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(57) ABSTRACT 

An implant for ?lling and/or distracting a body region, 
particularly a non-soft tissue cavity, has a plurality of 
segments Wherein at least tWo of the segments are ?exibly 
connected. The segments have a crush-strength suf?cient to 
create and/or maintain the distraction of tWo or more non 

soft tissue body surfaces, and to maintain the stability of the 
body region. The implant may be inserted into a cavity by an 
applicator having a cannula With a distal opening, and a 
rotary driver for applying force to move the implant Within 
the cannula. 
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METHOD AND APPARATUS FOR FILLING A 
CAVITY 

FIELD 

[0001] Described here are non-soft tissue cavity implants, 
implant applicators, delivery devices, and methods for using 
them. In particular, the description relates to implants having 
a plurality of ?exibly connected segments having a strength 
sufficient to support, to ?ll, to create, to maintain, or to 
distract a bone cavity such as might be found in a fractured 
vertebral body, and methods and devices for inserting 
implants into non-soft tissue cavities such as bone cavities. 

BACKGROUND 

[0002] Proper treatment of orthopedic conditions such as 
trauma, fractures, non-unions, tumors, cysts, and certain 
fusion procedures may involve ?lling a cavity that has been 
created by the pathology itself or by the action of a surgeon. 
Often the cavities are compressed, and require that the 
surfaces of the cavity be distracted from one another and 
then supported to return the bone structure to its anatomic 
position and form. Furthermore, because non-soft tissues 
such as bone have a structural and support role in the body, 
it is critical that such cavities be repaired to alloW reliable 
strength and support. 

[0003] Compression fractures are one type of hard tissue 
injuries belonging to a class of conditions that may be 
treated using devices and methods for separating, distract 
ing, and supporting a fractured bone. For example, vertebral 
compression fractures are crushing injuries to one or more 
vertebra. Avertebral compression injury may be the result of 
a trauma to the spine, an underlying medical condition, or a 
combination of a trauma and an underlying condition. 
Osteoporosis and metastatic cancers are common medical 
conditions that also contribute to vertebral compression 
fractures because they Weaken spinal bone, predisposing it 
to compressive injury. 

[0004] Osteoporosis is a degenerative disease that reduces 
bone density, and makes bone more prone to fractures such 
as compression fractures. An osteoporosis-Weakened bone 
can collapse during even normal activity. According to the 
National Institute of Health, vertebral compression fractures 
are the most common type of osteoporotic fractures. 

[0005] Vertebral fractures may be painful and may deform 
the shape of the spine, resulting in unhealthy pressure on 
other parts of the body, loss of height, and changes in the 
body’s center of gravity. Untreated, such changes and the 
resulting discomfort can become permanent, since the bone 
heals Without expanding the compression. 

[0006] Existing methods of treating bone injuries such as 
compression fractures and bone voids may involve highly 
invasive or inadequate treatments. For example, one method 
of treatment is percutaneous vertebroplasty. Vertebroplasty 
involves injecting bone ?ller (such as bone cement) into the 
collapsed vertebra to stabiliZe and strengthen the crushed 
bone. In vertebroplasty, physicians typically insert a small 
diameter guide Wire or needle along the pedicle path 
intended for the bone ?ller delivery needle. The guide Wire 
is advanced into the vertebral body under ?uoroscopic 
guidance to the delivery point Within the vertebrae. The 
access channel into the vertebra may be enlarged to accom 
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modate the delivery tube. In some cases, the delivery tube is 
placed directly into a vertebral body and forms its oWn 
opening. In other cases, an access cannula is placed over the 
guide Wire and advanced into the vertebral body. In both 
cases, a holloW needle or similar tube is placed into the 
vertebral body and used to deliver the bone ?ller into the 
vertebra. 

[0007] When ?lling a bone cavity With bone ?ller using 
traditional vertebroplasty, ?llers With loWer viscosities may 
leak. Further, even ?llers having loW viscosities may require 
the application of a high pressure to disperse the bone ?ller 
throughout the vertebral body. HoWever, application of high 
pressure also increases the risk of bone ?ller extravasation 
from the vertebral body. Conversely, injecting a bone ?ller 
having a higher viscosity may provide an even greater risk 
of “leaking” bone ?ller into sensitive adjacent body areas. 
Leaks or extrusion of the bone ?ller may be dangerous to a 
patient’s health. For example, posterior extravasation from a 
vertebral body may cause spinal cord trauma, perhaps result 
ing in paralysis. Risk of leakage is even more acute When a 
bone ?ller is applied under pressure to expand a compres 
sion fracture, especially if the fracture has begun healing and 
requires substantial force to distract the cavity surfaces. 

