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SPINAL FLUID INTRODUCTION 

RELATED APPLICATIONS 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 10/782,900, filed Feb. 23, 2004, which claims 
priority under 35 U.S.C. S 119 to U.S. provisional application 
no. 60/448,529, filed Feb. 21, 2003. Each related application 
is incorporated by reference herein in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a system and 
method for introducing fluid into a spine. 

BACKGROUND 

0003 Back pain is a common problem and is difficult to 
treat. Because of the complex anatomy and poor correlation 
of pathology and symptoms, diagnosis of the etiology of the 
pain may be difficult. Typical diagnostic procedures seek to 
determine whether a patient experiences back pain, leg pain, 
or a combination thereof. Back pain describes pain localized 
to the back, and often includes pain in the buttocks and upper 
thigh areas. This type of pain is understood to be caused by 
changes in one or more intervertebral discs and is termed 
discogenic back pain. The recognition that discs are potential 
pain sources has been a relatively recent discovery and is 
Supported by anatomical studies that demonstrate nerve fibers 
within the disc, often increased by degenerative processes, 
and by direct stimulation of discs during discectomy proce 
dures while the patient is under aware-state analgesia. Other 
causes of back pain have also been described including 
Zygopophyseal (facet) joints, and other unknown causes. 
0004. In contrast, leg pain is often due to impingement of 
nerve roots as they exit the spinal canal. This causes pain to 
radiate into the areas the nerves innervate and creates a der 
matomal pattern of pain related to the normal pattern of the 
nerve Supply. This radicular pain is often due to herniation of 
intervertebral discs such that they bulge into the foramenal 
space, entrapping and pressing on the nerve. It is also believed 
to result from nucleus pulposus material extruding from the 
disc, resulting in noxious stimuli from degradation products 
Such as phospholipase A2, and cytokines such as interleukins 
and TNFa. 
0005 Because the treatments for back pain and leg pain 
are often different, it is important to establish a proper diag 
nosis. Indeed, there is a strong correlation between patient 
selection and outcomes for spinal procedures, such that 
meticulous attention to diagnosis is essential. This is espe 
cially true as patients often exhibit a pattern of symptoms. 
Even Sophisticated imaging capabilities do not always pro 
vide a clear diagnostic picture. Other diagnostic tools, such as 
physical examination and determination of patient history, 
are important. 
0006. A staple of physical examination is palpation of the 
painful region, to pinpoint where the pain is emanating from. 
This is difficult in the case of the intervertebral disc as it is 
anatomically located deep within the body and surrounded by 
bony structures. A procedure known as discography, disco 
gram, disc stimulation, or more precisely as provocative dis 
cography, has been developed to overcome this limitation. 
Discography involves placing a needle into the intervertebral 
disc using fluoroscopic guidance and then injecting a fluid to 
create pressure to stimulate the disc, analogously to palpa 
tion. The injected fluid is typically a saline solution including 
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radiopaque dye to allow for assessment of the disc morphol 
ogy. A manually operated Syringe is generally used to inject 
the fluid. The patient is maintained in an aware state such that 
they can provide feedback as to the pain induced by the 
injection, i.e. pressurization of the disc. Injection is per 
formed one disc level at a time with the injectionist, e.g., a 
physician, Switching connections prior to the start of the test 
at a specific level. 
0007 Pressure manometry has been used to monitor the 
pressure applied to the disc. This provides a more objective 
means for the injectionist to control pressure as compared to 
determining the pressure based upon the feel of a manually 
operated Syringe. Studies have demonstrated a better diag 
nostic correlation when patients respond to low to moderate 
pressures (<50 psi) as compared to higher pressures (>50 psi). 
0008 Another aspect of performing a reliable discography 
diagnosis is how the injectionist interacts with the patient to 
obtain feedback on the pain stimulation. A patient's response 
to pain can include two components: the magnitude of pain 
and the quality of pain. The magnitude is often described as 
ranging from 0 to 10, where 0 is no pain, and 10 is the worst 
pain imaginable. The quality of pain is described as being 
concordant, meaning the back pain they are complaining of 
or not concordant, pain different from their complaint, such as 
a general feeling of pressure. The ability to distinguish 
between concordant and non-concordant pain improves the 
determination of whether the disc being stimulated is the root 
cause of a patient's back pain, or is evoking pain unrelated to 
their symptoms. A low pressure, concordant pain response at 
1 or 2 spine levels, e.g., spinal discs, accompanied by no pain 
at a level above or below (control level) the painful discs is 
generally understood to provide the most definitive diagnosis 
for discogenic pain. 
0009 Patient responses from a discography procedure are 
recorded by the injectionist or assistant using one or more 
forms. Other parameters, such as the volume of fluid injected 
are added to the patient responses. A separate chart can be 
used to determine the peak pressure in the disc as well as any 
leakage. 

