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(57) ABSTRACT 

A method of stabilizing adjacent vertebrae including the steps 
of forming at least one annulotomy in an annulus. At least a 
portion of the nucleus material is removed through the annu 
lotomy to form a cavity in an intervertebral disc space 
between the adjacent vertebrae. A reservoir containing a 
?oWable biomaterial is ?uidly coupled to the intervertebral 
disc space. A ?oWable biomaterial is delivered to the cavity. 
The delivery of the ?oWable biomaterial into the interverte 
bral disc space is controlled in accordance With at least a ?rst 
operating parameter. The biomaterial is at least partially 
cured to stabilize the adjacent vertebrae. 
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METHOD AND SYSTEM FOR STABILIZING 
ADJACENT VERTEBRAE 

[0001] The present application is a divisional of US. patent 
application Ser. No. 10/ 984,493 entitled MULTI-STAGE 
BIOMATERIAL INJECTION SYSTEM FOR SPINAL 
IMPLANTS and US. patent application Ser. No. 10/ 984,566 
entitled MULTI-STAGE BIOMATERIAL INJECTION 
SYSTEM FOR SPINAL IMPLANTS, both of Which claim 
the bene?t of US. Provisional Application Ser. No. 60/ 555, 
382 entitled MULTI-STAGE BIOMATERIAL INJECTION 
SYSTEM FOR SPINAL IMPLANTS ?led on Mar. 22, 2004, 
the complete disclosures of Which are hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method and appa 
ratus for stabilizing adjacent vertebrae With an in situ curable 
biomaterial using a biomaterial injection system to form an 
implant device and to a method for replacing, in Whole or in 
part, an intervertebral disc using the present method and 
apparatus. 

BACKGROUND OF THE INVENTION 

[0003] The intervertebral discs, Which are located betWeen 
adjacent vertebrae in the spine, provide structural support for 
the spine as Well as the distribution of forces exerted on the 
spinal column. An intervertebral disc consists of three major 
components: cartilage endplates, nucleus pulpous, and annu 
lus ?brosus. The central portion, the nucleus pulpous or 
nucleus, is relatively soft and gelatinous; being composed of 
about 70 to 90% Water. The nucleus pulpous has a high 
proteoglycan content and contains a signi?cant amount of 
Type II collagen and chondrocytes. Surrounding the nucleus 
is the annulus ?brosus, Which has a more rigid consistency 
and contains an organiZed ?brous netWork of approximately 
40% Type I collagen, 60% Type II collagen, and ?broblasts. 
The annular portion serves to provide peripheral mechanical 
support to the disc, afford torsional resistance, and contain the 
softer nucleus While resisting its hydrostatic pressure. 
[0004] Intervertebral discs, hoWever, are susceptible to a 
number of injuries. Disc herniation occurs When the nucleus 
begins to extrude through an opening in the annulus, often to 
the extent that the herniated material impinges on nerve roots 
in the spine or spinal cord. The posterior and posterio-lateral 
portions of the annulus are most susceptible to attenuation or 
herniation, and therefore, are more vulnerable to hydrostatic 
pressures exerted by vertical compressive forces on the inter 
vertebral disc. Various injuries and deterioration of the inter 
vertebral disc and annulus ?brosus are discussed by Osti et 
al., Annular Tears and Disc Degeneration in the Lumbar 
Spine, J. Bone and Joint Surgery, 74-B(5), (1982) pp. 678 
682; Osti et al., Annulus Tears and Intervertebral Disc Degen 
eration, Spine, 15(8) (1990) pp. 762-767; Kamblin et al., 
Development of Degenerative Spondylosis of the Lumbar 
Spine after Partial Discectomy, Spine, 20(5) (1995) pp. 599 
607. 
[0005] Many treatments for intervertebral disc injury have 
involved the use of nuclear prostheses or disc spacers. A 
variety of prosthetic nuclear implants are knoWn in the art. 
For example, US. Pat. No. 5,047,055 (Bao et al.) teaches a 
sWellable hydrogel prosthetic nucleus. Other devices knoWn 
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in the art, such as intervertebral spacers, use Wedges betWeen 
vertebrae to reduce the pressure exerted on the disc by the 
spine. Intervertebral disc implants for spinal fusion are 
knoWn in the art as Well, such as disclosed in US. Pat. Nos. 
5,425,772 (Brantigan) and 4,834,757 (Brantigan). 
[0006] Further approaches are directed toWard fusion of the 
adjacent vertebrate, e. g., using a cage in the manner provided 
by SulZer. SulZer’s BAK® Interbody Fusion System involves 
the use of holloW, threaded cylinders that are implanted 
betWeen tWo or more vertebrae. The implants are packed With 
bone graft to facilitate the groWth of vertebral bone. Fusion is 
achieved When adjoining vertebrae groW together through 
and around the implants, resulting in stabiliZation. 
[0007] Apparatuses and/ or methods intended for use in disc 
repair have also been described but none appear to have been 
further developed, and certainly not to the point of commer 
cialiZation. See, for instance, French Patent Appl. No. FR 2 
639 823 (Garcia) and US. Pat. No. 6,187,048 (Milner et al.). 
Both references differ in several signi?cant respects from 
each other and from the apparatus and method described 
beloW. For instance, neither reference teaches sWitching the 
How of biomaterial betWeen discrete operating parameters or 
methods of detecting ruptures in the mold. Further, neither 
reference teaches shunting an initial portion of a curing bio 
material in the course of delivering the biomaterial to the disc 
space. 
[0008] Prosthetic implants formed of biomaterials that can 
be delivered and cured in situ, using minimally invasive tech 
niques to form a prosthetic nucleus Within an intervertebral 
disc have been described in US. Pat. Nos. 5,556,429 (Felt) 
and 5,888,220 (Felt et al.), and US. Patent Publication No. 
US 2003/0195628 (Felt et al.), the disclosures of Which are 
incorporated herein by reference. The disclosed method 
includes, for instance, the steps of inserting a collapsed mold 
apparatus (Which in a preferred embodiment is described as a 
“mold”) through an opening Within the annulus, and ?lling 
the mold to the point that the mold material expands With a 
?oWable biomaterial that is adapted to cure in situ and provide 
a permanent disc replacement. Related methods are disclosed 
in US. Pat. No. 6,224,630 (Bao et al.), entitled “Implantable 
Tissue Repair Device” and US. Pat. No. 6,079,868 (Rydell), 
entitled “Static Mixer”. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention relates to a method and appa 
ratus for stabiliZing adjacent vertebrae With an in situ curable 
biomaterial. The biomaterial injection system can be used, for 
example, to implant a prosthetic total disc, or a prosthetic disc 
nucleus, in a manner that leaves the surrounding disc tissue 
substantially intact. The phrase intervertebral disc prosthesis 
is used generically to refer to both of these variations. Option 
ally, the device and system of the invention are adapted for 
minimally invasive use. Various implant procedures, implant 
molds, and biomaterials related to intervertebral disc replace 
ment suitable for use With the present invention are disclosed 