[0008] Furthermore, most bone cements and bone ?llers 
are dif?cult to remove or to adjust. Removal and adjustment 
may be important When distracting a bone cavity. For 
example, removing a precise amount of bone ?ller may 
alloW a surgeon to adjust the level of distraction of a 
vertebral compression fracture and correct the shape of the 
compressed bone. Many bone cements, once set, are difficult 
or impossible to remove Without further, highly invasive, 
surgery. Even if the removal is attempted prior to the 
expiration of the setting time, the materials may have 
non-NeWtonian ?oW characteristics requiring a substantial 
removal vacuum to achieve an initial and sudden movement. 

[0009] The implant could be utiliZed in any area of non 
soft tissue Where the ?lling of a cavity With stability and 
control is desired, for example, intervetebral disc repair, hip, 
tibia, and other areas of bone displacement. 

[0010] In addition to traditional bone cements, a handful 
of other bone cavity ?lling materials have been suggested. In 
particular, biodegradable and/or bioabsorbable bone-?lling 
devices have been suggested. For example, US. Pat. No. 
5,756,127 to Grisoni et al. describes a bioresorbable string 
of calcium sulfate hemihydrate (Plaster of Paris) beads and 
a means for producing these beads. HoWever, the Grisoni 
device is not intended for distracting a non-soft tissue cavity, 
and has many disadvantages. Calcium sulfate hemihydrate 
(Plaster of Paris) and similar materials have loW crush 
strength, making them unreliable as materials to distract and 
later support a bone cavity, particularly during the early 
stages of the healing process. Filling materials that are 
readily compressed or crushed, may shift Within, or exit the 
bone cavity altogether, leading to detrimental changes in the 
shape of the corrected bone. Materials With loW crush 
strength (particularly those materials having crush strengths 
less than that of normal bone) are poor choices in Withstand 
ing the stress of distracting the bone surfaces, and may be 
unable to maintain the distracted shape of the bone after 
?lling a bone cavity. Similar materials are the subjects of 
US. Pat. No. 6,579,533 to Tormala et al. 

[0011] US. Pat. No. 5,702,454 to Baumgartner describes 
an implant made of an elastic plastic for implanting into an 
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intervertebral disk. Because the Baumgartner implant is 
elastic, it may be less effective for ?lling and distracting 
body cavities bene?ting from implants having some stiff 
ness, such as non-soft tissue cavities. This is particularly true 
Where sustained distraction is desired. 

[0012] US. Pat. No. 6,595,998 to Johnson et al. describes 
a tissue distraction device in Which Wafers are inserted to 
distract a tissue cavity by forming a Wafer stack Within the 
cavity. HoWever, Johnson’s column of Wafers is not ame 
nable to providing uniform support to all surfaces of a bone 
cavity, When such support is needed. For example, a tissue 
cavity supported or distracted on all sides of the cavity may 
be more stable. 

[0013] US. Pat. No. 5,958,465 to Klemm et al. describes 
a method and apparatus for making a drug containing 
implants in the form of a string of beads comprising chains 
of small drug-containing plastic bodies arranged in series on 
a surgical Wire or thread. Similar drug implanted beads-on 
a-string are described in US. Pat. No. 6,183,768 to Harle 
and German Patents 2320373 to Klemm and 2651441 to 
Heusser. The Klemm, Harle, and Heusser implants are 
designed for drug delivery, and are embedded With one or 
more drugs Which are released from the plastic (e. g. PMMA) 
beads (also called “corpuscles”). Thus, these implants may 
be limited in strength and durability because of the inclusion 
of a releasable drug, as Well as the properties and shape of 
the implant beads. 

[0014] In any event, none of the cited documents shoW the 
device and methods disclosed beloW. 

BRIEF SUMMARY 

[0015] Broadly, described here are segmented implants for 
?lling a non-soft tissue cavity, applicators for inserting 
implants, and methods of using the segmented implants and 
applicators to ?ll and/or distract tissue cavities. In particular, 
the implants described here may be used for ?lling and/or 
distracting non-soft tissue cavities such as a bone cavity. 
Generally, the segmented implants described here comprise 
a plurality of segments, Where at least tWo of the segments 
are ?exibly connected, and con?gured for insertion into a 
body region. The segments provide implant segment dis 
tractibility to the body region, and stability to the body 
region into Which they are introduced. In some variations of 
the implant described herein, the segments have suf?cient 
material strength to distract tWo or more non-soft tissue 
surfaces. In some versions, the material strength is crush 
strength, so that the segments of an implant have suf?cient 
crush strength to alloW and sustain the distraction of non 
soft tissue surfaces. Thus, the implant is inserted into a 
cavity to distract, to expand, to reduce, or to support the 
cavity, typically ?lling the cavity and maintaining a desired 
shape. 

