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(54) Title: FLEXIBLE INTRAMEDULLARY NAIL

FIG. 1

(57) Abstract: A flexible intramedullary nail is disclosed that is manufactured from a biocompatible rigid material and having a sub -
stantially cylindrical hollow body, a leading segment with an entry hole at a distal end and at least one securing means and a trailing
segment having a trailing edge and an attachment mechanism. The body has at least one flexible center section, each having at least
one slot to provide flexibility, in one embodiment the at least one slot follows a sinuous, serpentine path to form a plurality of inter -
locking teeth that can follow a helical or a concentric path. Each of the slots has a proximal end and a distal end, with the proximal
end being spaced from the trailing segment and the distal end being spaced from the leading segment. When multiple slots are incor-
porated, the proximal end of a slot is spaced from a distal end of a subsequent slot. The first of the at least one flexible center section
and a second of the at least one flexible center section can be separated by a non- slotted section. The nail can be used with a tlexible
insertion shaft or a locking shatt.
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FLEXIBLE INTRAMEDULLARY NAIL

FIELD OF THE INVENTION

{1] The present invention relates generally 1o the treatment of bone fractures
and pertains, more specifically, to the fixation of fractures in long bones in the body.
BACKGROUND OF THE INVENTION

{21 Long hones are those greatly elongated bones such as the femur or tibia
that are found in 8 human orin an animal. When a long bone is fractured, the
surgeon immobilizes the various bone segments relative to one another to promote
healing of the fracture. The immaobilization or fixation of the segments is
accomptished by the use of one of more rigid devices that span the fracture site and
are located either external to the body or internally on the bone surface or inside the
bone canal.

{3] This invention of a flexible intrameduliary fixation device was first proposed
and submitted to the National Instifutes of Health as a Small Business innovation
Research proposat "Retfrograde Femoral Reconstruction Fixation System” on August
14, 1997 and assigned Application Number 1R43 AR45345-01. A revised
application, # 1R43 AR45345-01A1 was resubmitted on April 14, 1898, The
applications describe a flexible intramedudlary nail that is inserted into the meduliary
canal of a long bone 1o align and stabiize the fracture by providing proximal and
distal locking.

{4] External fixation devices are typically localed outside of the body, with the
only componentis that enter the body and bone being metal pins. One such extemal
device is known as a Hoffmann device. Another such device is known as a Brooker
frame. Both are characterized by plural pins lodged in each bone segment. The pins
are oriented transversely {o the bone and exit the body. Frames that are exterior (o
the body connect the pins together. External devices not only prohibit movement of
the bone segments relative to one ancther, but they also provide longitudinal
compressive force on the bone segments, causing the segments to contact one
another at the fracture site. Such compressive contact between the bones segments
is desirable because i creates a physiclogical stimulus to unite the bone segments.

However, external devices have many problems External devices are difficuit to
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manipulate to achisve the desired compressive force. Also, once the devices are set
in the desired position, they can be inadvertently manipulated. Furthermore, external
devices are inconvenient for the patient and present an increased chance of infection
along the metal pins that penetrate the skin and underlying tissue.

{5] internal fixation devices include either cortical plates which are located on the
exterior of the bone cortex or intramedullary nails which are located in the bone's
intramedullary canal. The cortical plates are implanted surgically in a single
operation and usually require an extensive operative procedure and exposure of the
bone. Cortical plates, which are fastened to the bone cortex by screws, can apply
slight compression to the bone segments. However, cortical plates are applied at the
fracture site, camry the risk of infection and excessive biood loss and require
extensive surgical exposure. Intrameduliary nails are stainless steel or titanium rods
that are inserted within the central, medullary canal of the bone, span the fracture
site and are locked in place above and below using screws. The nail can be either
drivern from the proximal end to the distal end {(antegrade} or from the distal end to
the proximal end {retrograde). Prior art nails include Schneider nails, Kuntscher nails
and Ender nails. Schineider nails are longitudinally fluted rods with small teeth on the
ends. The teeth allow a trough to be cut as the nail is driven down the canal.
Kuntscher nails are holtow rods with longitudinat flutes. Intrameduliary nails range in
diameter from 9 to 16 millimeters in diameter. Ender nails are flexible rods 2 t0 3
mitlimeters in diameter or diamond shaped rods that may be curved. Intrameduliary
nais reduce the risk of infection since there is no continued penetration of the skin
and are inserted away from the fracture site. Intramedullary nails also prevent
inadvertent manipulation. However, prior art intramedullary nails fail to provide
compressive force along the length of the bone.

6] The use of intrameadudiary nails or rods has become the standard method for
the treatment of fractures, malunions and non-unions of long bones, .e., the femur
and tibia in the lower extremities and the humerus, radius and ulna in the upper
extremities. The typical surgical procedure for such treatment involves the insertion
or implantation of 2 nail or rod into the intramedullary canal of the subject hones
such that the nail spans the fracture(s} and/or non-union or malunion. Interfocking
screws are then placed through bores or apertures within the intramedullary nail,
interlocking with the nail and extending through the bone on both sides of the
freatment site. As such, the bone andfor bone fragments are stabilized and
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immobilized against rotational and lateral movement in order to aliow the bone 10
properly set and heal, and to prevent displacement of the fracture during the healing
process.

{71 Moreover, intramedullary nails have consisted of relatively rigid structures
inserted into relatively curved bones such as the femur, tibia, humerus and radius.
These fixation rods have relationships between their bending and torsional rigidities
that are substantially different from those of the intended intact long bone. This can
result in shiglding the fracture from the natural loading stresses and inhibiting callus
formation. In addifion, the intrameduliary nails are manufactured in a pre-bent
configuration to supposediy to match the curvature of the intended long bone but
variation of natural curvature and there is typically a double curvature o the long
bone cause a mis-match in curvature. This mis-match in curvature can cause great
difficulty for the surgeon to insert the nail down the intrameduliary canal or causes
the bone o conform the curvature of the nall leading to malreduction or
unsatisfactory positioning of the fracture fragments.

{3] Retrograde intramedullary nailing, first described by Harris in 1980, has
become common recently. For critical patients with mutltiple injuries, femoral shaft
fractures can be stabilized quickly and efficiently, and bilateral lower extremity
injuries can be treated simultaneously in the supine position. Although the absolute
indications for the use of retrograde nails are still the subject of some debate, relative
indications include morbid obesity, multisystem trauma, ipsilateral floating knee
andfor tibia injuries, bilateral femur fractures, ipsilateral acetabuium and/or femoral
neck fractures, uncontaminated traumatic knee arthrotomies, through-knee
amputations, pelvic ring injuries, pregnancy, gross contamination around the
insertion point for antegrade nailing, unstable spine injuries, and multiple fractures.
For properly selecied cases, imited use of retrograde nailing is recommended by
most researchers. Relfrograde insertion of 2 reamed inframeduliary titanium nail
through an intercondylar approach within the knee joint is used for femoral shaft
fractures in most applications. The nail is infroduced along an “inserted guide pin
andg countersunk under the intercondylar notch 10 preciude the possibility of damage
to the pateliofemoral joint or other articular structures and resultant late degenerative
joint disease. Potential complications associated with retrograde nailing, including
knee stiffness or impaired function, guadriceps atrophy, aricudar or cruciate ligament
damage, and septic joint. Researchers have concluded that antegrade and
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retrograde nailing appear to be comparable as far as union rates and bony fusion
latency are concemed.
{91 One of the methods of fixation is fixation with locking retrograde
intramedullary nail. it is used in interirochanteric fractures, Figure 2. Longer locking
retrograde intrameduliary nail can be used to fixate complex fractures, combined of
distal and middle femoral fractures, or in fractures of the middle and lower parts of
the femur, where access with g locking antegrade intramedullary nail is not possible
{e. g. in patients with {otal hip arthroplasty, in non-union proximal femur fractures
with implanted osteosynthetic material}. The method is very good for fixation of
fractures in older patients with a weak bone structure, in cases of pathological
factures, and in poly-traumatized patients whose condition allows complete
freatment. Locking retrograde intramedullary nail is also used for fixation of
corrective supracondylar osteothomy and for fixation of supracondylar fractures in
patients with total knee arthroplasty.