in US. Pat. Nos. 5,556,429 (Felt); 6,306,177 (Felt, et al.); 
6,248,131 (Felt, et al.); 5,795,353 (Felt); 6,079,868 (Rydell); 
6,443,988 (Felt, et al.); 6,140,452 (Felt, et al.); 5,888,220 
(Felt, et al.); 6,224,630 (Bao, et al.), and US. patent applica 
tion Ser. Nos. 10/365,868 and 10/365,842, all of Which are 
hereby incorporated by reference. 
[0010] In one embodiment the method of stabiliZing adja 
cent vertebrae includes the steps of forming at least one 
annulotomy in an annulus. At least a portion of the nucleus 
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material is removed through the annulotomy to form a nuclear 
cavity in an intervertebral disc space betWeen the adjacent 
vertebrae. A reservoir containing a ?oWable biomaterial is 
?uidly coupled to the intervertebral disc space. A ?oWable 
biomaterial is delivered to the nuclear cavity. The delivery of 
the ?oWable biomaterial into the intervertebral disc space is 
controlled in accordance With at least a ?rst operating param 
eter. The biomaterial is at least partially cured to stabilize the 
adjacent vertebrae. 
[0011] In one embodiment, the biomaterial is adhered to at 
least a portion of an inner surface of the cavity to stabiliZe the 
adjacent vertebrae. In another embodiment, the inner surface 
of the nuclear cavity is coated With a reinforcing material 
before delivery the ?oWable biomaterial to the nuclear cavity. 
[0012] In another embodiment, the ?oWable biomaterial is 
delivered to a mold located in the intervertebral disc space. An 
outer surface of the mold preferably bonds to at least a portion 
of the inner surface of the nuclear cavity. In one embodiment, 
the annulus is substantially removed before delivering the 
?oWable biomaterial. Natural tissues is optionally relied on 
for at least a portion of the mold. 
[0013] The biomaterial optionally facilitates groWth of ver 
tebral bone or fusion of the adjacent vertebrae. The biomate 
rial is preferably con?gured to stabiliZe the adjacent verte 
brae. 
[0014] The present method of stabiliZing adjacent verte 
brae includes the step of ?uidly coupling a reservoir contain 
ing the ?oWable biomaterial to the intervertebral disc space. 
The delivery of the ?oWable biomaterial into the interverte 
bral disc space is controlled in accordance With a ?rst oper 
ating parameter. At least one injection condition is monitored. 
The delivery of the ?oWable biomaterial is controlled in 
accordance to a second operating parameter in response to 
one or more of the injection conditions reaching a threshold 
level. The second operating parameter is maintained during at 
least a portion of the curing of the ?oWable biomaterial. 
[0015] In one embodiment, the method includes ?uidly 
coupling the reservoir containing the ?oWable biomaterial to 
a mold located in the intervertebral disc space. The delivery of 
the ?oWable biomaterial is controlled in accordance to a ?rst 
operating parameter so that the mold substantially ?lls the 
intervertebral disc space. 
[0016] In another embodiment, a predetermined period of 
time is permitted to lapse after the at least one injection 
condition reaches the threshold level before initiating the 
second operating parameter. This dWell time comprises a 
third operating parameter. The length of this dWell time can be 
?xed or can vary from patient-to-patient. 