[0016] At least a portion of the segments of the implant 
may be con?gured so that the implant may be introduced 
into a body region by engaging a rotating introducer mem 
ber. For example, a rotatable driver may be used to introduce 
the segments of the implant into a body region using an 
applicator as described herein. In some versions, the seg 
ments are con?gured as pellets. 

[0017] The implant may also include a ?uent material 
(such as bone cement). Thus, for example, the ?uent mate 
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rial may be added to a bone cavity that has been distracted 
by the ?exibly connected segments of the implant. The 
segments may also include a channel or channels to facilitate 
the passage of a ?uent material, for example a bone cement 
that may eventually harden. 

[0018] TWo or more of the implant segments may be 
connected in any Way alloWing suf?cient ?exibility so that 
the implant may be introduced into body region such as a 
bone holloW. The implant segments may include a connec 
tion material for connecting segments of the implant. Con 
nection material may comprise, for instance, a string, ?ber 
or Wire, variously of single or multiple strands. The con 
necting string, ?ber or Wire may be ?exible to alloW the 
segments to be inserted into the chosen treatment site. 
Suitable examples of ?bers include those used as suture 
materials, biodegradable or not, e.g., polylactic acids, polyg 
lycolic acids, mixtures and copolymers of polylactic and 
polyglycolic acids (PGLA such as “Vicryl” from Ethicon 
and “Dexon” from Davis & Geck), polydioxanone, various 
Nylons, polypropylene, silk, etc.). In this variation, the 
segments may comprise pellets With openings for stringing 
or be made adherent to a string, ?ber or Wire by means of 
manufacturing, glue, adhesive, or the like, or by simply 
placing the glue betWeen the pellets. The Wires may com 
prise one or more ?laments comprising suitably biocompat 
ible metals or alloys, e.g., stainless steels or superelastic 
alloys. 

[0019] The segments may be connected by placement 
Within a ?exible tube, variously a solid or continuous Walled 
tube, a solid or continuous Walled tube having openings in 
the Wall, or a netting Woven from string or ?ber. The ?exible 
tube may comprise one or more membranes, optionally an 
expandable or a stretchable material. Suitable materials 
include polymers, (e.g., poly?uorocarbons such as the vari 
ous Te?ons (including PTFE and expanded PTFE—ePTFE 
such as is sold as GORETEX), polypropylene, polyethylene, 
polyoxymethylene, polycarbonate, polyesters (including 
polyamides such as the Nylons), polyphenylene oxide, and 
polyurethane) or elastomeric polymers (e.g. various Sili 
cones, natural rubber, butadiene-styrene rubber, carboxylic 
butadiene-styrene, butadiene-acrylonitrile rubber, carboxy 
lic butadiene-acrylonitrile rubber, chlorobutadiene rubber, 
polybutadiene rubber, silicone rubbers, and acrylate rubbers, 
perhaps vulcaniZed, and other elastomeric materials) or a 
composite material. The expandable membrane may option 
ally be ?lled, for example With a ?uent material or a bone 
cement, before or after the implant has been inserted into the 
bone cavity. The ?exible tube may comprise a Woven or 
non-Woven material of non-synthetic materials (eg cotton, 
silk, and the like), polymers such as those listed above, and 
blends or mixtures of the previously mentioned materials. 
The segments may also be connected by a string, ?ber, or 
Wire in addition to the ?exible tube. 

[0020] The segments may be connected by adhesives or 
glues, such as solvent- or catalyst-curable materials includ 
ing silicone glues, rubbery epoxies, and adhesives suitable 
for the materials forming the segments. 

[0021] The segments of the implant may be severable, 
singly or in groups, such as by severing the connection 
betWeen the segments. The implant may be severed remotely 
by a user. The implant may be severed mechanically, chemi 
cally, thermally, or electrically. The implant may be severed 
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While inserting it into a non-soft tissue cavity or after the 
implant has been inserted into a cavity. In one version, the 
connection material connecting ?exibly connected segments 
may be removed from one or more segments Without 
severing the material. For example, When a ?exible joining 
material connecting the segments is a ?ber, the ?ber may be 
removed from the ?exibly connected segments (e.g. pellets) 
after they have been inserted. 

[0022] The implant may include segments that are mov 
ably connected along the axis of the implant. The segments 
may be slideably positioned Within a ?exible tube. The 
segments may be slidably connected on one or more stings, 
?bers, or Wires. Some of the segments may be held in a ?xed 
location While others are movable along the axis of the 
implant. 

