surement of pin elevation is used by the computer software 
to produce graphic representations, such as that shown in 
FIG. 4A, or a three-dimensional wireframe image Such as 
that shown in FIG. 4B. 
0168 Then, a selected pressure is applied individually to 
each pin or groups of pins to achieve compression of the soft 
tissue on the plantar surface of the foot to a uniform density 
per pin head which is dictated by the underlying osseous 
structures and the thickness and density of the Soft tissues. 
For example, even though all pins are under the same 
pressure, a pin that pushes into an area of the foot that has 
a thin covering of soft tissue over a bone will elevate a 
Smaller amount than a pin that presses into a thick area of 
Soft tissue that does not have underlying bone. Measure 
ments of pin elevations under the selected pressure are used 
by the software to produce graphic representations of the 
foot. Measurements of pin elevation may be taken under 
multiple pressures to create a series of graphic representa 
tions. 

Example 2 

Analysis of a Digital Anatomy 
0169. A patient’s foot is placed on a foot platform com 
prising a pin bed. A pressure is applied to the pins in the bed 
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to compress the soft tissue on the plantar surface of the foot 
to create a uniform density of tissue per cubic centimeter at 
each pin head Surface. The computer program collects pin 
height for each pin and analyzes the information to deter 
mine bone positions of the foot, first assessing the shape of 
the inferior surface of the calcaneus. As seen in FIG. 4A, the 
inferior surface of the calcaneus in a healthy or restored foot 
is a circular shape. If the calcaneus is not in an ideal position, 
the shape will appear as an oval indicating that the calcaneus 
is plantar flexed, as visible in the contour plot of the foot in 
FIG. 5A. The computer then uses this data to conduct an 
analysis of the foot, using the following exemplary tech 
nique based on the digital image shown FIG. 6A. 
0170 The computer constructs four lines starting with an 
image of scanned foot, as shown in FIGS. 6B-6F: 
(0171 Line 1 (Identified in FIG. 6C as Solid Line 1): 
0172. The computer software will automatically fit an 
oval over the part of the calcaneus closest to the ground and 
use its long axis to define Line 1. 
(0173 Line 2 (Identified in FIG. 6D as Solid Line 2): 
0.174. The computer software identifies the hourglass 
shape of the cuboid, as indicated in FIGS. 6B-6F, by the 
dashed trapezoidal shaped on the digital image correspond 
ing to the position of the cuboid, and draws a reduction line 
through the middle of the proximal end of the cuboid, 
through the middle of the distal end of the cuboid, bisecting 
the proximal and distal surfaces of the cuboid. This line is 
identified in FIG. 6D as Line 2. 
(0175 Line 3 (Identified in FIG. 6E as Solid Line 3): 
0176 The computer software draws a line in the space 
between the fourth and fifth metatarsals of the foot (between 
the fourth and fifth rays). The software will determine the 
locations of the bases and the heads of the fourth and fifth 
metatarsals, as illustrated by the region denoted by the 
dotted line in FIG. 6B. The computer software then draws a 
line between the fourth and fifth metatarsals using the two 
points that lie between the fourth and fifth bases and heads, 
respectively. This line is identified as Line 3 in FIG. 6E. 
(0177 Line 4 (Identified in FIG. 6F as Solid Line 4): 
0.178 The computer draws a reduction line calculated by 
the software from the center points of the five metatarsal 
heads. This line is identified in FIG. 6F as Line 4. 
(0179 The Transverse Metatarsal Angle (TMA) is an 
angle created by the intersection of Lines 3 and 4, indicated 
in FIG. 6F as “theta', and should be 90° in the ideal 
physiological setting. The Software uses these four lines 
along with pin elevation data to determine how to move the 
bones of the foot so that lines 1, 2 and 3 will become 
Superimposed and so that line 4 intersects the three Super 
imposed lines at approximately a 90° (+/-3°) angle, creating 
a custom simulation of the repositioning of the bones of the 
foot. If additional imaging is used, this data is Supplemented 
to the pin box data. 
0180. The Heel Cup: 
0181. The computer software then measures the angles 
formed by the lateral and medial sides of the calcaneus as 
they relate to the ground. This evaluation is most clearly 
seen in the graphical representations shown in FIGS. 4B and 
5B. The goal is for the angles created by each side of the 
calcaneus as it relates to the ground to be equivalent, while 
the lateral side of the calcaneus can only be elevated to the 
point where the calcaneocuboid (CC) joint remains/becomes 
congruent. Moving the lateral side of the calcaneus to be 
more perpendicular to the ground will increase the angle of 
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the medial or lateral longitudinal arches. The increase in 
arch angle is usually much greater on the medial side. If this 
proves to be uncomfortable for the patient, the computer is 
programmed to incrementally decrease the elevation of the 
medial arch. 