SUMMARY OF THE INVENTION

[10] The disclosed nall is flexible to follow the natural curvature of a bone thereby
preventing unwanted penetration, increased erosion of the cortex or insertion
difficulties. Because of the difference in curvature between the natural bone and the
intramedullary naill, insertion of the nail can become very difficult, preventing
complete insertion of the nail into the bone, and potentially causing additional
fractures of the bone.

{111 All bones have a natural curvature to them in both the anteriorfposterior and
mediaiflateral planes such that a straight intramedullary nail cannot be inserfed into a
bone. As a resuit of the natural curvature, all intrameduliary nails possess a radius of
curvature imparted to them during their manufacturing process or are of a flexible
nature that conforms to the curvature of the bone. However, the radius of curvature
of the pre-bent nails is not necessarily the curvature of the bone as each individual
bone will have a slightly different curvature. In the case of the human femur, the
radius of curvature is typically 1 meter whereas the radius of curvature of IM nails
are typically in the 2 meter range. For an antegrade nail, the starting or entry hole in
the prymifossa of the femur is not necessarily along the curvature arc of the femur
and will affect how the natl will proceed down the canal. For a retrograde nail the
entry point is usually on the lateral aspect of the femur above the femoral condyle of
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the knee or the at the intercondylar notch within the knee joint. This enlry requires a
different curvature for the intramedullary nail for positioning within the meduliary
canal.

{121 The complications associated with the prior art rigid nail inserted into a
curved bone are thus overcome. The disclosed nail uses a modification of the
flexible shaft technology as taught by Krause et al in US Patents 6,053,822 and
8,447 518 and pending application US 12/712,174 by imparting a serpentine or
sinuous, helical slot along a segment or segmentis of the component. . Preferably,
the flexible nait s formed by laser cutting an elongated tubular member of substantial
wall thickness, to form the slot around and along the tubular member. A serpenting
or sinuous path can also be superimposed on a circumferential slot about the
circumference of the shaft in the form of a generally sinusoidal wave. Preferably, the
sinusoidal wave forms dovetail-like teeth, which have a narrow base region and an
anterior region that is wider than the base region. Thus, adjacent teeth interiock.
The teeth can have a configuration as Hllustrated in US. Patent No. 4,328,838, and
8,053,922 the disclosure of which is incorporated herein by reference, as though
recited in detail.

{131 A flexible intrameduliary nail is disclosed that is manufaciured from a
biccompatible ngid material and has a substantially cylindrical hollow body. The nail
has a leading segment with an entry hole at a distal end and at least one securing
means and a {railing segment having a trailing edge and an attachment mechanism.
The body has ai least one flexible center section, each having at least one siot to
provide flexibility. in one embodiment the at least one slot follows a sinuous,
serpenting path to form a plurality of interlocking teeth. The serpentine path can
foliow a helical path or a concentric path. The helical path of said at least one siot is
about 0.25 1o about 5 cycles per diameter length and the helical angle ranges from
about § degrees to about 20 degrees The ratio of the amplitude of the- path to the
pifch of the slotis in the range from greater than 0.1 to about 0.8, The width of each
slot between about 0.5% and about 5.0% of the diameter of said flexible nail. The at
least one slot can alternatively follow a helical path. Each of the slots has a proximal
end and a distal end, with the proximal end being spaced from the trailing segment
and the distal end being spaced from the leading segment. When muitiple slots are
incorporated, the proximal end of a slot is spaced from a distal end of a subseguent
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slof. The first of the at least one flexible center section and a second of the at least
one Hexible center section can be separated by a non-slotied section.

[14] The securing means of the leading and trailing segments can be selected
from at least one from the group comprising securing slots, holes, threads,
deployable fins, talons, expandable cages, and the use of deployable bone cement.
(481  Each of the at least one slot can have a varied flexibility in relationship to
another of siof from the group comprising increased flexibility, decreased flexibility,
equal flexability. Each of the slots can have sufficient width to form an unbound joint
permitting limited movement in any direction upon application of tensile,
compressive, andfor torsion forces. Alternatively, each slot can have an increased
width in a first direction compared 0 a second direction to provide increased
flexibility in said first direction. The varied flexibility can be achieved by varying the
pitch of the helical slot and helix angle, said helical angle being in the range of about
10 degrees to about 45 degrees. The flexibility can also be achieved by varying the
width of the helical slot.

[168] The flexible intrameduliary nail can have an elastomeric material from at {east
one of the group comprising: filling at least one of the at least one slot; filling within at
least one portion of the inside core adjacent to at least one flexible center section;
filing the insider core; extend through, and fill, at least one slot; encompass at least
a portion of the exderior diameter of the spinal element; encompass the exterior
diameter extend through, and fill, at least one slot; encompass at least a portion of
the exterior diameter.

[17] A flexible insertion shaft can be used with the flexible intramedullary nall or
other nail. The insertion shaft has a body with a serpentine siot along its length that
is dimensioned to fit within the hollow body of the flexible nail The leadingend has a
fhreaded leading end segment that has one or more cutting recesses with an
attachment hub connecting the threaded leading segment to the body. The {railing
end has a frailing end locking bolt with an end hub that comprises an attachment
member for receiving a driving mechaniam, threads dimensioned 10 receive the
flexible nail and fingers dimensionad {0 recseive and compress the flexible insertion
shaft upon threading and tightening the end hub on the trailing end of the nail.

[18] Alocking shaft can also be used in conjunction with the flexible nail or other
flexible devices. The locking shaft has a flexible rod and muitiple roller sets. Each of
the multiple roller sets comprises at least a pair of rollers and spacers with a
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receiving hole off st from center and dimensioned {0 recsive the rod. The outer
diameter of the roller sets is dimensioned to be received within the flexible
inframedullary nail. Rotation of the rod rotates the multiple roller sets to wedge them
against the inferior of the flexible intramedullary nail. In one embodiment the
spacers are non-rotatably affixed to the rod and the rollers are rotatable on the rod.
in an alternatively embodiment both the spacers and the rollers are non-rofatably
affixed to said rod.

{181 In use for the siabilization of long bones the flexible intrameduliary nail can be
combined with the flexible locking shaft. The bone is prepared {o receive an insert. A
flexible intramedullary nall, having a hollow body, is inserted into the fractured bone
with the leading edge being secured beyond the fracture. The flexible locking shaft,
consisting of a flexible rod and multiple roller sets dimensioned to be received within
the nail. Each rofler set comprises at least a pair of rollers and spacers with
receiving holes offset from their center dimensioned to receive the rod. The spacers
can be non-rotatably affixed to the rod with the roliers being rotatable on the rod.
Alternatively, both spacers and rollers can be non-rofatably affixed 1o the rod. When
rotated within the flexible intrameduliary nail the multiple roller sets are wedged
against the inferior of the nail thereby locking the nail in the desired configuration.
The locking shaft is then locked in place with a trailing end locking bolt.

{201 In use for the stabilization of iong bones the flexible intramedultary nait can be
combined with a flexible locking shaft having a serpentine slot along its length. A
threaded leading edge, having one or more cutling recesses, is attached to the
flexible locking shaft with an attachment hub. An end hub at the trailing end has
attachment means for receiving a driving mechanism, threads dimensioned to
receive the flexible nail and fingers. The flaxible locking shaft is inserted, through
use of the driving mechanism, intg the bone. The leading edge of the focking shafl is
secured bevond the fracture and the flexible intrameduliary nail is then passed over
the flexible locking shaft and the lsading segment secursd {o the leading snd of the
insertion s hatt at the atlachment hub. The flexible intramedullary naill is in place with
the flexibie locking shaft using a {rafling end locking bolt. The locking bolt is placed
over the trailing end of the insertion shaft to secure the trailing end of the nail. The
fingers of the locking bolt compress and grip the insertion as the boit is tightened.
[21] This invention of a flexible intramedullary fixation device was first proposed
and submitted to the National institutes of Health as a Small Business innovation
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Research proposal “Refrograde Femoral Reconstruction Fixation System” on August
14, 1997 and assigned Application Number 1843 AR45345-01. A revised
application, # 1R43 AR45345-01A1 was resubmitted on April 14, 1898, The
applications describe a flexible intramedullary nail that is inserted into the medullary
canal of a long bone 1o aligh and stabiize the fracture by providing proximatl and
distal locking.