[0017] The ?rst operating parameter preferably applies suf 
?cient pressure to rapidly ?ll the mold and to expand the mold 
to ?ll the disc space. A ?rst injection condition triggers a 
second operating parameter, Which maintains adequate pres 
sure for a certain dWell time to completely ?ll the disc space 
and to distract the intervertebral disc space. Following the 
dWell time, a third operating parameter optionally permits a 
portion of the ?oWable biomaterial to be expelled from the 
intervertebral disc space, folloWed by a second dWell time 
that continues until the biomaterial adequately cures. 
[0018] The present method optionally includes pretreating 
the ?oWable biomaterial. The biomaterial can also be exposed 
to ultraviolet light, heating and/ or mixed prior to delivery to 
the intervertebral disc space. 
[0019] In one embodiment, the ?oW of biomaterial is 
directed aWay from the intervertebral disc space until a pre 
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determined quantity of biomaterial is delivered to a chamber 
in a purge device. In one embodiment, the ?rst operating 
parameter includes the step of applying a ?rst operating pres 
sure to the ?oWable biomaterial in the reservoir and applying 
a second operating pres sure, loWer than the ?rst operating 
pressure, to the ?oWable biomaterial in the reservoir. In 
another embodiment the intervertebral disc space exerts a 
pressure on the ?oWable biomaterial in the intervertebral disc 
space greater than the second operating pressure. 
[0020] The step of monitoring at least one injection condi 
tion typically includes monitoring the pressure of the ?oW 
able biomaterial betWeen the reservoir and the intervertebral 
disc space and/ or the pressure of the ?oWable biomaterial in 
the intervertebral disc space. The step of monitoring at least 
one injection condition can be monitoring at least one of the 
pressure, the ?oW rate, elapsed time, or the total volume of the 
?oWable biomaterial ?oWing betWeen the reservoir and the 
intervertebral disc space. 
[0021] The present method also includes the step of record 
ing data corresponding to at least one of the injection condi 
tions during the ?oW of ?oWable biomaterial. The injection 
condition data is optionally uploaded to a computer. The 
present method also includes determining Whether any of the 
injection conditions is in an out of speci?cation condition and 
indicating an out of speci?cation condition. Alternatively, the 
?oW of biomaterial is altered and/ or the biomaterial is With 
draWn from the intervertebral disc space in response to an out 
of speci?cation condition. 
[0022] The ?oW of ?oWable biomaterial can be manually 
sWitched to the second operating parameter in response to one 
or more of the injection conditions reaching a threshold level 
or automatically sWitched by a controller. The present method 
optionally includes adjusting the threshold level as a function 
of patient parameters. The ?rst and second operating param 
eter typically comprises a plurality of variables, such as for 
example, injection pres sure, biomaterial temperature, and the 
like. 

[0023] The present method also includes positioning an 
evaluation mold in the intervertebral disc space prior to the 
delivery of the biomaterial. A liquid is delivered to the evalu 
ation mold so that the mold substantially ?lls the interverte 
bral disc space and measurements, such as for example disc 
height, pressure, and the like, are taken. The liquid is removed 
from the evaluation mold and the volume of liquid injected 
and/or removed is measured. The evaluation mold is then 
removed from the intervertebral disc space. The liquid is 
preferably delivered under pressure su?icient to distract the 
intervertebral disc space. The liquid and/or the evaluation 
mold optionally have radiopaque properties. The present 
invention also includes use of the present biomaterial injec 
tion system to control delivery and/ or removal of the liquid to 
the evaluation mold. 