Example 3 

Analysis of a Digital Anatomy 

0182. A digital anatomy of a foot is obtained as described 
in Example 1. Three series of calculations are performed by 
the system software to design a restorative foot orthotic 
device. 
0183 First, the calcaneocuboid (CC) and LCNC congru 
encies are calculated by drawing and evaluating several lines 
which transect 1) the long axis of the calcaneus footprint, 2) 
the axis formed from the bisection of the proximal and distal 
surfaces of the cuboid, 3) the space between the fourth and 
fifth rays (which will exhibit a deviation if the calcaneo 
cuboid joint is dysfunctional). Additionally, a reduction line 
is drawn through the curve of the metatarsal heads that 
should bisect a line going through the lateral column in a 
nearly perpendicular fashion. Second, the software program 
defines the angle of the calcaneus and defines the heel cup. 
Third, the software program delineates the area under the 
midfoot to be supported by LCNC Dynamic Post, now to be 
described with reference to FIG. 12. In FIG. 12, the posi 
tioning of the LCNC Dynamic Post begins with defining a 
semi-circle where the calcaneal apophysis sits by identifying 
the upward angle of the calcaneus ending at the transverse 
tarsal joint where the cuboid and navicular articulate with 
the calcaneus. This corresponds to the area of the oval 
identified by arrow 120 in FIG. 12. Oval 120 seen in this 
figure correspondingly aligns mostly with the cuboid bone, 
as the rounded inferior surface of the navicular becomes part 
of the proximal medial longitudinal arch. The golf club 
head-shaped area delineated by the dotted line identified by 
arrow 122 is the major supportive structure of the LCNC 
Dynamic Post. Its apex corresponds to the metatarsal apex 
under the second and third metatarsals. The angles of 
descent and elevation in the LCNC Dynamic Post are unique 
to each foot, but the golf club head-shaped area mirrors the 
foot in an ideal, stable position. Thus, the post need not hold 
the weight of the body, but rather it holds the articulations 
of foot bones in a congruent position as the foot holds the 
body weight. The LCNC Dynamic Post becomes flat 
abruptly at the metatarsal heads, shown as the five oval solid 
circles in FIG. 12, designated 124a, 124b, 124c. 124d. 124e. 
This corresponds to the curved club-shape of the metatarsal 
heads (in the Sagittal plane) and allows free weight distri 
bution from one metatarsal head to the next during gait. 
While not wishing to be bound by any particular theory, it 
is believed that the larger surface area present at the first 
metatarsal head is likely explained by the larger diameter of 
the first metatarsal head and, when considered with the 
sesamoid bones, this diameter approximates double the 
diameter of the second metatarsal. This information can be 
displayed to the practitioner on a computer screen and/or it 
can be saved on digital media. 
0184 For restoration of the calcaneocuboid (CC) joint 
and LCNC complex congruencies, the computer calculates 
the bone movement needed to make Lines 1, 2 and 3 
illustrated in FIGS. 6B-6F congruent and to achieve a TMA 
of 90°. The LCNC Dynamic Post can also be defined by the 
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computer and an orthotic can be custom shaped to ensure the 
arches Support themselves rather than requiring the arches to 
bear weight as in currently available functional orthoses. 
The initial base of the LCNC Dynamic Post can be deter 
mined by four points that are acquired and calculated by the 
system: (a) the most inferior part of the head of the first 
metatarsal; (b) a calculated point between the most inferior 
parts of the fourth and fifth metatarsal heads; and (c) the 
most inferior point of the lateral side of the calcaneocuboid 
joint. By restoring the tarsal bones positions, the foot can 
function in a more physiologically optimal manner, flexing 
and locking when required. 
0185. The apex of the LCNC Dynamic Post can be 
identified using pin bed data, placing the apex of the ridge 
at the highest point on the undersurface of the second 
metatarsal. This point lies about one third of the way 
proximal to the second metatarsal head. 
0186 The first metatarsal head along with its sesamoid 
bones are weight bearing structures that do not require 
orthotic Support and must be at ground level for proper 
toe-off. The computer Software program can Subtract out this 
area and bring the pins down to Zero elevation after the 
initial base of the LCNC Dynamic Post is established. 
0187 Thus, the computer can establish an outline of the 
final base of the LCNC Dynamic Post, wherein the outline 
curves proximal to the head of the first metatarsal. The 
three-dimensional shape of the LCNC Dynamic Post can be 
created by the computer connecting all the above points on 
the final base outline back to the apex (described above) by 
following the curvature of the overlying corrected bones. 
0188 For restoration of the heel cup, the computer can 
measure the lateral and medial calcaneal angles. If they are 
not roughly equivalent, the computer can vary the configu 
ration of the LCNC Dynamic Post. 
0189 Using the methods and system described herein, 
the computer can analyze and evaluate trade-offs for the 
recommended design of a custom orthotic. 