[22] The present invention overcomes the deficiencies and problems evident in the
prior art as described herein above by combining the following features into an
integral, longitudinally, laterally and torsionally flexible segment of the component.
[23] A slot of substantial length and width extends in a generally serpentine or
sinuous or other predetermined path, either continuously or intermittently, around
and along the tubular member. The slot or series of siots can extend in a
circumferential manner around the {ubular member. Advantageously, the slotis cut
at an angle normal to the shaft using a computer controfled cutling technigue such
as laser culting, water jet cutling, milling or other means. Additionally, this slot may
be cut at an angle o the normal 50 as to provide an undercut siol; preferably the
angle is in the range from about 5 to about 45 degrees from the normal.

{241 A plurality of slots can be empioyed thereby increasing the flexibility of the
component, relative {o a shaft having a single siot of identical pattern. The
serpenting or sinuous path forms a plurality of teeth and complimentary recesses on
opposite sides of the slot. The slot has sufficient width o form an unbound joint
permitting limited movement in any direction between the teeth and the recesses,
thereby providing limited flexibility in all directions upon application of tensile,
compressive, andfor torsion forces to said component. in a similar manner the slot
can have increased width in one direction compared to another direction thus
providing increased flexabilily in ong direction.

{25] The Hexible segment can have different degrees of flexibility along the fength
of said shaft. The varied flexibility can be achieved by having the pitch of the hslical
slot vary along the length of the shafl. The varied flexibility corresponds to the
variation in the pitch of the helical slot. The helical path can have a helix angle in the
range of about 10 degrees 1o about 45 degrees, and the helix angle can be varied
along the length of the shaft to produce correspondingly varied flexibility.
Alternatively, the widih of the helical slot can vary along the iength of the shaft to
provide the varied flexibility. The rigidity of the flexible shaft can be achieved



WO 2014/151907 PCT/US2014/026649

through the design of the siot pattern, thereby enabling the use of thinner walls than
woudd otherwise be require to produce eguivalent rigidity. In a preferred
ambodiment, the ratio of the amplitude of the path to the pitch of the slotis in the
range from greater than 0.1 to about 0.8,
{261 In one embodiment the slof can be filled with a resilient material, partially or
entirely along the path of the slot. The resilient material can be an elastomer
compound which can be of sufficient thickness to fill the slot and to encapsulate the
entire shaft thus forming an elastomer enclosed member. The elastomercanbe a
resilient matenal such as a urethane or a silicone compound. The rigidity of the
flexible shatft can be further achieved or varied through the use of filler material
having different stiffness properties, thereby enabling the use of thinner walls than
would otherwise he require to produce equivalent rigidity. The use of an elastomeris
disclosed in co-pending application 12/069,834 and 61/077 892 expired, and US
Patents No. 6,053,822 and 6,447 518 the disclosures of which are incorporated
herein as though recited in fudl
{271 Preferably, the flexible segment is formed by laser culting an elongated
tubular member of substantial wall thickness, to form the slot around and along the
tubular member in a helical manner. A serpentine or sinucus path can be
supenmposed on a helical wave in the form of a generally sinusocidal wave. This
sinuous path provides interlocking recesses and appendages to provide torsional
and axial limitations to bending of the nail.
{281 Preferably, the sinusoidal wave forms dovetail-like teeth, which have a narrow
base region and an anterior region which is wider than the base region. Thus,
adjacent teeth interlock. The teeth can have a configuration as illustrated in U.S.
Patent No. 4,328 838, the disclosure of which is incorporated herein by reference, as
though recited in detall.
(2897 Animportant aspect of this invention therefore lies in providing a nail for
insertion in a curved bone that follows the curvature of the bone.
[301 An additional important aspect of this invention is a mechanism that
causes the flexible nadl 1o become rigid 1o provide additional suppeort to the fractures
bone.

BRIEF DESCRIPTION OF THE DRAWINGS



WO 2014/151907 PCT/US2014/026649
10

{311 Examples of the invention are lustrated in the drawings herewith. All of the
figures arg drawn on an undersized scale, and like structure in different figures bears
like reference numerals.

{32] Figure 1is a plan view of the disclosed flexible intramedullary nail in
accordance with the present invention;

{331 Figure 2 is a prior art retrograde femoral intrameduliary nail;

{341 Figure 3 is g prior art antegrade femoral inframeduliary nail;

{35] Figure 4 is a prior art {ibial intramedutlary nail,

[36] Figure 5A is a prior art, flexible, Ender rods inserted in a retrograde fashion for
an intertrachamteric fracture;

{37} Figure 5B is a prior, flexible Ender rod inserted in a retrograde fashion for a
subtrochanteric fracture,;

{381 Figure 6 is a plan view of the flexible intramedullary nail with a threaded end
for cancetious bone atfachment and showing area for detail of the sinuous slot in
accordance with the present invention;

[38] Figure 7ais a detailed view of the slot comprising the fexible segments of the
flexible intrameduliary nall in accordance with the invention;

[40] Figure 7b is a detailed perspective of the serpentine slot cut in accordance
with the present invention;.

{411 Figure 8 is a detailed view of the threaded {eading segment.

{421 Figure Ba shows possible variations of the serpentine slot.

{431 Figure 10 is a cutaway view of a femur having the flexible intrameduliary nail
implanted in a retrograde fashion in accordance with the present invention;.

{441 Figure 11 is a cutaway view of the flexible intramedullary nail being inserted in
the tibia showing its flexibility to provide for lateral enfry into the tibia in accordance
with the present invention;

(451 Figure 12 is a culaway view of the flexible intrameduliary nail fully implanted
info the tibia In accordance with the invention;

[46] Figure 13 is a fragmentary view showing the flexible nall with a threaded end
for initial placement in the bone in accordance with the invention;

[47] Figure 14 is a detailed perspective view of the screw head of Figure 13 in
accordance with the present invention;

{481 Figure 15 is a perspective view of the locking cap for the flexible insert.
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{489] Figure 16 is a plan view of a partially assembled flexible nail system as such
after the insert has been placed in the fractured bone.

{501 Figure 17 is a plan view of the fully assembled flexible nail with the flexible
screw head insert in accordance with the present invention;

{51} Figure 18 is a side elevation view of a flexible nail in accordance with the
present invention;

{62} Figure 19 is a sectional view of the flexible nail through the longitudinat plane
B-B from Figure 18

{531 Figure 20 is a side view off an alternate embodiment having a threaded
leading edge having a siot that, in accordance with the invention;

[54] Figure 21 is a sectional view of the threaded portion of the leading edge of
Figure 20 in accordance with the invention;

{551 Figure 22 is a side view of an additional embodiment of the flexible nail in
accordance with the invention;

[568] Figure 23 is a schematic representation of the cenler segment of Figure 22,
showing general pattern of the circumferential serpentine slots along the length of
the rod in accordance with the invention;

{571 Figure 24 is an illustration of variation of the change in orientation of the
serpenting siot relative to the adjacent siot whereby the teeth of each adjacent
circumferential slot is staggered or offset a variable distance,;

{58} Figure 25 is a cross sectional view of the central segment through the
longitudinal axis of Figure 24, showing the general pattemn of the offset serpentine,
circumferential slots along the length of the segment in accordance with the
invention:

[50] Figure 26 is an exploded view of section 258 showing the gap and
interlacking of the serpentine slot of two slots that have been offset or staggered, in
accordance with the invention;

[60] Figure 27 is a schemalic representation of the central segment of Figure 22,
showing general pattern of the circumferential serpentine slots with an elastomer
filer material in the slot in accordance with the invention;