[0023] The implant may include segments of different 
siZes. The implant may include segments of different shapes, 
such as substantially spherical, substantially cubic, faceted 
or shaped to facilitate space packing Within a cavity, or of 
random shapes. The segments may be cooperatively shaped 
to interlock or to interconnect to other nearby segments. 

[0024] The implant may comprise coated segments. The 
segments may have a medicinal coating. The segments may 
include pellets With a coating that alloWs them to crosslink 
With each other. The segments may be porous or solid. The 
segments may be imbedded or infused With any compound, 
for example a therapeutic or medicinal compound so long as 
the segments provide distractability and stability to the body 
region into Which they are inserted, eg a bone cavity. 

[0025] In some variations of the implant, the segments 
have a crush strength suf?cient to maintain the distraction of 
tWo or more surfaces of a bone cavity. In such variation, the 
segments comprise a material selected to have a minimum 
adequate crush strength. In any case, the segments may 
comprise one or more polymers, one or more metals or 

alloys, and one or more inorganic materials such as ceramics 
and inorganic oxides and phosphates. The segments may 
comprise a variety of composite materials, e.g., layered, 
mixed, etc. The segment materials may comprise either or 
both of biodegradable and non-biodegradable materials. The 
implant may include segments of different compositions. In 
one version, at least one of the segments includes a radio 
paque material to help in visualiZing the implant assembly 
(e.g., during insertion). 
[0026] Also described herein are implants for ?lling hard 
tissue cavities having a plurality of connected segments 
Wherein at least tWo of the segments are ?exibly connected. 
The segments are con?gured for insertion and packing into 
a hard tissue cavity and have a material strength alloWing 
them to distract tWo or more of the hard tissue surfaces. In 
one version, the material strength is compressive strength. In 
one version, the segments have a compressive strength of 
greater than about 20 MPa. In one version, the segments of 
the implant assemblage have a compressive strength less 
than cortical bone. In one version, the segments of the 
implant assemblage have a compressive strength of betWeen 
about 20 MPa and about 160 MPa. In one version, the 
segments of the implant have a compressive strength of 
betWeen about 100 and 160 MPa. 

[0027] In one version, an implant assemblage for ?lling a 
non-soft tissue cavity comprises an implant including a 
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plurality of ?exibly connected segments con?gured for 
insertion into a bone cavity. The implant segments have a 
crush strength suf?cient to maintain the distraction of tWo or 
more bone surfaces and also to maintain a selected shape 
Within the cavity. In one version, the implant segments have 
a sufficient crush strength to maintain the distraction and/or 
shape of a non-soft tissue cavity over time. Thus, the implant 
may be used to stabiliZe a body region after ?lling and/or 
distracting. In one version, the implant is intended for 
long-term use in a body region (e.g. hard tissue cavity). 

[0028] Also described herein are applicators for introduc 
ing or inserting an implant into a tissue cavity comprising a 
cannula With a distal end that can be inserted into the cavity. 
A region at or near the distal end of the cannula is open to 
alloW the passage of an implant into the cavity. The appli 
cator can connect to a feed guide at the proximal end of the 
cannula so that an implant (for example, an implant com 
prising a plurality of ?exibly connected segments) may be 
moved Within the cannula from the feed guide using a 
rotating driver to apply force to at least one region of the 
implant (eg one region of an implant segment). The rotary 
driver may be located at least partly in the feed guide. The 
rotary driver may be located at least partly in the cannula. 

[0029] Implants compatible With this applicator include 
particles, ?uent material, pellets, and particularly linear 
arrays of material (e. g. a segmented implant). In one version, 
the implant applied by the applicator is the segmented 
implant assembly described herein. In one version, an 
implant compatible With the applicator is a loose pellet or 
segment. In one version, an implant compatible With the 
applicator is a quantum of any solid material desired to be 
packed into a tissue cavity. 

[0030] The applicator may also include a force gauge 
con?gured to indicate the force applied by the driver to 
move the implant. In one version, the applicator includes a 
display. The display may indicate force applied, volume (cc) 
inserted, amount of implant inserted, and/or amount of 
implant material remaining in the applicator, for example. 

[0031] The applicator may also include a trocar at the 
distal end of the cannula. The application may also include 
a gripper at the distal end of the cannula for gripping the 
bone, therefore resisting ‘back out’ once the implant material 
(eg implant segments) pack and exhibit resisting force to 
implant material advancement. The gripper may be engage 
able by a user. 

[0032] The applicator may also include a sWitch-able 
gripper to resist implant material motion in either direction 
per user choice. The applicator may also include a cutter for 
cutting the implant, particularly When using the applicator 
With implants having severable segment connections, 
thereby severing the connection betWeen the connected 
segments. The cutter may be a mechanical cutter, an elec 
trical cutter, a chemical cutter or a thermal cutter. The cutter 
may be activated by an actuator controllable by a user. 