Example 4 

Design of an Orthotic Device 
0190. A system can be used for design of an orthotic 
device, wherein the system comprises a foot-measuring and 
analyzing bed or platform having a plurality of individually 
moveable gauging elements such as pins, wherein the gaug 
ing elements are moveable when in contact with a foot 
placed on the bed or platform and can be moved to a desired 
position; and a computer program for analysis of a digital 
anatomy and evaluation of the relationship between two or 
more bones in the foot, and for determining an adjustment 
to one or more gauging elements of the foot-measuring and 
analyzing bed or platform; and, optionally, a display capable 
of displaying digital anatomy of the foot. 

Example 5 

Manufacture of an Orthotic Device 

0191 The manufacturing instrument can be a pin box, as 
illustrated in FIG. 11, for example. Other features of the 
manufacturing instrument can include: (i) pins covered by a 
durable, Smooth and pliable material (Such as a tensegrity 
weave material, rubber, etc.) that will conform to the specific 
pin configurations from many patients, and thick enough to 
prevent the pin heads from pitting the finished product. The 
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computer will compensate for this thickness; (ii) pins which 
can be moved into position by the computer and locked in 
place; and (iii) a blank insert (Such as a flat sheet of the 
material(s) being used to fabricate the orthotic) which will 
be heated to a temperature (dependant on the material) to 
confer pliability sufficient to allow the material to be pressed 
into the shape of the custom orthotic. The blank insert can 
be positioned on top of the covered pins, the housing of the 
manufacturing instrument closed, and a rapidly produced, 
strong vacuum applied to shape the orthotic. After cooling, 
the orthotic is removed from the machine and the edges can 
be smoothed using a carbide wheel. 

Example 6 

Treatment Plan 

(0192 Patient #1: Chief complaint: A 66 year old white 
male presented with bilateral foot pain for an unknown 
period of time which had gradually increased to a severe 
burning and aching pain associated with Swelling, tingling 
and some weakness. 
(0193 History of the chief complaint: Patient denied 
specific injury and Stated the pain gradually and progres 
sively increased over a period of months. The pain was 
partially relieved with stretching the foot, rest, and exercis 
ing the foot. The pain was worsened by prolonged exercise, 
sitting for a long period of time, prolonged walking (for 
example after the first few holes of a round of golf), and 
Standing upright. 
(0194 Prior treatment for the chief complaint: Patient 
used custom functional orthoses on both feet and arrived for 
evaluation wearing them in both shoes. He admitted to 
continued pain while wearing the orthotics. 
0.195 Past medical history: High blood pressure, benign 
prostatic hypertrophy, renal adenoma. Past Surgical History: 
Bilateral inguinal hernia repairs. 
0196. Physical Exam: General appearance: Healthy, well 