[61] Figure 28 is a sectional Hlustration though the longitudinal axis 27A-27A
shown in Figure 27 of the central segment showing the slot with a resilient fillerin a
portion of the slot in accordance with the invention;
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{021 Figure 29 is a magnified view of the area Z8A in Figure 28 in accordance with
the invention;
{631  Figure 30 is an exterior view of the central segment with the center portion
encapsulated with a resilient filler in accordance with the invention;
{64] Figure 31 s a sectional dlustration though the longitudinal axis 30A of the
central segment in Figure 30 showing the filled slot with a resitient filler
encapsulating the entire segment but not filling the central core;
[656] Figure 32 is a magnified view of the area 31A in Figure 31 in accordance with
the invention.
[66] Figure 33 is a perspective view of a locking shaft that, when inserted in the
central cavity of the nail locks the nail in position {curvature).
{67] Figure 34 is a plan view of the proximal end of the locking shaft of Figure 33.
[68] Figure 35, is a front view of the cam and spacer in line as they wouid be when
the locking shaft is inserted into the nail.
[69] Figure 36 is a front view of show the segment of the cam mechanism after
the locking shaft has been inserted and locked in place.
[70] Figure 37 is a perspective view of the locking shaft with a threaded leading
end segment, and
{71} Figure 38 is perspective view of the region of the locking shaft designated in
Figure 37 as 37A.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

{72} Forthe purposes herein the term “inframedullary rod”, aiso known as an
“inframedutiary nall” {(IM nail),means a meial rod forced into the medullary cavity of a
bone to align and stabilize fractures. IM rods are primarily inserted into the bone
marrow canal in the center of the long bones of the extremities {e.g. femur, tibia,
fibuta, humerus, ulna and radius).
{731 Forthe purposes herein the terms "slit” and "slot” are used interchangeably,
consistant with their definitions, as follows:

stot n. 1. A narrow opening; a groove or slit. a slot for ¢oins in a vending
machine,; a mail siot.

2. A gap between a main and an auxitiary airfoil to provide space for

airflow and facilitate the smooth passage of air over the wing.
{74} For the purposes herein the term pitch as used herein is defined as:
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pitch - n.1. The distance traveled by @ machine screw in one
revolution.

The distance behween two corresponding points on adjacent screw
threads or gear teeth. (American Heritage Dictionary, 3rd Edition, Copyright 1994}
(78] For the purposes herein the term “cycle” shall refer to:

Cycle - 1. Aninterval of time during which a characteristic, often
regularly repeated event or sequence of events occurs: Sunspots increase and
decrease in intensity in an 11-year ¢cycle.

2.a A single complete execution of a periodically repeated
phenomenorn: A year constitutes a cycle of the seasons.

Zh. A periodically repeated sequence of events: cycle includes two
halves of the sine-wave like undulation of the siot path. (American Herilage
Dictionary, 3rd Edition, Copyright 1994)

[78] Forthe purposes herein the ferm “amplitude” shall refer to the maximum
absolute value of the periodically varying quantity of the siot.
[77] Forthe purposes herein the term “serpenting” shall refer to
3 a ! winding or tuming one way and another <a serpentine road>
b : having a compound curve whose central curve is convex. (Merriam-
Webster online dictionary)
{781 For the purposes herein the term "sinuous” shall refer {o:
1. a : of a serpentine or wavy form :
winding,
2. b 1 marked by strong lithe
movements. (Memriam-Webster online dictionary)
[79] Forthe purposes herein the term “serpentine” and “sinuous” are
interchangeable and shall refer to a winding or turning one way and then ancther so
as o not follow a straight line, except for brief insfances.
{801 Forthe purposes herein the term “helical’, “helix” and “spiral” are
inferchangeable and shall refer to:

1 a : winding around a center or pole and graduaily receding from or
approaching it <the spiral curve of a watch spring> b : helical ¢ 1 spiral-bound
<@ spiral notebook>
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2 : of or relating to the advancement 1o higher levels through a series of
cyclical movements. (Merriam-Webster online dictionary)

{811 For the purposes herein the term “frequency” shall refer to the number of
times a specified phenomenon occurs within a specified interval:

Frequency.

1a. Number of repetitions of a complete sequence of values of a periodic
function per  unit variation of an independent variable.

1b. Number of complete cycles of a periedic process occurring per unit time.

1¢. Number of repatitions per unit ime of 3 complete waveform, as of an
alectric current. The number of times the cytles form a repetitive pattemn in one unit
of fength is the frequency of the slot pattern. The number of cycles "C" of the slot
unduiations superimposed upon the circumfarential path which are present in one
revolution around the shafl, is referred {o as the cycles per revolution. (American
Heritage Dictionary, 3rd Edition, Copyright 1884)
{821 The terms antegrade and retrograde indicate the direction of introduction of
the nail from proximal and distal portals, respectively.
{831 While the present invention will be described more fully hereinafter with
reference 1o the accompanying drawings, in which particular embodiments and
methods of implaniation are shown, it is to be understood af the outset that persons
skifled in the art can modify the invention herein described while achieving the
functions and resuits of this invention.
[84] Flexible, intrameduliary fixation devices are useable in many applications o
provide fracture fixation to a number of different bones. Although usable in many
forms of bane connaction, the flexible nails disclosed are particularly useful in the
ntramedullary fixation of fractured or severed long bones.
[85] Accordingly, the descriptions that follow are o be understood as illustrative
and exempiary of specific structures, aspects and features within the broad scope of
the present invention and not as limiting of such broad scope.
[88] The invention in one embodiment relates {o a flexible nail or rod having one or
more flexible segments within a central saction of the device. The flexible nail can
also contain a segment, or segments, that alsc include threads or cross holes used
for the placement of interlocking screws with the bone. The flexibility is created

through the use of at least one sinuous helical slot formed in the center segment of
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the glement. in other embodiments, additional flexible segments aiso have at least
one sinuous helical slot in either the same helical rotation and pattern or in an
opposite rotation andfor different pattern. In another embodiment the flexible section
or sections has a flexible segment that has at least one helical, sinuous siot within a
section of the element that is embedded within a polymer or other flexible material so
as lo fill the slot with the flexible material ag disclosed in US Patents 6,053,922 and
8,447 518 which are incorporated herein as though recited in full. In an additional
embodiment the flexible nail uses a hollow flexible element that encompasses a
poltymer or other fexible material within #s central core without extending into the
sinuous slot{s). A further embodiment uses a flexible slotted segment within the
glement that contains a polymer or other flexible matenal within the central core with
the flexible matenal extending radially outward through the sinuous siot{s). The
flexible nail can further incorporate a flexible slotted segment that contains a polymer
or other flexible material within the central core of the flexible segment that extends
radiaily outward through the slot and encompasses the ouler surface of the slement
angi/or the flexible segment.

{871 In applications where additional fracture stability is required after implantation
of flexible intramedullary nail, bone cement or other materials can be injected in the
cannuiation hole. The sloHed flexible section of the nail provides flow-through
mechanism for bone cement that is used for production of a bone cement jacket
around the nail, such that nail will be anchored in a highly stable manner after being
implanted in the bone and specially afier being implanted in a bone of reduced
quality.

{881 In Figure 1, the described flexible intramedullary naill 100 comprises leading
end segment 111 and a trailing end segment 112 axially spaced apart by a
substantially cylindrical, flexible center segment 120, The leading end segment 111
is furnished with an entry hole 113 to the central core 115 (see also Figure 7B) of the
nail 100 and one or more transverse locking holes 114°, 114", The frailing end
segmernt 112 has a tralling edge 119 with an attachment mechanism 108 and
transverse siot 118 andior transverse locking hole 117, The center section 120 in
this embodiment has two flexible sections, although one or more can be used and
dimensioned accordingly, proximat flexible section 124', and distal flexible section
124" in which a serpentine, spiral slot 128, 1287, respectively is superimposed on a
helical path about the shaft 121 of the center seclion 120. The flexible section 124"
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extends, in this embodiment, generally from the proximal end of the leading end
segment 111 about one third the length of the nail 100. Spaced slightly from the
proximal end of the distal flexible section 124”7 is the proximal flexible section 124’
which extends 1o the distal end of the trailing segment 112, Through the nall 100 is a
hollow cavity 115 extending from fhe leading edge 113 to the frailing edge 119. In
this, and other illustrated embodiments, the leading edge 113 is slightly beveled,
however whether there is a bevel and the degree to which there is a bevel, will vary
depending upon end use.