[0033] The driver of the applicator may include any driver 
Which actuates movement of the implant (or a part of the 
implant) by rotating a region of the driver that contacts at 
least a region of the implant. In one version, the rotating 
driver of the applicator includes an auger. For example, an 
applicator can insert or remove a segmented implant assem 
bly by engaging at least one region of a segment of the 
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implant. Rotating the auger one direction drives the implant 
forward (toWards the distal end of the cannula), While 
rotating the auger in the opposite direction drives the 
implant backwards (toWards the proximal end of the can 
nula). The auger may be at least partly located in the cannula 
of the applicator. 

[0034] The applicator driver may comprise a cog con?g 
ured to engage an implant. Rotating the cog one direction 
drives an implant forWard (toWards the distal end of the 
cannula), While rotating the cog in the opposite direction 
urges the implant back toWards the proximal end of the 
cannula (removing them from the tissue cavity). In one 
version, the cog is a friction Wheel. 

[0035] The applicator may also include a controller for 
controlling the driver. The controller may be con?gured to 
activate the driver. The controller may be con?gured to 
determine the direction of force applied by the driver (in the 
distal or proximal direction doWn the cannula). Applying 
force doWn the cannula in the distal direction moves an 
implant out of the distal end of the cannula (e.g. inserting an 
implant into a bone cavity); applying force doWn the cannula 
in the proximal direction moves an implant in the proximal 
direction (e.g., WithdraWing an implant from a non-soft 
tissue cavity). The controller may also be con?gured to 
determine the amount of force applied by the driver. The 
controller may be con?gured to be manually operated by a 
user. 

[0036] The feed guide of the implant may include a 
cartridge pre-loaded With an implant. The driver may engage 
the distal-most portion of an implant (eg a segment) of the 
preloaded implant and apply force to drive the implant 
distally doWn the cannula. The driver may also be con?g 
ured to apply force in the proximal direction to WithdraW the 
implant. 

[0037] The applicator’s distal cannula opening may be 
located on the distal end. The distal opening of the cannula 
may be located more proximally than the distal tip of the 
cannula to aid in inserting an implant in a cavity. In one 
version the distal opening of the cannula is located on an 
angle from the distal tip of the cannula. The distal opening 
of the cannula may be located on a side perpendicular to the 
long axis of the cannula. 

[0038] Methods of distracting a non-soft tissue cavity 
(including a bone cavity) are described. A method of dis 
tracting a non-soft tissue cavity includes providing an 
implant for ?lling a bone cavity comprising a plurality of 
?exibly connected segments, Where the segments have a 
crush strength suf?cient to maintain the distraction of tWo or 
more tissue cavity surfaces. The method of distracting a 
non-soft tissue cavity further includes inserting the ?exibly 
connected segments into the bone cavity. 

[0039] Methods of ?lling a tissue cavity are described. A 
method of ?lling a tissue cavity includes providing an 
implant for ?lling a cavity, and providing an applicator for 
introducing the implant into the cavity. The applicator 
includes a cannula con?gured to pass at least a region of the 
implant, and a rotary driver at least partly Within the cannula. 
The method further includes inserting the ?exibly connected 
segments into the bone cavity. The methods of ?lling and/or 
distracting a bone cavity may also include using a rotating 
auger to drive the implant into the bone cavity. 
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[0040] The method of ?lling and/or distracting a non-soft 
tissue cavity may also include applying force to the implant 
to insert the implant Within the bone cavity. The method of 
?lling or distracting a bone cavity may also include mea 
suring the force applied. 

[0041] The method of ?lling and/or distracting a non-soft 
tissue cavity may also include removing the implant once a 
void is created Within a non-soft tissue and/or a desired 
elevation or expansion of a cavity has been achieved. 

[0042] The method of ?lling and/or distracting a non-soft 
tissue cavity may be performed Where the bone cavity is a 
fractured vertebral body. This method may further include 
inserting the implant into the bone cavity until the normal 
height or shape of the vertebral body is substantially 
attained. 

[0043] The method of ?lling and/or distracting a non-soft 
tissue cavity may include providing a ?uent ?ller (eg a 
bone cement) Within the cavity. In one version, the non-soft 
tissue cavity is a hard tissue cavity. In one version the 
non-soft tissue cavity is a bone cavity. 