SUMMARY 

0010. One aspect of the present invention relates to a fluid 
introduction system. In one embodiment, the fluid introduc 
tion system includes wan introducer configured to create a 
pressure of at least 10 psi (69 kPa) within a spine, and an 
operator configured to actuate the introducer to introduce 
fluid into the spine according to a predetermined fluid intro 
duction profile. 
0011 Embodiments of this aspect of the invention may 
include one or more of the following features: 
0012. The introducer can be configured to create a pres 
sure of at least 10 psi (69 kPa) in an intervertebral disc. 
0013 The predetermined fluid introduction profile can be 
the introduction of fluid at a constant rate. The introducer can 
be configured to introduce a repeatable amount of fluid into 
the spine. The introducer can be configured to introduce fluid 
into the spine at a repeatable rate. The introducer can be 
configured to introduce a non-pulsatile flow of fluid into the 
spine. The introducer can be configured to create a pressure of 
at least 20 psi (138 kPa) in an intervertebral disc. 
0014. According to another aspect of the invention, a fluid 
introduction system comprises an introducer configured to 
introduce fluid into a spine of a patient, an operator config 
ured to actuate the introducer to introduce fluid into the spine 
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of the patient, a computer readable medium having code for 
receiving fluid introduction data indicative of a fluid intro 
duction parameter, and for receiving response data indicative 
of a response of the patient at a time related to a time of the 
fluid introduction data. 

00.15 Embodiments of this aspect of the invention may 
include one or more of the following features: 
0016. The fluid introduction parameter can be a pressure 
within an intervertebral disc of the patient at the time of the 
fluid introduction data and/or a total amount of fluid intro 
duced into an intervertebral disc of the patient at the time of 
the fluid introduction data. 

0017. The fluid introduction parameter can be configured 
to obtain the response data from an observation of the patient 
and/or to obtain the response data upon a response by the 
patient. 
0018. The fluid introducer can be configured to create a 
pressure of at least 100 kPa within the spine. 
0019. According to another aspect of the invention, a fluid 
introduction system includes an introducer configured to 
introduce a non-pulsatile flow of fluid into a spine, and an 
operator configured to actuate the introducer. The introducer 
has a flow rate-dependent impedance opposing the introduc 
tion of the fluid. The operator includes code to control the 
actuation of the introducer based at least in part upon imped 
ance data indicative of the impedance. 
0020 Embodiments of this aspect of the invention may 
include one or more of the following features: 
0021. The introducer can include an identifier including 
the impedance data and the operator can be configured to 
receive the impedance data from the identifier of the intro 
ducer. The operator can include code to determine the imped 
ance databased upon an actuation of the introducer. 
0022. The fluid introduction system can include a pressure 
sensor configured to provide pressure data indicative of a 
pressure of fluid present in the introducer, a fluid introduction 
sensor configured to provide fluid introduction data indicative 
of at least one of (a) a rate of fluid introduction and (b) an 
amount of fluid dispensed from the introducer, and the opera 
tor can include code to determine the impedance databased 
upon the pressure data and the fluid introduction data. 
0023. According to another aspect of the invention, a fluid 
introduction system includes a first introducer configured to 
introduce fluid into a first portion of a spine, a second intro 
ducer configured to introduce fluid into a second, different 
portion of a spine, and an operator configurable to concur 
rently actuate the introduction of fluid into the first portion of 
the spine by the first introducer and the introduction of fluid 
into the second portion of the spine by the second introducer. 
0024. Embodiments of this aspect of the invention may 
include one or more of the following features: 
0025. The first and second introducers can be respectively 
configured to introduce fluid into first and second different 
intervertebral discs, such as to provide a simultaneous pres 
sure of at least 10 psi (69 kPa) in each of the first and second 
intervertebral discs. The first and second introducers can be 
actuable independently of one another. 
0026. According to another aspect of the invention, a fluid 
introduction system includes an introducer configured to 
introduce a fluid having a dynamic viscosity of at least 750 Pa 
into a spine and an operator configured to actuate the intro 
ducer according to a predetermined introduction profile. 
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0027 Embodiments of this aspect of the invention may 
include one or more of the following features: 
0028. The fluid can be at least one of a polymeric fluid and 
a non-Newtonian fluid. 
0029. The introducer can have an impedance that opposes 
the actuation of the introducer, the impedance is, e.g., depen 
dent upon the viscosity of the fluid and the fluid introduction 
system can be configured to obtain impedance data indicative 
of the dynamic viscosity of the fluid. 
0030. According to another aspect of the invention, a 
Syringe includes a reservoir, a plunger slidable with respect to 
the reservoir to apply pressure to fluid therein, and a pressure 
transducer secured with respect to the plunger Such that the 
pressure transducer is in direct contact with fluid in the res 
eVO1. 