built, and appeared to be in some discomfort. Feet: There 
was 1+(on a 0 to 3+ scale) non-pitting edema to both feet 
with a few petechiae near the ankles, callous formation at the 
heel, medial to the first metatarsal head and lateral to the fifth 
metatarsal head. The feet were hypermobile between the rear 
foot and mid foot. Because of this hypermobility, his medial 
and lateral columns were dysfunctional and the foot was 
pronated. Pulses and sensation were intact bilaterally. Back: 
Mild lower lumbar tenderness without swelling or decreased 
range of motion. The remainder of the physical exam was 
unremarkable. 
(0197) Diagnosis: 
1. Plantar fasciitis 
2. Hypermobility of the midfoot 
3. Functional hallux limitus 
4. Mild tarsal tunnel syndrome. 
0198 Clinical Course: 
0199 The patients feet were manipulated to restore ideal 
congruency to the joints of the midfoot and first ray of the 
foot. This was performed by raising and rotating the cuboid 
while also elevating the navicular and lateral cuneiform until 
congruency was established. 
0200. The patient was then scanned on a pin bed 
machine. The left foot Scanned as being in ideal congruency 
but the right foot showed that the lateral column was still 
depressed. The right foot was re-manipulated using an 
impulse adjusting instrument. The foot was then re-scanned 
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and showed congruency within normal limits. Both feet 
were taped and the patient was instructed how to do this 
himself at home until the orthotics could be delivered to him. 
0201 Orthotics were manufactured according to methods 
disclosed herein. Until the orthotics were delivered, the 
patient continued to tape his feet and reported excellent 
results including the ability to walk and play 18 holes of golf 
without foot discomfort for the first time in years. 
0202. Upon beginning wearing the orthoses, the patient 
reported continued relief of his symptoms. After three weeks 
of orthotic use, the patient continued to report relief of 
symptoms and continues to wear the orthotics daily. 

Example 7 

Treatment Plan 

(0203 Patient #2: Chief complaint: A 46 year old white 
female complained of severe bilateral, aching pre-tibial area 
pain and mild aching foot pain. 
0204. History of the chief complaint: The patient reported 
the pain began in July 1991 while she was standing and 
walking for prolonged periods of time over consecutive days 
in her position as a medical resident. Secondary symptoms 
included moderate aching neck and upper back pain which 
were present since 1979 but worsened after onset of the foot 
symptoms. Symptoms were worsened by Standing and walk 
ing. Symptoms were relieved by rest and elevation of the 
feet. 
0205 Prior treatment consisted of non-steroidal anti 
inflammatory agents. The patient had never worn orthotics. 
0206 Past medical history and past surgical history were 
unremarkable. 
0207 Medications: Patient used non-steroidal anti-in 
flammatory agents as needed for foot or neck pain. 
0208 Physical Exam: General appearance: Healthy, well 
nourished, physically fit and in no distress. Legs and Feet: 
Both feet appeared normal with the exception of a mild 
callus under the third metatarsal head. There was 1+(on a 0 
to 3+ scale) pre-tibial swelling with shiny skin and mild 
tenderness in that area. The feet were not swollen and had 
normal sensation. However, pedal pulses were slightly 
decreased (3+ out of 4) bilaterally. The patient had bilateral 
medial-posterior tibial tenderness indicative of shin splints. 
Plantar and dorsiflexion of both feet were uncomfortable at 
the extremes. Both feet showed intact medial and lateral 
columns but the linkage between them was partially broken 
down (the LCNC Complex was dysfunctional). Neck and 
Back: Increased lordotic and kyphotic curves to the neck and 
back. There was mild thoracic back tenderness. The rest of 
the exam was unremarkable. 
(0209 Diagnosis: 
1. Plantar fasciitis 
2. Chronic anterior compartment syndrome 
3. Pathologic gait 
4. Cervical and thoracic myofascial pain 
0210 Clinical Course: 
0211 Effleurage of both legs was performed followed by 
manipulation of both feet with the goal of improving joint 
mobility. Manual manipulation elevated and rotated the 
cuboid while also elevating the navicular and lateral cunei 
form such that joint congruency was attained in the midfoot 
and lateral column. The feet were scanned on a pin bed 
machine and were found to be within normal limits. 
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0212. The patient’s feet were then taped and the patient 
was instructed how to tape them herself at home until the 
orthotics could be manufactured and delivered. 
0213 Orthotics were manufactured according to methods 
disclosed herein. After delivery of the orthotics, the patient 
went on a ski trip but did not use the orthotics or tape while 
skiing. She reported severe pain while skiing. After return 
ing home, the patient inserted the orthotics in New Bal 
anceTM athletic shoes and reported complete relief of all 
symptoms within one day. After two weeks of orthotic use 
the patient reported continued relief. 
0214. While various embodiments have been illustrated 
and described by way of example, it is not intended that the 
present teachings be limited to such embodiments. Although 
specific terms are employed herein, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation. Similarly, various changes can be made to the 
teachings without departing from the spirit and scope of the 
present teachings. Thus, the present teachings encompass 
various alternatives, modifications and equivalents, as will 
be appreciated by those of skill in the art. 
0215 All literature and similar materials cited in this 
application, including, but not limited to, patents, patent 
applications, articles, books, treatises, internet web pages 
and other publications cited in the present disclosure, 
regardless of the format of such literature and similar 
materials, are expressly incorporated by reference in their 
entirety for any purpose to the same extent as if each were 
individually indicated to be incorporated by reference. In the 
event that one or more of the incorporated literature and 
similar materials differs from or contradicts the present 
disclosure, including, but not limited to defined terms, term 
usage, described techniques, or the like, the present disclo 
Sure controls. 
What is claimed is: 
1. A system, comprising: 
a plurality of movable elements for contact with a plantar 