[0024] In the preferred embodiment, imaging can be used 
to measure the distraction of the intervertebral disc space, to 
evaluate Whether the mold substantially ?lls the intervertebral 
disc space, to evaluate the geometry of the intervertebral disc 
space, and/or to supply information to the surgeon regarding 
adequacy of the nucleus removal. The evaluation mold can 
either be positioned in the implant mold, directly in the annu 
lus, or Within the disc space in the case of complete disc 
removal. In another embodiment, the intervertebral disc 
space containing the evaluation mold and the liquid is imaged 
and at least one of the ?rst operating parameter and/or the 
second operating parameter are established based on the 
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imaging of the intervertebral disc space. In one embodiment, 
the intervertebral disc space is imaged to estimate the volume 
of biomaterial required. That estimate can then be compared 
to the amount of liquid removed from the evaluation mold. 
[0025] In another embodiment, a liquid is delivered under 
pressure to the evaluation mold su?icient to distract the inter 
vertebral disc space. The volume of liquid in the evaluation 
mold may be held constant for a period of time. Additional 
liquid is added to the evaluation mold When the pressure in the 
mold drops to a predetermined level. The steps of delivering, 
holding and adding additional liquid is preferably repeated a 
plurality of cycles. 
[0026] In another embodiment, a liquid is continuously 
delivered to the evaluation mold at a constant pressure. The 
rate at Which the liquid is delivered to the evaluation mold is 
measured. The compliance of the intervertebral disc space is 
measured as a function of the rate of change of the delivery of 
liquid. 
[0027] The present method also includes positioning a 
guide Wire in the mold and imaging the intervertebral disc 
space containing the guide Wire. The guide Wire optionally 
includes an imaging target. 
[0028] The present method also includes positioning a 
radiopaque sheath over the mold before the delivery of the 
biomaterial. The intervertebral disc space containing the 
radiopaque sheath is imaged and the radiopaque sheath is 
removed before delivering the biomaterial. 
[0029] The present invention is also directed to an appara 
tus adapted to deliver a ?oWable biomaterial to an interverte 
bral disc space. The apparatus includes a reservoir containing 
the ?oWable biomaterial ?uidly coupled to the intervertebral 
disc space, at least one sensor adapted to monitor at least one 
injection condition of the ?oWable biomaterial, and a control 
ler. The controller is programmed to monitor the at least one 
sensor and to control the How of the ?oWable biomaterial into 
the mold in accordance With a ?rst operating parameter. In 
response to one or more of the injection conditions reaching 
a threshold level, the controller controls the How of the How 
able biomaterial in accordance With a second operating 
parameter and maintains the second operating parameter dur 
ing a certain time period or dWell time before sWitching to the 
third operating parameter and maintaining the third operating 
parameter during at least a portion of the curing of the How 
able biomaterial. 
[0030] In one embodiment, the apparatus includes a mold 
located in the intervertebral disc space ?uidly coupled to the 
reservoir containing the ?oWable biomaterial. The controller 
is programmed so that the ?rst operating parameter delivers 
the ?oWable biomaterial to the mold so that the mold substan 
tially ?lls the intervertebral disc space. 
[0031] In one embodiment, the controller is programmed to 
initiate a second operating parameter during Which the sys 
tem Waits a predetermined period of time after the ?rst oper 
ating parameter (i.e., the at least one injection condition 
reaches the threshold level at a second operating parameter) 
before initiating the third operating parameter. In another 
embodiment, the controller is programmed to deliver the 
?oWable biomaterial in accordance With a third operating 
parameter that maintains the ?oWable biomaterial at a prede 
termined pressure in the intervertebral disc space for a pre 
determined period of time after the at least one injection 
condition reaches the threshold level and before the second 
operating parameter. Operating parameters can be linear, 
non-linear, continuous, discontinuous, or any other con?gu 
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ration necessary to achieve the desired injection pro?le. The 
operating parameter can also be modi?ed real-time based on 
feedback from the sensors monitoring the injection condi 
tions. 

[0032] The controller is preferably programmed so that the 
?rst operating parameter comprises a pressure su?icient to 
distract the intervertebral disc space. In another embodiment, 
the controller is programmed so that the second operating 
parameter permits a portion of the ?oWable biomaterial to be 
expelled from the intervertebral disc space. The controller is 
also optionally programmed to control pretreatment of the 
?oWable biomaterial. 

[0033] The apparatus optionally includes a source of ultra 
violet light and/ or heating directed at the ?oWable biomaterial 
prior to delivery to the intervertebral disc space. The present 
apparatus also optionally includes a mixing device located 
betWeen the reservoir of ?oWable biomaterial and the inter 
vertebral disc space. The present apparatus also optionally 
includes a purging device adapted to direct a predetermined 
quantity of the How of biomaterial aWay from the interverte 
bral disc space. 

[0034] In one embodiment, the controller is programmed 
so that the second operating parameter applies a second oper 
ating pressure to the biomaterial in the reservoir that is loWer 
than the ?rst operating pressure applied under the ?rst oper 
ating parameter. The controller can monitor the pressure of 
the ?oWable biomaterial betWeen the reservoir and the inter 
vertebral disc space and or in the intervertebral disc space. 
The controller is preferably programmed to monitor at least 
one injection condition comprises monitoring at least one of 
the pressure, the How rate, elapsed time, or the total volume of 
the ?oWable biomaterial ?oWing betWeen the reservoir and 
the intervertebral disc space. 

[0035] The controller is preferably programmed to record 
data corresponding to at least one of the injection conditions 
during the How of ?oWable biomaterial. In one embodiment, 
the controller is programmed to upload to a computer data 
corresponding to at least one of the injection conditions 
recorded during the How of ?oWable biomaterial. 

[0036] The controller may also be programmed to deter 
mine Whether the at least one injection condition comprises 
an out of speci?cation condition and to indicate an out of 
speci?cation condition. Alternatively, the controller is pro 
grammed to alter the How of ?oWable biomaterial or to With 
draW at least a portion of the biomaterial from the interverte 
bral disc space in response to an out of speci?cation 
condition. 

[0037] The controller preferably adjusts the threshold level 
as a function of patient parameters. The ?rst, second and third 
operating parameters typically comprises a plurality of vari 
able. 