{891 Asillustrated in Figure 2, current practice includes the management of certain
fractures of the femoral shaft 26 and in the supracondylar region 40 of the femur 20
through the use of intramedullary nails in the form of retrograde nails inserted
through a relatively small incision at the knee. Thus, an intramedullary nail in the
form of a conventional retrograde nail 42 has been inserted longitudinally into the
femur 20 through intercondylar notch 30 and has been advanced into the femoral
shaft 28. A fracture 44 in the femoral shaft 26 and a fracture 46 in the supracondylar
region 40 are stabilized by fixation screws 48 and 49 extending through retrograde
nail 42 at 50 and 51, respectively. Retrograde nails, such as that illustrated by
retrograde nail 42, ordinarly are not extended beyond the lesser trochanter 52,
shown in the vicinity of subtrochanteric region 38, and always have been confined to
freatment of fractures in the femoral shaft 26 or the supracondylar region 40, as
shown in Figure 2. Because the insertion of a refrograde nail requires only a
relatively small incision, usually no more than one {0 two inches long, and no
muscular dissection, bicod 10ss is minimal and recovery is accelerated. These
retrograde nails are used in conjunction with locking screws, such as fixation screws
48, which are inserted percutaneously and require incisions of one centimeter or
tess, thereby further minimizing blood loss and reducing recovery time. Moraover,
intercondyiar notch 30 is accessead readily for the insertion of a retrograde nait
however it requires opening the knee joint and associated risk and damags to the
articular cartilage of the joint.

[80] Curreni practice aiso includes the management of certain fractures of the
femoral shaft 66, as shown in Figure 3, in the mid shaft region 60 of the femur 66
through the use of intramedullary nails in the form of antegrade nails inserted
through a relatively small incision at the hip region of the patient. Thus, an
intramedullary nail in the form of a conventional nail 62 has been inserted
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longitudmally into the femur 60 through pyriforma fossa notch 61 and has been
advanced into the femoral shaft 66. A fracture 64 and a fracture 84 in the femoral
shaft 66 are stabilized by fixation screws 68, 68 and 68" extending through nail 82 at
69, 69 and 69", respectively. Because the insertion of an antegrade nail requires
only a relatively small incision, usually no more than two o four inches long, and no
muscular dissection, blood loss is minimatl and recovery is accelerated. Antegrade
nails are used in conjunction with locking screws, such as fixation screws 68, 68 and
68", which are inserted percutaneously and require incisions of one centimeter or
less, thereby further minimizing blood loss and reducing recovery time.

{911 Current practice can also include the management of certain fractures of the
tibia 76, as shown in Figure 4, in the mid shafl region 70 through the use of
intramedudlary nails in the form of an antegrade nail inserted through a relatively
small incision at the knee region of the patient. Thus, an intrameduliary nail in the
form of a conventional nail 72 has been inserted longitudinally into the tibia 76 in the
area known as the tibial tuberosity Y1 and has been advanced into the tibial shaft 76.
A fracture 74 and 74 in the libial shafl 76 are siabilized by fixation screws 78, 78,
78", 78" and 78™ extending through nait 72 at 79, 79, 78", 79, and 79™,
respectively. The insertion of an antegrade nail requires only a relatively small
mcision, usually no more than two o four inches long, however the patellar tendon
must be split and knee joint opened. As inn femoral nailing, blood {oss is minimat and
recovery is accelerated. Antegrade nails are used in conjunction with locking screws,
such as fixation screws 78, 78", 787, 78" and 78™ which are inserted percutansously
and require incisions of one centimeter or less, thereby further minimizing blood loss
and reducing recovery time.

[92] Figure 5 is a diagrammatic illustration of a long bone demonstrating current
prior art practice in the treatment of cerlain fraclures in the femur using muitiple
Ender nails. Figure 54 depicts an iftertrochanteric fracture 84 in a femur hone 86
with multipte Ender nails 82, and 82 inserled refrograde from a point of entry 88 on
the medial aspect of the femur 86 and nails 827, 827 and 827 inserted retrograde
from an entry point 38 on the lateral aspect of the femur 88, Figure 5B depicis an
subtrochanteric fracture 94 in a femur bone 96 with multiple Ender nails 92, and 82°
inserted retrograde from a point of entry 98 on the medial aspect of the femur 86 and
nails 927, 92" and 92" inserted retrograde from an entry point 98 on the lateral
aspect of the femur 86.
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93] Figure 6 is an additional embodiment of the intrameduliary nail which has a
leading end segment 130 for securing the nail 150 to the bone. In this embodiment
the leading end segment 130 is a threaded ended segment but other means, as
known in the art, of securing the leading end {o the bone may be employed. Such
means includes, but not limited to, deployable fins, talons, expandable cages, and
the use of deployable bone cement. The flexible section, 152, as with the
embodiment lustrated in Figure 1, contains a distal flexible section 156 and a
proximal section 158 having differently dimensioned serpentine patterns. The trailing
end 154 is configured to receive a locking section.

{941 Figure 7a and Figure 7b are exploded views of section D in Figure 1 and 6
showing the serpentine siot 128 within the shafl 121 of the flexible section 124" of
nail 100. The slot 128, having a width 129, is cut with a general helix angle 127 of
about 10 {o 80 degrees with respect to the longitudinal axis of the section 124”7, In
this embodiment the slot 128 is cut in a serpentine pattem having an amplitude 122
ang mterlocking teeth 126, 125 with a pitch 123,

[95] It should be noted that the serpentine sint 128 can be usad on all
embodiments herein.  Although length and width can vary dependent upon end uss,
the basic concepts as illustrated in this embodiment are consistent. The slot 128 is
representative of all the slots disclosed herein in that way that it is cut through the
shaft 121 into the core 115, Although the slots disclosed herein are of different
pattemns, this is purely a function of flexibility and all have the same basic
construction.  in the following description of the critena of the slots, no reference
numbers specific to other figures are used, as the criteria are applicable to ali slot
configurations.

[96] Figure 8 illustrates the threaded leading end segment 130 of the flexible nail
150 of Figure 6 in which a leading threaded end segment 130, is fumished with a
shank 138 for attachment with the nail 100, anend 132, screw thread 134 and a
thread cutting recess 135 at the end 132 and cutling recess 135" on the shank 138,
{8971 A variely of slot patterns are Slustrated in Figure © A-K The patlerns are
representative of patterns that can be used and are not intended 1o be all inclusiva.
As illustrated in Figure 9A, and indicative of all patterns, the pattern has a cycle
length C, which includes a neck region NA. The wider the neck region the greater the
strength of the connector, that is, the greater the {orsional forces which the flexible
shaft can transmit. The ability of the device to interiock is dependent in part upon the
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amount of overap or dovetailing, indicated as DTA for Figure 8A and DTB for Figure
GB. The patterns ilfustrated in Figures 8C and 9G — 8K do not provide dovetailing,
and require g helix angle that is relatively small. Pattern 9F is another interlocking
dovetail patiern thal can be used with a larger helical angle {han non-dovetailing
patterns The pattems of Figures 9H ~ 9K s an interrupted spiral in which the siot
foltows the helical path, deviates from the original angle for a given distance, and
then resumes the original or another helix angle. Patterns, as shown in Figures 8D,
gk, 9F, oM through 9K can have a configuration as illustrated in U.8. Patent No,
6,447 518, the disclosure of which is incorporated herein by reference, as though
racited in detail.

[98] The helical path of the slot 128 is about 0.25 to about 5 cycles per diamster
tfength. In order to provide the desired flexibility, while maintaining support, the width
of the slot 128 should not exceed about 0.075 of an inch in a nail or shaft having a
diameter in the range from about 0.10 to about 0.750 inches, with & general width of
about 0.005 to about 0.025 inches. Or alternatively stated, the siot 128 width is
between about 0.5% and about 5.0% of the diameter of the element. The helical
angle ranges from about 5 degrees 1o about 20 degrees.