Surface of a foot, each element in said plurality capable 
of independent movement under control of the system 
for contact with a first region of the plantar Surface at 
a first pressure and a second region of the plantar 
Surface at a second pressure. 

2. A system, comprising: 
a plurality of movable elements defining a surface for 

receiving a planar Surface of a foot, each movable 
element in the plurality independently movable under 
control of the system for contact with the plantar 
Surface with at least a first pressure and a second 
pressure, wherein at least one of the first pressure and 
second pressure is Sufficient to displace a bone in the 
foot. 
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3. A system, comprising: 
an array comprising a plurality of moveable elements, 

said elements moveable when in contact with a foot 
placed on said array, wherein at least two elements in 
the array are moveable independently at different pres 
Sures under control of the system to engage a plantar 
surface of the foot to displace a bone in the foot; 

a display capable of displaying a digital anatomy of the 
foot; and 

a computer program, for analysis of the digital anatomy 
and evaluation of the relationship between two or more 
bones in the foot, and for determining a pressure 
adjustment to be applied to a movable element. 

4. A foot orthotic device, comprising: 
a Substrate having an upper Surface for contact with a 

plantar Surface of a foot, the Substrate having a proxi 
mal end that underlies the heel of the foot and a distal 
end that underlies at least a midfoot region of the sole 
of the foot, and 

a configuration that is convex in the Sagittal plane and 
concave in the frontal plane positioned on the Substrate 
to Support the lateral cuneiform-navicular-cuboid 
(LCNC) complex. 

5. The device of claim 4, wherein the configuration is 
defined by a convergence of an apex of the convexity in the 
Sagittal plane and a nadir of the concavity in the frontal 
plane. 

6. A method to design an orthotic device, comprising: 
obtaining a digital anatomy of a patients foot by applying 

pressure in a sequential series to localized regions on a 
plantar surface of a patients foot, wherein differing 
pressures are applied to the localized regions in each 
step of the sequential series, and wherein at least one 
applied pressure is Sufficient to displace a bone in the 
foot to a restored bone state; and 

designing an orthotic device based on the obtained digital 
anatomy. 

7. A method for determining an orthotic profile, said 
method comprising: 

applying pressure to a localized regions on a plantar 
surface of a patient’s foot, wherein the pressure is 
sufficient to displace a bone of the foot to a restored 
bone state; 

obtaining positional information about the foot when the 
bone is in the restored bone state; and 

determining an orthotic profile based on the positional 
information. 