[0038] The present invention may also include an evalua 
tion mold adapted to be positioned in the intervertebral disc 
space prior to the delivery of the biomaterial and a liquid 
adapted to be delivered to the evaluation mold so that the mold 
substantially ?lls the intervertebral disc space. The controller 
is preferably programmed to remove the liquid from the 
evaluation mold and to measure the amount of liquid removed 
from the evaluation mold. The liquid and/or the evaluation 
mold optionally have radiopaque properties. 
[0039] In one embodiment, the controller is programmed to 
estimate the volume of biomaterial required to ?ll the inter 
vertebral disc space and to compare the amount of liquid 
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removed from the evaluation mold With an estimated volume 
of the intervertebral disc space measured using imaging tech 
niques. 
[0040] In another embodiment, the controller is pro 
grammed to deliver a liquid under pressure to the evaluation 
mold su?icient to distract the intervertebral disc space, to 
hold the volume of liquid in the evaluation mold constant for 
a period of time, and to add additional liquid to the evaluation 
mold When the pressure in the mold drops to a predetermined 
level. The controller is preferably programmed to repeat the 
steps a plurality of cycles and estimate the compliance of the 
intervertebral disc space or spinal unit. In one embodiment, 
the operating parameters are modi?ed in response to the 
estimate of compliance. 
[0041] In another embodiment, the controller is pro 
grammed to continuously deliver a liquid to the evaluation 
mold at a constant pressure, to measure the rate at Which the 
liquid is delivered to the evaluation mold, and to estimate the 
compliance of the intervertebral disc space as a function of 
the changing rate at Which the liquid is delivered. 
[0042] In one embodiment, the present invention includes a 
guide Wire positioned in the mold. In another embodiment, a 
radiopaque sheath is positioned over the mold. 
[0043] The present invention is also directed to a controller 
programmed to determine Whether at least one injection con 
dition comprises an out of speci?cation condition and to 
generate a signal of the out of speci?cation condition. 
[0044] The present invention is also directed to an appara 
tus adapted to deliver a ?oWable biomaterial to a mold located 
in an intervertebral disc space. The apparatus includes a res 
ervoir containing the ?oWable biomaterial ?uidly coupled to 
the mold, an actuator providing a How of the ?oWable bioma 
terial into the mold in accordance With a ?rst operating 
parameter and at least one sensor monitoring at least one 
operating parameter of the ?oWable biomaterial. The appara 
tus also includes a display adapted to indicate that the at least 
one injection condition has reached a threshold level and a 
sWitch that controls the How the ?oWable biomaterial in 
accordance With a second operating parameter. 
[0045] As used herein the folloWing Words and terms shall 
have the meanings ascribed beloW: 
[0046] “biomaterial” Will generally refer to a material that 
is capable of being introduced to the site of a joint and cured 
to provide desired physical-chemical properties in vivo. In 
one embodiment the term Will refer to a material that is 
capable of being introduced to a site Within the body using 
minimally invasive mechanism, and cured or otherWise modi 
?ed in order to cause it to be retained in a desired position and 
con?guration. Generally such biomaterials are ?oWable in 
their uncured form, meaning they are of su?icient viscosity to 
alloW their delivery through a delivery tube of on the order of 
about 1 mm to about 6 mm inner diameter, and preferably of 
about 2 mm to about 3 mm inner diameter. Such biomaterials 
are also curable, meaning that they can be cured or otherWise 
modi?ed, in situ, at the tissue site, in order to undergo a phase 
or chemical change suf?cient to retain a desired position and 
con?guration; 
[0047] “cure” and in?ections thereof, Will generally refer to 
any chemical transformation (e. g., reacting or cross-linking), 
physical transformation (e.g., hardening or setting), and/or 
mechanical transformation (e.g., drying or evaporating) that 
alloWs the biomaterial to change or progress from a ?rst 
physical state or form (generally liquid or ?oWable) that 
alloWs it to be delivered to the site, into a more permanent 
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second physical state or form (generally solid) for ?nal use in 
vivo. When used With regard to the method of the invention, 
for instance, “curable” can refer to uncured biomaterial, hav 
ing the potential to be cured in vivo (as by catalysis or the 
application of a suitable energy source), as Well as to the 
biomaterial in the process of curing. As further described 
herein, in selected embodiments the cure of a biomaterial can 
generally be considered to include three stages, including (a) 
the onset of gelation, (b) a period in Which gelation occurs and 
the biomaterial becomes suf?ciently tack-free to permit shap 
ing, and (c) complete cure to the point Where the biomaterial 
has been ?nally shaped for its intended use. 
[0048] “minimally invasive mechanism” refers to a surgical 
mechanism, such as microsurgical, percutaneous, or endo 
scopic or arthroscopic surgical mechanism, that can be 
accomplished With minimal disruption of the pertinent mus 
culature, for instance, Without the need for open access to the 
tissue injury site or through minimal incisions (e. g., incisions 
of less than about 4 cm and preferably less than about 2 cm). 
Such surgical mechanism are typically accomplished by the 
use of visualiZation such as ?beroptic or microscopic visual 
iZation, and provide a post-operative recovery time that is 
substantially less than the recovery time that accompanies the 
corresponding open surgical approach; 
[0049] “mold” Will generally refer to the portion or portions 
of an apparatus of the invention used to receive, constrain, 
shape and/or retain a ?oWable biomaterial in the course of 
delivering and curing the biomaterial in situ. A mold may 
include or rely upon natural tissues (such as the annular shell 
of an intervertebral disc) for at least a portion of its structure, 
conformation or function. The mold, in turn, is responsible, at 
least in part, for determining the position and ?nal dimensions 
of the cured prosthetic implant. As such, its dimensions and 
other physical characteristics can be predetermined to pro 
vide an optimal combination of such properties as the ability 
to be delivered to a site using minimally invasive mechanism, 
?lled With biomaterial, prevent moisture contact, and option 
ally, then remain in place as or at the interface betWeen cured 
biomaterial and natural tissue. In one embodiment the mold 
material can itself become integral to the body of the cured 
biomaterial. The mold can be elastic or inelastic, permanent 
or bio-reabsorbable. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0050] FIG. 1 is a schematic illustration of the method and 
apparatus of the present invention. 
[0051] FIG. 2 is an exemplary delivery tube and mold in 
accordance With the present invention. 
[0052] FIG. 3 is a schematic illustration of one embodiment 
of a biomaterial reservoir in accordance With the present 
invention. 
[0053] FIG. 4 is a schematic illustration of a purge device in 
accordance With the present invention. 
[0054] FIG. 5 illustrates the purge device of FIG. 4 in an 
open con?guration. 
[0055] FIG. 6A is a schematic illustration of an alternate 
method and apparatus of the present invention. 
[0056] FIG. 6B is schematic illustration of a delivery tube 
that seals against the annulus in accordance With the present 
invention. 
[0057] FIG. 6C is schematic illustration of the delivery tube 
of FIG. 6B sealed against the annulus. 
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[0058] FIG. 7 is a schematic illustration of a communica 
tion system between a central computer and a plurality of 
controllers in accordance With the present invention. 
[0059] FIGS. 8A-8C illustrate an imaging and mold posi 
tioning technique in accordance With the present invention. 
[0060] FIG. 9 illustrates an alternate imaging technique in 
accordance With the present invention. 
[0061] FIG. 10A-10B illustrate an alternate imaging tech 
nique using a radiopaque sheath in accordance With the 
present invention. 
[0062] FIG. 11 is an exemplary injection pro?le in accor 
dance With the present invention. 
[0063] FIGS. 12-14 are schematic illustrations of one 
method in accordance With the present invention. 
[0064] FIG. 15 illustrates an alternate embodiment of the 
present method and apparatus. 
[0065] FIGS. 16A-16B illustrate an alternate delivery tube 
for posterior access into the annulus in accordance With the 
present invention. 
[0066] FIGS. 17A-17B illustrate an alternate delivery tube 
for lateral access into the annulus in accordance With the 
present invention. 
[0067] FIG. 18 illustrates an alternate delivery tube in 
accordance With the present invention. 
[0068] FIG. 19 illustrates another alternate delivery tube in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0069] FIG. 1 illustrates one embodiment of a biomaterial 
injection system 1 in accordance With the present invention. 
The biomaterial injection system 1 includes a reservoir 3 
containing the biomaterial 23 ?uidly coupled to an implant 
mold 13 by a delivery tube 11. The de?ated implant mold 13 
is dimensioned to be positioned Within the intervertebral disc 
space 19. The mold is ?lled With uncured biomaterial 23 in 
order to provide a replacement disc. As the biomaterial 23 is 
delivered to the implant mold 13, the mold 13 expands to 
substantially ?ll the intervertebral disc space 19, and in par 
ticular, ?ll the cavity 24 formed in the annulus 25 as a result 
of removal of some or all of the nucleus. 