[0044] The method of ?lling and/or distracting a non-soft 
tissue cavity may also include providing a closure. Suitable 
closures include, but are not limited to, screW-type closures, 
particularly screW-closures. Suitable closures may also have 
a compaction enhancer, such as a spring element, to aid 
compaction and/or securing of the implant. The method of 
?lling and/or distracting a non-soft tissue cavity may also 
include closing the soft-tissue cavity With a closure. 

[0045] Also described herein are kits for ?lling a hard 
tissue cavity including an implant and an applicator. 
Implants appropriate for the kit include implant assemblages 
comprising a plurality of segments Wherein at least tWo of 
the segments are ?exibly connected and the implant seg 
ments are capable of distracting and providing stability to a 
non-soft tissue body region. Applicators appropriate for the 
kit comprise a cannula con?gured to pass at least a region of 
the implant and a rotary driver at last partly Within the 
cannula con?gured to apply force to at least a region of the 
implant. The kits may also include ?uent material (eg bone 
cement), one or more gauges (e.g. force gauge), and/or a 
display con?gured to shoW the status of the implant inser 
tion. The display might shoW the force applied to an implant, 
the length of the implant inserted, the volume ?lled, etc. The 
kits may also include compaction tools, e.g., vibrational 
probes, tamps, etc. Kits may also include closures, e.g., 
screWs, compaction screWs, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] Embodiments or variations are noW described by 
Way of example With reference to the accompanying draW 
ings. 
[0047] FIGS. 1A to IE shoW variations of the described 
implant; 

[0048] 
implant; 

[0049] FIGS. 3A to 3E, 3G, 31 to 3T shoW variations of 
the described implant; 

[0050] FIGS. 3F, 3H, 3W and 3X illustrate variations of 
interlocking segments of the described implant; 

FIGS. 2A to 2F shoW variations of the described 
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[0051] FIGS. 4A to 4D show variations of the described 
implant; 
[0052] FIG. 5 illustrates a variation of an applicator for 
the implant; 

[0053] FIGS. 6A to 6C illustrate variations of the distal 
cannula tip of an applicator; 

[0054] FIGS. 7A and 7B shoW one variation of an appli 
cator driver; 

[0055] FIG. 7C shoWs another variation of an applicator 
driver; 
[0056] FIG. 7D shoWs the relationship betWeen an appli 
cator and variations of the driver; 

[0057] FIGS. 8A to SC shoW insertion of an implant into 
a vertebral body; 

[0058] FIGS. 9A and 9B shoW a screW closure compat 
ible With the implants and applicators described herein. FIG. 
9B is a schematic cross-section of the screW closure shoWn 
in FIG. 9A taken along the longitudinal plane A-A. 

[0059] FIG. 10 shoWs a cutter for cutting segments of the 
implant as described herein. 

DETAILED DESCRIPTION 

[0060] In the draWings, reference numeral 10 generally 
denotes an exemplary embodiment of a segmented implant 
for distracting, ?lling, creating, or maintaining a cavity in a 
non-soft tissue. The implant, applicator, and methods of use 
may be used for distracting, supporting, ?lling, creating and 
maintaining the siZe of virtually any non-soft tissue cavity, 
particularly hard tissue cavities, including but not limited to: 
bone separations, fractures (including compression frac 
tures), non-unions, removed tumors, removed cysts, in con 
junction With joint replacement implants, and certain fusion 
procedures. Although example of implants, implant appli 
cators, combinations of implants and applicators and meth 
ods of using the implants are described in the context of 
treating a vertebral compression fracture, the devices and 
methods of use described are not intended to be limited to 
vertebral compression fractures. 

[0061] The implants, applicators and methods described 
herein are particularly relevant to insertion into body regions 
such as non-soft tissue cavities. Non-soft tissue cavities 
include hard tissues cavities such as cavities or voids such as 
bones, as Well as cartilage, and bone connected to ligament 
and/or muscle, scar tissues, and other mineraliZed (e.g. 
calci?ed) tissues. Non-soft tissue cavities also include tis 
sues cavities having at least one hard surface, including 
tissues having mixed compositions. For example, non-soft 
tissue cavities include cavities abutting bone, or cavities 
surrounded by bone, such as cavities Within the spinal disk 
space, cavities Within the bone marroW, and cavities adjacent 
to bone or bone and ligament. 

[0062] FIGS. 1A to 1E illustrate variations of implants for 
distracting or ?lling a tissue cavity. The implant 10 in each 
of FIGS. 1A to 1E includes a plurality of segments (illus 
trated as pellets) that are ?exibly joined. Segments of the 
segmented implants may include one or more pellets. A 
perspective vieW of an implant is shoWn in FIG. 1A. The 
segments 12 are shoWn as spherical pellets that are con 
nected by a centrally located Wire, string, or ?ber 16. The 
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joined pellets form a connected construct seen as a ?exible 
linear array that may be inserted into a cavity to distract the 
cavity Walls, to ?ll the cavity, or to provide continuing 
support to the cavity. As used herein, unless the context 
makes clear otherWise, “distract” or “distracting” refers to 
the process of separating (or enlarging) the Walls of a cavity, 
particularly a bone cavity. 