[99] Figure 10 is a diagrammatic illustration of an additional embodiment of the
intramedullary nail 150 positioned retrograde in a femur 156 with the {eading thread
end segment 130 positioned in the femoral head 151 as would be used for a fracture
of the femoral neck 152, the interfrochanteric 153, the sublrochanteric 154 or mid
shaft 155 region.

[100] Figure 11 is a diagrammatic ilustration of the intramedullary nail 150 being
positioned retrograde in a tibla 160 at an entry point 161 on the medial aspect of the
tibia with the leading thread end segment 130 positioned in the tibia below the point
of entry 161.

{101] Figure 12 is a diagrammatic llustration of the intframedullary nail 150 fully
positioned retrograde in a tibia 160 from the entry point 161 on the medial aspedt of
the tibla with the leading thread end segment 130 positioned in the tibia.

[102] In another embaodiment of the invention as shown in Figures 13 through 17, a
flexible insertion shaft 170, with the threaded leading end segment 175 attached, is
used in conjunction with the IM nail 100. Figure 14 further illustrates Section A of the
threaded leading end segment 175 that is incorporated with the small diameter
flexible insertion shaft 170, The end segment 175 is affixed to the insertion shaft 170
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through use of an attachment hub 180. The leading end segment 175 has one or
more cutting recesses 181 in the hub 180 adjacent to the thread 184 and leading tip
183. The leading end segment 175 and insertion shaft 170 form g unitthat is
initially inserted in a fractured bone over which the flexible intrameduliary nail 100 is
passed and locked in place with a trailing end locking bolt 180, Figure 15, The
frailing locking bolt 180 has an end hub 181 with a hexagonal or other shape recess
194, for atfachment of a driving mechanism such as a screw driver, threads 192 for
engaging the flexible nail 100 and fingers 193

[103] The insertion shaft 170 has the serpentine slot 128 along its length to conform
to the curvature of the bone and the threaded end segment 130 can be screwed into
the bone past the fracture site in an appropriate position. The flexible nail 100 is then
slide over the insertion shaft 170 until the leading edge 113 of the nail 100 engages
the leading end segment 130 as shown in Figure 16. The trailing end locking bolt
190 is slide over the insertion shaft 170 and engages the trailing end of the nail 119.
As the locking bolt 180 is screwed into the flexibie nail 170 with the threads 192, the
fingers 183 of the bolt 180 are compressed and grip the inssrtion shaft 170, Figure
17 ilustrates the fully assembled insertion shaft 170 and 1M nail 100 as it would be in
the bone.

{104] Figure 18 tllustraies ancther embodiment of the flexible compression nad 210
intended to apply compressive action when inserted; and therefore the pitch F1 of
thread 214 is slightly greater than the pitch P2 of thread 216. The threads 214 and
216, as are all threads disclosed herein, are like-handed such that the vanation in
thread pitch, when the nail is inserted into a bone and rotated in place results, in
movement of the distal bone segments towards each other and compresses the
fracture. Sections D and B-B are described in more detail in Figures 19 and 20,
respectively. Section D is illustrated in Figure 7.

{105] Figure 19 is a sectional view of axis B-B seen in Figure 18 {o illustrate the
passage of the central opening 220 from the leading edge 218 sxtending though the
nail 210 to the frailing edge 219, The trailing end 219 of the nail 210 is furnished
with a threaded or similar receiving recess o receive a screwdriver, other rotational
force device or attachment device for insertion.

[108] Figure 20 fllustrates another embodiment of the flexible nail 270 in which a
flexible leading end segment 271 with serpentine slot 278" and a non threaded
fraiting end segment 272 are axially spaced apart by a substantially cylindrical,
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flexible center segment 273 having a slot 278, The leading end segment 271 is
furnished with a first screw thread 274, a thread culling recess 275 and a serpentine
slot 278"

{107] Figure 21 is an exploded view of section A in Figure 20. In this instance, the
serpentine siot 278 is formed on the minor diameter D2 of the threaded segment
271. The slot can extend partially up the side of the thread 274 or up and over the
thread 274.

[108] Figure 22 illustrates ancther embodiment of the flexible compression nail 280
in which a leading threaded end segment 284, a threaded trailing end segment 282,
are axially spaced apart by a substantially cylindrical, flexible center segment 283
with one or more congcentric siots 288. The concentric slot 288 has an amplitude A
and spacing C from the previous slot. Between the ieading end segment 284 and
the center segment 283 is a collar 289 from which secondary cufling recess 285' s
cut. The fraling segment 287 has a recess 222, as shown in Figure 10 as a means
of driving the nail 285.

[109] In Figure 23 the central segment 283 of Figure 22 generally consists of a
hollow tube having an outer surface 354 and a hollow central core 351 as illustrated
in Figure 25. Slots 360, 360", 360", . . . 380" are cut through the wall 352, shown in
Figure 25, of section of the central segment 283 {o provide flexibility. Multiple
circumferential slots 360, 360, 360", . . . 360" are situated continually at prescribed
or varying intervals over all or most of the fength of the segment 283 enabling the
majority of the element 283 {o flex. The number of slots "n" can vary dependent upon
the flexibility desired. The flexibility will be dependent upon the spacing "C" as waell
as the amplitude "A" of the serpentine slot 360 and the solid section 354 between
slots 360. In this embodiment the slots 360, 380", 360", . . . 360" allow for flexibility
only within the flexible segment. The sections 330 and 328 of the central segment
283 that are not siotted remain relatively rigid and are used for atlachment with the
lsading and trailing segments.

[114] In the embodiment iltustrated in Figures 24, 25, and 26, the serpentine patltem
of slot 360%1 is offset or staggered a rotational distance OFS from the adjacent slot
360" By staggering the serpentine pattern as illustrated, the bending characteristics,
i.e. the bending strength and flexibility, can be changed to provide differences or
uniformity with respect to the rotational axis.
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{111] The seclional view 24-AZ4A of central segment 283 of Figure 24 is shown in
Figure 25. A magnified view 258 of the slot 3607 is illustrated in Figure 26. The slot
360" is representative of all the slots disclosed herein in the way that it is cut through
the wall 352 into the core 351, Although the slots disclosed hersin are of different
patterns, this is purely a function of flexibility and all have the same basic
construction. The ¢criticality to the disclosed invention lies in the ratios and
dimensions rather than the process of placing a rod or tube. in the following
description of the criteria of the slots, no reference numbers spedcific to other figures
are uysed, as the criteria are applicable 10 all siot configurations.

[112] In the embodiment illustrated in Figures 27, 28 and 29, a biccompatible
resilient flexible or elastomeric material 370 fills only the slot 360 of the central
segment. The exterior surface 354 of the central segment remains uncovered by the
material 370 as does the interior surface 353. The addition of the elastomeric
material 370 10 the slot 360 provides resistance to the flexibility of the segment 283
as well as preventing fissue and scar ingrowth into the sltot. it should also be noted
that the elastomeric material does not necessarily have to fill all slots in the rod, with
the placement of filled and unfilled slots affecting the flexibility.

{113] In Figures 30, 31, and 32 the elastomeric material 370 encapsulates the
central segment 283 as well as filling the slots 350. in this embodiment, the interior
surface 430 and exterior surface 328 are covered with the elastomeric matenal 370
and the slots 3680 are filled to prevent tissue ingrowth info the slots 380 and increase
the stiffness of the nail. The core 355, of the encapsulated segment 350, however,
remains hollow as seen in section 30A-30A in Figure 31. Although in these figures
the elastomeric materal 370 also fills the slots 360 passing through wall 352 as
shown in Figure 32 of the enlarged section 31A, it shouid be noted that the
elastomeric matedal 370 can alternatively only encapsulate the segment without
filling the siots 360. Additionally, just the inlerior or exderior of the segment ¢can be
coverad with the elastomeric material with the slots being either filled or unfilied. The
encapsulation can be only at the poriion of the nail that is flexible or can extend the
entire length of the nail. As noted above, the addition of the elastomeric maternial 370
increases the resistance {o flexing and is not reflective of the advantages of
encapsulating segment 350 with the elastomeric material 370.
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{114] As can be practiced, any of the segments of the flexible nail can be sither
non-flexible or can be made flexible by the incorporation of a slot with a serpentine
path along a helical or concentric path within the segment.