[0070] Intervertebral disc space refers generally to the 
space betWeen adjacent vertebrae. The embodiments illus 
trated herein are equally applicable to both a complete disc 
replacement and to a full or partial nucleus replacement. A 
replacement disc refers to both a complete disc replacement 
and to a full or partial nucleus replacement. 
[0071] The reservoir 3 is adapted to hold the biomaterial 23, 
and in some embodiments, the reservoir 3 heats and/ or mixes 
the biomaterial 23. In some embodiments, the biomaterial 23 
is pretreated before use. The biomaterial 23 can either be 
pretreated before being placed in the reservoir 3 or the pre 
treatment can be performed in the reservoir 3. For example, 
the biomaterial 23 can be heated, mechanically agitated, or 
both, such as heating in a rotating oven before being placed in 
the reservoir 3. For some polyurethane biomaterials, for 
example, sealed packages of biomaterial 23 are heated While 
rotating in an oven at about 75° C. for about 3 hours, main 
tained at 75° C. degrees C. Without rotating for an additional 
3 hours, and then kept in the oven at about 37° C. until surgical 
implantation. During the second 3 hourperiod, the package of 
biomaterial 23 is preferably retained in the oven Without 
rotating and in an upright position during heating so that 
bubbles rise to the top. The ?oWable biomaterial 23 contain 
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ing the bubbles is preferably purged before it reaches the 
mold, as Will be discussed beloW. 
[0072] A chamber 5 is optionally located in-line betWeen 
the reservoir 3 and the mold 13. The chamber 5 can be used to 
heat, mix and/or stage the biomaterial 23. In some embodi 
ments, the chamber 5 can be used to initiate curing of the 
biomaterial 23, such as for example by exposing the bioma 
terial 23 to an ultraviolet light source or a heat source 5b. 