[0063] Crush Strength 

[0064] An implant may be used to distract, to ?ll, to create 
or to maintain the siZe or shape of a hard tissue body cavity 
such as a bone cavity. In one version, the described implant’s 
segments 12 have crush strength adequate to Withstand the 
forces required to distract and support the cavity Without 
substantial compression or breaking of the segments. Crush 
strength is de?ned as average crush load per unit cross 
sectional area at Which the structure Will break or crack, and 
may be expressed in pounds per square inch or megaPascals 
(MPa). Of course, the shape of a segment has both individual 
and group effects upon the crush strength of the implant after 
installation. The crush strength of an individual segment 
pellet, hoWever, is a consideration for distracting a cavity. 
For roughly spherical pellets, force can be approximated as 
acting at discrete points on the surface of the sphere, so crush 
force may be approximated as the total force applied to crack 
the sphere. One factor effecting crush strength is compress 
ible strength of the material. 

[0065] Compressibility 
[0066] It may be bene?cial that the segments comprise any 
solid material having an appropriate compressible strength 
so that the implant assemblage is able to distract, ?ll and 
support a tissue cavity Without substantially deforming. The 
segments preferably comprise biocompatible solids With 
high compressive strength. Compressibility and incompress 
ibility generally describe the ability of molecules in a solid 
to be compacted or compressed (made more dense) under an 
applied force and/or their ability to return to their original 
density after removing the applied force. Compressibility of 
a solid may also be quanti?ed by the bulk modulus of the 
substance (bulk modulus is the inverse of compressibility, 
and is the change in volume of a solid substance as the 
pressure on it is changed). A relatively incompressible 
material Will have a higher bulk modulus than a more 
compressible material. 

[0067] The compressive strength of cortical bone is 
approximately 166 MPa, and the compressive strength of 
cancellous (spongy) bone is approximately 4 MPa. In one 
version, the implant should have a compressive strength of 
greater than approximately 20 MPa. In one version, the 
implant should have a compressive strength less than cor 
tical bone. In one version, the implant has a compressive 
strength betWeen about 20 and about 160 MPa. In one 
version, the implant has a compressive strength betWeen 
about 91 and about 160 MPa. In one version, the implant has 
a compressive strength betWeen about 100 and about 160 
MPa. As a reference, the compressive strength of calcium 
sulfate is approximately 11 MPa. 

[0068] Segment Materials 

[0069] The crush strength of the implant depends to a large 
extent, on the segment crush strength, Which is a function of 
the composition, and to a lesser degree, the shape of the 
segment. 
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[0070] Materials With appropriate crush strength include, 
but are not limited to, metals, alloys, ceramics, certain 
inorganic oxides and phosphates, polymers, bone derived 
material, and combinations of these materials. The following 
descriptions of segment materials represent versions of the 
implant, and are not intended to limit the scope of the 
implant or segment materials. The implant segment may 
comprise, consist of, or consist essentially of the materials 
identi?ed herein. 

[0071] Bioabsorbable (or bioerodible) and non-bioabsorb 
able (or non-bioerodible) material may be used in the 
implant separately or in combination. Typically, the non 
absorbable (or non-bioerodible) materials noted elseWhere 
provide segments and implants exhibiting a sustainable 
crush strength adequate to maintain the distraction of the 
cavity surfaces (e. g. bone cavity surfaces) over a long period 
of time. On the other hand, bioabsorbable (or bioerodible) 
segments exhibit a reduction in crush strength over time, as 
the material is acted upon by the body. HoWever, bioabsorb 
able materials may also permit substantial tissue in-groWth, 
alloWing tissue to replace implant material While maintain 
ing the distraction and supporting the ?lled cavity. In appli 
cations in Which the likelihood of tissue re-groWth is small, 
for example osteoporotic repair, a nonabsorbable implant 
may be desirable. Materials that are too rapidly bioabsorbed 
(for example, calcium sulfate hemihydrate) are generally 
inappropriate as segment materials, because they do not 
maintain the cavity structure and/or distraction. 

[0072] Metals that may be used as segment materials 
include, but are not limited to, biocompatible metals and 
alloys, such as stainless steels, gold, silver, tantalum, cobalt 
chromium, titanium, platinum, rhodium, rhenium, ruthe 
nium, and other alloys thereof, combinations thereof, or 
other equivalent materials. 