{115] In another embodiment of the invention, a rod or similar type device can be
inserted in the ceniral core 115 1o lock the curvature the flexible nail 100 in a shape
matching the natural curvature of the bone. One such locking shaft 400 is illustrated
in Figures 33 and 34 which is comprised of sets of spacers 420 and movable rollers
410. Sets of these spacers 420" and rollers 410" are positioned along a rod 401 at
multiple intervals, determined at time of manufacture. in most embodiments the
spacers 4207 are fixed to the rod 401 while the rollers 410" are free to rotate about
the rod 401, although both spacers 420 and rollers 410 can rotate.  The number and
size of the sets, as well as the spacing in between is depend on end use and will be
obvious o those skilled in the arts. At the driving end, or trailing section, of the
locking shaft 400 is an attachment end 405 that is used to insert the locking device
400 and rotate the locking device 400 when requiired.

[116] The locking bolt 180 of Figure 15 can also be used {0 secure the locking shaft
400 to the flexible nail 100

{117] In atleast the spacer 420, and in some embodiments both spacer 420 and
rofler 410, the receiving hole for the rod 401 is offset from its center. This locks, upon
rotation, the spacers 420 against the interior wall of the nail 100 creating the desired
rigidity. The dimensioning between the outer diameler of the spacers 420 and roliers
410 and the inngr diameter of the nall 100 must be such as to prevent the spacers
420 and rollers 410 from freely rotating within the interior of the nail 100. Figure 35
shows the relative orientation of the spacer 420" and roller 410 7 when initially
inserted into the caentral core of the flexible nail 100. Figure 38 shows the relative
orientation of the spacer 420" and roller 420" after the rod 401 has been rolated
after insertion. When rotated, the rollers 410" act as a wedge to push the spacers
420 up against the opposite wall thus locking the two in the interior diameter of the
nail 100. With the multiple spacers 420 all locking within the intedor of the nail 100,
the nail 100 will become rigid in the desired shape, maiching the shape of the bone.
The locking shaft can also be placed into a transfer sleeve prior to insert into the nail
100. The transfer shaft, known in the art, aligns the rollers 410 and spacers 420,
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making msertion easier. As known, the transfer shaft is removed prior to rotation of
the attachment end 405,
{118] In another embodiment, the locking shaft 450 can have a threaded leading
end segment 475, as described for flexible insertion shaft 170, at the distal end. As
described for the flexible insertion shaft 170, the locking shaft 450 is inseried prior o
the flexibie nail 100 insertion which is inserted over the locking shaft 450. The
eniarged view of 37A is iliustrated in Figure 38.

Broad Scope of the Invention
[119] While illustrative embodiments of the invention have been described herein,
the present invention is not limited to the various preferred embodiments described
herein, but includes any and all embodiments having equivalent elements,
modifications, omissions, combinations (e.q., of aspects across various
embodiments), adaptations and/or alterations as would be appreciated by those in
the art based on the present disclosure. The limitations in the claims (.9, including
that {o be later added) are to be interpreted broadly based on fhe language
amploved in the claims and not limited to examples described in the present
specification or during the prosecution of the application, which examples are {o be
consirued as non-exclusive, For exampie, in the present disclosure, the term
‘preferably” is non-exclusive and means "preferably, but not limited 10.” In this
disclosure and during the prosecution of this application, means-plus-function or
step-plus-function limitations will only be employed where for a specific claim
limitation ail of the following conditions are present in that limitation: a) “means for” or
“step for’ is expressiy recited; b) a corresponding function is expressly recited; and ¢
structure, material or acts that support that structure are not recited. in this
disclosure and during the prosecution of this application, the terminology “present
invention” or “invention” may be used as a reference to one or more aspedt within
{he present disclosure. The language of the present invention or inventions should
not be improperly interpreted as an identification of criticality, should not be
improperly interpreted as applying across all aspects or embodiments {i.e., it should
be understood that the present invention has a number of aspects and
embodiments)}, and should not be improperly interpreted as limiting the scope of the
application or claims. In this disclosure and during the prosecution of this application,
the terminology "embodiment” ¢can be used 1o describe any aspect, feature, process
or step, any combination thereof, andfor any portion thereof, etc. it some exampleas,
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various embodiments may include overlapping features. In this disclosure, the
following abbreviated terminclogy may be emploved: "e.g.” which means “or
example.”

[120] While in the foregoing we have disclosed embodiments of the invention in
considerable detall, it will understood by those skilled in the art that many of these
details may be varied without departing from the spirit and scope of the invention.
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What is claimed is:
1. A flexible intramedullary nail being manufactured from a biccompatible rigid
material having a substantially cylindricat hollow body, said holiow body having:

a leading segment, said leading segment having an entry hole at a distal end
and at least one securing means;

a trailing segment, said trailing segment having a trailing edge and an
attachment mechanism;

at least one flexible center section, each of said at least one center section
having at least one slot to provide flexibility.

2. The flexible intramedullary nail of claim 1 wherein said at least one slot follows
a sinuous, serpentine path fo form a plurality of interocking teeth.

3. The flexible intramedullary nail of claim 2 wherein said serpentine path of said
at least one slot follows a helical path.

4. The flexible intramedullary nail of claim 1 wherein said siof follows a helical
path.

8. The flexible nail of claim 2 wherein at least one said slot is concentric,

8. The flexible intramedullary nail of claim 1 wherein each of said at least one

slot has a proximal end and a distal end, said proximal end being spaced from said
fraffing segment and said distal end being spaced from said leading segment,

7. The Hexible intframedullary nail of claim 1 wherein each of said atleast one
stot has a proxdmal end and g distal end, said proximal end of a siot being spaced
from said distal end of a subsequent slot.

8. The flexible intramedullary nail of claim 1 wherein said at least one securing
means is selecied from at least one from the group comprising securning siots, holes,
threads, deployable fins, talons, expandable cages, and deployable bone cement.
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8. The flexible intramedullary nail of claim 1 wherein said trailing segment further
comprises at least one securing means selected from at least one of the group
comprising securing slots, holes, threads, deployable fins, talons, expandable cages,

and deployable bone cement.

10.  The flexible intramedullary nait of claim 1 wherein each of said at least one
slot has a varied flexibility in relationship to a second at least one slot, said second
at least one slot having increased flexibility or decreased flexibility, with respectto
said at least one slot,

11. The flexible intrameduilary nail of claim 1 wherein aach of said at least
one slot has sufficient width to form an unbound joint permitling limited movement in
any direction upon application of tensile, compressive, andfor torsion forces.

12.  The flexible intramedullary nail of claim 1 wherein each of said at least one
slot has an increased width in a first direction compared o a second direction to
provide increased flexibdity in said first directon.

13. The flexible intramedullary nail of claim 11 wherein said varied flexibility is
achieved by varying the pitch of the helical siot and helix angle, said helical angle
being in the range of about 5 degrees to about 45 degrees and/or the amplitude and

frequency of the slot cycle.

14.  The flexible intrameduliary nail of claim 11 wherein said varied flexibility is
achieved by varying the width of the helical siot.

18.  The flexible intramedullary nail of claim 11 further comprising a plurality of the
concentric slots, the varied flexibilily is achieved by varying the amplitude of the
concentric slot and/or the spacing between concentric siois.

16, . The flexible intramedullary naill of claim 1 wherein said the ratio of the
amphitude of the path to the pitch of the slot is in the range from greater than 0.1 to
about 0.8

17.  The flexible intrameduliary nail of claim 1 further comprising an elastomeric
material, said elastomeric material interacting with said flexible intrameduliary nail
from at least one of the group comprising:
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at least one of said at least one siot being filled;

at least one portion of said inside core adjacent to said at ieast one flexible
center section being filled;

said insider core being filled;
elastomeric material extending through and filling, said at least one slof;

elastomeric material encompassing at least a portion of said exterior diameter
of sald spinal element;

elastomeric material encompassing said exterior diameter, filling and
extending through said at least one siot;

elastormneric material encompassing at least a portion of said exderior diameter
of said spinal element.