[0073] An actuator 21 is mechanically coupled to the res 
ervoir to expel the biomaterial 23 from the reservoir3 and into 
the delivery tube 11. The actuator 21 can be a pneumatic or 
hydraulic cylinder, a mechanical drive such as an electric 
motor With a ball screW, a drive screW or belt, or a variety of 
other mechanisms Well knoW to those of skill in the art. 
Control of the actuator 21 is typically the primary operating 
parameter used to create the desired injection pro?le. Other 
possible operating parameters that can be controlled by the 
controller 15 include releasing biomaterial 23 through one or 
more of the purge devices 7a, 7b, biomaterial temperature, 
biomaterial viscosity, and the like. 
[0074] As used herein, “operating parameter” refers to one 
or more independent variables that can be controlled during 
the injection of biomaterial. The operating parameters can be 
linear, non-linear, continuous, discontinuous, or any other 
con?guration necessary to achieve the desired injection pro 
?le. The operating parameter can also be modi?ed real-time 
based on feedback from the sensors monitoring the injection 
conditions. For example, a control algorithm, such as Propor 
tional Integral Derivative (PID) control, can be used to evalu 
ate the injection condition data in light of the desired injection 
pro?le. 
[0075] For embodiments Where the actuator 21 is a pneu 
matic cylinder, it should be noted that many hospitals and 
clinics do not have sources of compressed air greater than 50 
pounds per square inch (hereinafter “psi”). Thus, in some 
embodiments the pneumatic cylinder needs to magnify the 
available compressed air source by a factor of about 3. Thus, 
an initial pressure of about 50 psi becomes about 150 psi in 
the reservoir 3. 
[0076] The delivery tube 11 preferably includes at least one 
purge device 7a. In the illustrated embodiment, the purge 
device 711 is located doWnstream of the chamber 5. In another 
embodiment, a secondary purge device 7b is located closer to 
the mold 13. The purge devices 711 and 7b are referred to 
collectively as “7”. Suitable purge devices can include but are 
not limited to, reservoirs, three-Way valve systems, and the 
like. The purge devices 7 can divert or redirect the How of 
biomaterial 23 aside in order to purge a portion, Which can 
include an initial portion that may be inadequately mixed or 
contain bubbles. The purge devices 7 can also be employed if 
there is a system failure, such as rupture of a mold 13, to 
quickly divert biomaterial from the intervertebral disc space. 
[0077] The purge devices 7a, 7b can be operated manually 
or automatically. In the preferred embodiment one or both are 
operated by controller 15 and/or using the mechanism in 
FIGS. 4 and 5. In one embodiment, the purge device 711 is 
operated manually by the surgical staff and the purge device 
7b is operated by the controller 15. 
[0078] In the illustrated embodiment, the biomaterial inj ec 
tion system 1 preferably includes one or more sensors 9a, 9b, 
9c, 9d, 9e, 9], 9g and 9h (referred to collectively as “9”) 
located at strategic locations in the present biomaterial inj ec 
tion system 1. In the illustrated embodiment, sensor 911 is 
located betWeen the reservoir 3 and the chamber 5. Sensor 9b 



US 2009/0076518 A1 

is located between the chamber 5 and the purge device 7a. 
Another sensor 90 is located downstream of the purge device 
7a. Sensor 9d is located close to the mold 13. In the preferred 
embodiment, the sensor 9d is located as close to the mold 13 
as possible. The pressure sensor 9g is located substantially in 
the mold 13. The sensor 9h is optionally located in the inter 
vertebral disc space 19, but outside the mold 13. The sensor 9e 
is located in the reservoir 3 and the sensor 9f is located in the 
actuator 21. 

[0079] Each of the individual sensors 9 can measure any 
one of a plurality of inj ection conditions, such as for example 
biomaterial color, biomaterial viscosity, pressure, quantity 
and/or siZe of air bubbles in the biomaterial, ?oW rate, tem 
perature, total volume, duration of the ?oW of the biomaterial 
23, or any other injection condition that characterizes a proper 
injection pro?le. As used herein, “injection condition” refers 
to one or more dependent variables that are effected by one or 

more operating parameters. An “injection pro?le” refers to 
values of one or more injection conditions evaluated over 
time. An exemplary injection pro?le is illustrated in FIG. 11. 
[0080] Output from the sensors 9 is preferably delivered to 
controller 15. The controller 15 preferably attaches a time/ 
date stamp to all injection condition data. Not all of the 
sensors 9 necessarily perform the same function. For 
example, the sensors 911 and 9d may monitor pressure, While 
the sensor 9b monitors temperature and the sensor 90 moni 
tors ?oW. 