[0073] Ceramic materials that may be used in the seg 
ments may include, but are not limited to, alumina, carbon 
or tricalcium phosphate or sintered masses or single crystals 
of hydroxyapatite. Ceramics capable of high crush strengths 
may be particularly relevant. Also useful are refractory metal 
and semi-metal oxides (tantalum oxides, aluminum oxides), 
phosphates (calcium phosphates), phosphides, borides (nio 
bium borides, tungsten borides), carbides (aluminum car 
bides, boron carbides, niobium carbides, silicon carbides, 
tantalum carbides, titanium carbides, tungsten carbides, 
vanadium carbides, Zirconium carbides), nitrides (boron 
nitrides, chromium nitrides, silicon nitrides, tantalum 
nitrides, titanium nitrides, Zirconium nitrides), silicides (tan 
talum silicides, tungsten silicides, Zirconium silicides), their 
mixtures, variously sintered as porous particulates or as 
solid formations. 

[0074] Inorganic materials that may be used as segment 
materials include, but are not limited to, hardened glasses 
including oxides of silicon, sodium, calcium and phospho 
rous and combinations thereof. 

[0075] Polymers that may be used as segment materials 
include, but are not limited to, elastomers (natural and 
synthetic rubbers, silicone rubbers), polymethyl methacry 
late (PMMA), polyetheretherketone (PEEK), polym 
ethymethacrylate (PMMA), polyglycolic acid and/or poly 
lactic acid compounds, polyvinylchloride (PVC), 
polyethylene (PE, HDPE, UHMWPE, etc.), polystyrene 
(PS), polyesters (PET, polycaprolacton, polyglycolied, poy 
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lactide, poly-p-dixanone, poly-hydroxy-butylate), polya 
mides (Nylons, aromatic polyamides), polypropylene (PP), 
?uorocarbon polymers (PTFE, PTFCE, PVF, FEP) and other 
biocompatible materials. Other suitable polymers include: 
collagen and/or collagen derivative preparations alone or in 
combination With other biomaterials, chitin and chitosan 
preparations. 
[0076] Bone derived materials that may be used as seg 
ment materials include, but are not limited to, bone 
autografts, bone allografts, bone xenografts, bone-derived 
tissue, bone-derived collagen, and the like. 

[0077] Any combinations of these materials may be used 
as a segment material. Segments may include pellets of any 
of these materials, or combinations thereof. Finally, suitable 
knoWn materials acceptable for use as hard tissue implant 
materials include various osteogenic and osteoinductive 
compositions, and combinations thereof. Certain glassy car 
bon forms are also quite useful. 

[0078] Segment materials may also comprise radiopaque 
materials to enhance visualiZation of the implant, or the 
segments may incorporate a radiopaque material as a part of 
a segment (e.g., coatings, dispersed, or core materials). 
Examples of radiopaque materials include but are not lim 
ited to, barium sulfate, tungsten, bismuth compounds, tan 
talum, Zirconium, platinum, gold, silver, stainless steel, 
titanium, alloys thereof, combinations thereof, or other 
equivalent materials for use as radiographic agents. 

[0079] Coatings 
[0080] Segments may include coatings to modify the 
surface properties of the segments, to have a biological 
effect, and/or to facilitate the insertion or removal of the 
implant. The coatings may be of any thickness. In one 
version, the segment comprises layers of materials. In one 
version, the segment has a holloW core. 

[0081] In one version of the implant described herein, a 
segment or segments may be coated With a therapeutic or 
medicinal material, such as an antibiotic. Additional medici 
nal materials may include, but are not limited to, anticoagu 
lants and bone-groWth promoting agents. In one version of 
the implant, the segments may be coated With a cross-linking 
or bonding compound that could facilitate adhesion either 
betWeen the segments, With the body region, or both. In one 
version the segments are coated With a cross-linker that can 
be activated after insertion into the bone cavity, for example, 
by adding an activating compound, by time delay, or by 
temperature. In one version the segments are coated With a 
lubricant. 

[0082] The segments may comprise one or more thera 
peutic or medicinal materials situated aWay from the surface, 
e.g., in pores Within the segments. 

[0083] Drug Delivery Using the Implant 

[0084] The segments may also be embedded With one or 
more therapeutic or medicinal materials. For example, 
embedding the segments With an additional material may be 
particularly useful When the segment comprises a bioab 
sorbable (bioerodible) material. Thus, the segments may be 
used to deliver any drug or therapy. Drugs Which are 
particularly useful may include, but are not limited to, 
groWth factors and/or groWth promoters (e.g. bone derived 
groWth factors (BDGF), bone morphogenetic protein 




