18. The flexible intramedullary nail of claim 1 wherein a first of said at least one
flexible center section and a second of said at least one flexible center section are
separated by a non-siotied section.

149.  The fexible intrameduliary nail of claim 16 wherein a first of said at least one
flexible center section and a second of said at {east one flexible center section are
separated by a non-slotted section.

20,  The flexible inframedullary nail of claim 3 wherein the helical path of said at
lzast one slot is about 0.25 to about 5 cycles per diameter length and the helical

angle ranges from about 5 degrees o about 20 degrees..

21, The flexible intramedullary nail of claim 1 wherein saidwidth-each of said at
least one slot has a width between about 0.5% and about 5.0% of the diameter of
said flexible nail.

22.  The flexible intrameduliary nail of claim 1 further comprising a flexible
insertion shaft, said flexible insertion shaft having:

a body, said body having a serpentine siot along its length and
dimensioned {o fit within said hollow body of said flexible nail;
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threaded leading end segment, said leading end segment having at
least one cutlling recesses,;
an attachment hub, said attachment connecting said threaded leading
segment to said body;
a trailing end;
a trafling end locking bolt having an end hub, said end hub having:
attachment means for receiving a driving mechanism;
threads, said threads being dimensioned {0 receive the flexible
nail and;
fingers, said fingers been dimensionead fo receive and compress
said flexible insertion upon threading and tightening said end hub on said trailing end
of said nail.

23. The flexible intframedullary nail of claim 1 further comprising a locking shaft,
said tocking shaft having:

a rod, said rod being flexibie;

multiple roller sets each of said multiple roller sets comprising at least a
pair of rollers and spacers and having an outer diameter dimensioned to be received
in said flexible intramedullary nail, said roller sets having a receiving hole, said
receiving hole being offset from center and dimensioned to receive said rod;
wherein rotation of said rod rotates said multiple roller sets {o wedge them against
the interior of said flexible inframedullary nail.

24, The flexible intramedullary nail of claim 23 having a said locking shaft with
said spacers and said rollers wherein said spacers are non-rotatably affixed {o said

rod and said rollers are rotatable on said rod.

25.  The flexible intramedullary nail of claim 23 having a said locking shaft with
said spacers and said rollers wherain said spacers and said rollers are non-rofatably

affixed to said rod.

28. A system for the stabilization of fong bones comprising:
a flexible intramedudiary nail, said flexible nail having a
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a leading segment, said leading segment having an entry hole at
a distal end;
a trailing segment, said trailing segment having a trailing edge
and an attachment mechanism,
at least one flexible center section, each of said at least one
center section having at least one slot to provide flexibility;
a flexible locking shaft, said flexible locking shaft having:
a rod, said rod being flexible;
muitiple roller sets each of said multiple roller sets comprising at
least a pair of rollers and spacers and having an outer diameter dimensioned to be
received in said flexible intramedullary nail, said roller sets having a receiving hole,
said receiving hole being offset from centeriine of the roller and dimensioned {o
receive said rod,
a trailing end,
a trailing end focking bolt having an end hub, said end hub having:
attachment means for receiving & driving mechanism,
wherein rotation of said rod rotates said multiple roller sets, such that said multiple
roller sets are wedged against the interior of said flexible intrameduliary nail.

27.  The system of claim 25 wherein said spacers are non-rotatably affixed to said
rod and said rollers are rotatable on said rod.

28, The flexible inframedullary nail of claim 25 wherein said spacers and said

roflers are non-rotatably affixed to said rod.

28, A system for the siabilization of jong bones comprising
a flexible intramedigdiary nail, said flexible nail having:
a leading segment, said leading segment having an entry hole at
a distal end;
a trailing segment, said trailing segment having a trailing edge
and an attachment mechanism;
at least one flexible center section, each of said at least one
center section having at least one flexibility providing siot;
a flexible insertion shaft, said flexible insertion shaft having:
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a serpentine slot along ifs length;
threaded leading end segment having one or more cutling

recesses;
an atiachment hub;
a trailing end;
a trailing end locking bolt having an end hub, said end hub
having:

attachment means for receiving a driving mechanism;
threads, said threads being dimensioned to receive the
flexible nail and; and
fingers:
wherein satd threaded end segmentis screwable into a bone past a fracture
site, said flexible nail being slidable over said insertion shaft to secure said leading
segment of said flexible a nail to said threaded leading end of said insertion shaft at
said attachment hub, said tralling end locking bolt being positionabie over said

trailing and of said insertion shafl o secure sald trailing end of said nail.

30. The system of claim 28 wherein tightening said trailing and locking bolt
compresses said fingers and thereby grips said insertion shaft.

31.  The method of stabilizing a long bone having a fracture comprising the steps
of:

attaching a threaded leading edge having at least one cutting recess to a
flexible insertion shaft with an attachment hub;

inserting said flexible insertion shaft into a fractured bone;

securing said leading edge {0 the bone beyond said fracture,;

passing g flexible intrameduiiary nail over said flexible insertion shafi;

locking said flexible intramedullary nail in place with said flexible insertion
shaft with a trailing end locking bolf.

32. The method of stabilizing a fong bone having a fracture comprising the steps
of:
preparing said bone {0 receive an inser{;
inserting a flexible intrameduiiary nail having a hollow body into the bone;
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securing a leading edge of said flexible intramedullary nail to the bone
beyond said fracture;

inserting into said flexible intramedullary nall a flexible locking shaft having a
flexible rod, and mufltiple roller sets, each of said roller sets comprising at least a
pair of rollers and spacers and having an outer diameter dimensioned to be received
within the flexible intrameduliary nall, said rofler sets having a receiving hole, said
receiving hole being offset from center and dimensioned to receive the rod,

rotating said locking shaft within said flexible intrameduliary nail and wedging
said muitiple roller sets again the interior of said flexible intramedullary nail,

focking said flexible intramedullary nall in a desired configuration through said
rotation,

focking said locking shaft in place with a frailing end locking bolt, said trailing
end locking bolt having threads 1o engage said nail and fingers to grip said locking
shaft.

33. The method of claim 31 further comprising the step of:

attaching a threaded leading edge to said flexible locking shaft with an
attachment hub;

inserting said flexible locking shafl into a fractured bone;

securing said leading edge beyond said fracture;

passing said flexible intramedufiary nail over said flexible focking shaft;

focking said flexible intramedullary nail in place with said flexible locking shafi,
by means of a trailing end focking bolt.

34. Aflexible locking shaft, said locking shaft having:

a rod, said rod being flexible;

mulliple roller sets each of said multiple roller sets comprising at least a pair of
roflers and spacers and having an outer diamster dimensioned {0 be received in said
flexible inframedullary nall, a roller set of said multiple roller sets having a receiing
hote, said receiving hole being centrally offset from-canter and dimensioned {o
receive said rod;

said rod being rotatable such that rotation of said rod rotates said multiple
roller sets and thereby wedging said muitiple roller sets against the interior of said
flexible intramedullary nail.
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35 The flexible locking shaft of claim 34 wherein said spacers are non-rotatably
affixed to said rod and said rollers are rotatable on said rod.

36. The flexible intramedullary nail of ¢claim 28 wherein said spacers and said
roflers are non-rotatably affixed o said rod,
wherein said receiving hole offset from center positions, said muitiple roller
sets {0 lock against the interior of said flexible intraocular nail upon rotation of said
rod. A flexible insertion shaft, said flexible insertion shaff having:
a body, said body having a serpentine slot along its length and dimensioned
{o fit within said hollow body of a flexible nail;
threaded leading end segment, said leading end segment having one or more
cutting recesses,
an attachment hub, said attachment connecting said threaded feading
segment to said body,
g frailing end;
a trailing end locking bolt having an end hub, said end hub having:
driving mechanism receiving attachment means; ;
threads said threads being dimensioned {0 receive the flexible nail; and
fingers, said fingers been dimensioned to receive and compress said
flexible insertion shaft upon threading and tightening said end hub on said
trading and if said nail:
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