[0081] The sensors 9 can be in-line With the delivery tube 
11, ?uidly coupled to the delivery tube 11, coupled to the 
delivery tube 1 1 by a diaphragm, or engaged With the delivery 
tube using a variety of other techniques. The sensors 9 may be 
disposable or reusable. A suitable pressure sensor 9 can 
include any device or system adapted to measure or indicate 
?uid pressure Within a surgical ?uid system and adapted for 
attachment to a delivery mechanism 11. Examples of suitable 
pressure sensors include, but are not limited to, those involv 
ing a suitable combination of pressure gauge, electronic pres 
sure transducer and/ or force transducer components. Such 
components that can be adapted to permit the accurate and 
substantially real time measurement of pressure in a remote 
?uid, by shunting a sample of such ?uid, can also be used 
particularly Where the ?uid is itself undergoing a change in 
properties in the course of its ongoing cure. 
[0082] The various components of the biomaterial injection 
system 1 are preferably fabricated from polymeric or other 
materials that provide an optimal combination of properties 
such as compatibility With the biomaterial 23 and the ability 
to be steriliZed and/or to be disposable. 
[0083] Operation of the actuator 21 is preferably monitored 
and/ or directed by the controller 15. Output from the sensors 
9 is preferably delivered to the controller 15 to create a closed 
loop feed back system. The controller 15 preferably includes 
a processor and a memory device. The controller 15 can be a 
special purpose computer, a general purpose computer such 
as a personal computer, independent signal conditioning cir 
cuits, threshold comparator circuits and sWitch circuits. In 
some embodiments, the controller 15 is a user interface to 
effect manual control of the system 1. 
[0084] The controller 15 preferably includes one or more 
displays 16 that communicate injection conditions to the sur 
gical staff. The controller 15 can also provide audio indica 
tions of the injection condition data shoWn on the displays 16. 
In another embodiment, the surgical staff manually overrides 
the operation of the controller 15 so as to permit one or more 
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operating parameters to be controlled manually based on data 
obtained from the displays 16. 

[0085] As illustrated in FIG. 2, the biomaterial injection 
system 1 also preferably includes a secondary tube 11' that 
evacuates air from the mold 13 before the biomaterial is 
delivered. The secondary tube 11' can either be inside or 
outside the delivery tube 11. Removal of air from the mold 13 
through the secondary tube 11' is preferably controlled by the 
controller 15. Connection to the sensor 9g in the mold 13 can 
optionally be connected through the secondary tube 11'. 
[0086] FIG. 3 illustrates an embodiment Where the reser 
voir 3 includes tWo or more discrete compartments 37a and 
37b. Each compartment 37a, 37b is engaged With a piston 
35a, 35b coupled to an actuator 21. As the actuator 21 
advances the pistons 35a, 35b into the compartments 37a, 
37b, respectively, components 23a, 23b of the biomaterial 23 
?oW into the chamber 5 Where they are mixed. 

[0087] The mixing of the tWo or more components 23a, 23b 
of the biomaterial 23 can initiate a chemical curing reaction. 
Although the reservoir of FIG. 3 is illustrated With tWo com 
partments 37a, 37b, three or more compartments can be used 
for applications Where the biomaterial has more than tWo 
components. 
[0088] Alternatively, the biomaterial may be a single com 
ponent system that can be located in one or more of the 
compartments 37a, 37b. Single component biomaterials can 
be cured using, for example, ultraviolet light, ultrasonic 
energy, or heat. In one embodiment, the chamber 5 can 
optionally include an ultraviolet light source, a heater, or any 
other device or source of energy that initiates the curing 
process of the biomaterial 23. 

[0089] FIG. 4 is a schematic illustration of an exemplary 
automatic purge device 70 in accordance With the present 
invention. The purge device 70 can optionally be substituted 
for the purge device 7a. Delivery tube 11 is ?uidly coupled to 
inlet 72 using connecting structure 74. In the illustrated 
embodiment, connecting structure 74 is a plurality of threads. 
In an alternate embodiment, the connecting structure 74 can 
be a quick-connect device, or variety of other structures. The 
inlet 72 on the purge device 70 is ?uidly coupled to chamber 
76 by passageWay 78. Piston 80 is located in the chamber 76. 
The purge device 70 is in a closed con?guration With valve 82 
obstructing the ?oW of biomaterial 23 to outlet 84. Outlet 84 
also includes a connecting structure 86, such as threads. 

[0090] As biomaterial is delivered to the inlet 72 under 
pressure, it is advanced through the passageWay 78 into the 
chamber 76. The volume of the chamber 76 is designed to 
accommodate the optimum amount of biomaterial 23 that is 
typically purged prior to delivery to the mold 13. Once the 
chamber 76 is ?lled Withbiomaterial 23, force 88 is applied to 
the piston 80. As the piston 80 is driven toWard surface 90 on 
housing 92 by the pressure of the biomaterial 23, connecting 
member 94 displaces the valve 82 along With the piston 80. 
Vent hole 81 alloWs air to escape from behind the piston 80 as 
it advances in the housing 92. 
[0091] FIG. 5 illustrates the purge device 70 of FIG. 4 in an 
open con?guration. The piston 80 has been advanced all the 
Way to the surface 90, causing the valve 82 to create an 
opening 96 through Which the biomaterial 23 can be advanced 
to the outlet 84. Pressure transducer 98 is optionally located 
on the inlet side 72 of the valve 82 to measure the pressure of 
the bio-material 23 both before, during and after the valve 82 
is opened. 
