0031 Embodiments of this aspect of the invention may 
include one or more of the following features: 
0032. A receivable portion of the plunger can be receiv 
able within the reservoir. The Syringe can include a cap 
secured with respect to the receivable portion of the plunger. 
The pressure transducer can be disposed between at least a 
portion of the cap and at least a portion of the receivable 
portion of the plunger. 
0033. The cap can include a hole configured to allow fluid 
present within the reservoir to contact the pressure transducer. 
0034. The cap and the plunger can be configured so as not 
to be rotatable with respect to one another when the cap is 
secured with respect to the receivable portion of the plunger. 
0035. The cap and the receivable portion of the plunger 
can each comprise an asymmetrical portion. The asymmetri 
cal portions of the cap and plunger can mate with one another 
to secure the cap with respect to the plunger. 
0036. The cap can comprise a resilient material that pro 
vides a seal within the Syringe. 
0037. The plunger can comprise a shaft, a first contact, a 
conductor extending along the shadt, and a second contact 
configured to mate with an actuator arm and to communicate 
pressure data from the pressure transducer. 
0038. The cap can define a passage such that the pressure 
transducer is in direct contact with fluid in the reservoir via 
the passage. The cap can also comprise a gasket seal Sur 
rounding the passage to provide a seal around the pressure 
transducer. 
0039. The plunger can comprise projections and the cap 
can comprise notches for receiving the projections to join the 
plunger and cap together. The cooperation between the pro 
jections and the notches can secure the pressure transducer on 
at least two sides. The projections and the notches can be 
asymmetric So that the cap and the plunger are secured 
together in only one orientation. The plunger can also com 
prise an asymmetric butt such that the plunger can be posi 
tioned in only one orientation with respect to a fluid delivery 
device. 
0040. According to another aspect of the invention, a fluid 
introduction system includes an introducer configured to 
introduce a fluid into a spine, and an operator configured to 
actuate the introducer to introduce fluid into the spine accord 
ing to a predetermined fluid introduction profile. 
0041 According to another aspect of the invention, a 
method for introducing fluid includes positioning a first intro 
ducer in a first portion of a spine, positioning a second intro 
ducer in a second, different portion of the spine and, without 
removing the first and second introducers, introducing fluid 
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into the first portion of the spine with the first introducer and 
introducing fluid into the second portion of the spine with the 
second introducer. 

0042 Embodiments of this aspect of the invention may 
include one or more of the following features: 
0043. The first and second portions of the spine can be 
different intervertebral discs. 
0044) Introducing fluid into the first portion of the spine 
can include creating a pressure of at least 10psi (69 kPa) in the 
first portion of the spine, and introducing fluid into the second 
portion of the spine can include creating a pressure of at least 
10 psi (69 kPa) in the second portion of the spine. Introducing 
fluid into the first portion of the spine can at least partially 
overlap the step of introducing fluid into the second portion of 
the spine. 
0045 Advantages of the invention may include one or 
more of the following: 
0046 Positioning at least two introducers is advantageous 
over removing and reinserting a needle because such move 
ment can cause the patient to anticipate pain. Additionally, the 
present system and method reduces the risk of infection 
because a syringe need be connected and removed only once 
during the procedure. Use of multiple introducers decreases 
the time required to perform a discography diagnostic by 
reducing the need for Switching the injection system between 
needles, and increases the degree of flexibility for testing and 
retesting various levels. 
0047. A method and system have been developed that 
improves the overall quality of introduction of fluid into the 
spine, e.g., during discography, vertebroplasty, and/or 
nucleus augmentation. With respect to discography, the 
improvement includes the ability to perform the test in a more 
reproducible manner, improving clinical efficacy. 
0048. The current system has design features that allow for 
a more standardized procedure with regards to patient inter 
action and feedback on pain responses. This is achieved by 
having a standardized dialog for the injectionist and patient 
Such that the injectionist does not provide inadvertent cues to 
the patient that could influence the patient's response, and that 
instructs the patient concerning their role in the procedure. 
Properly “blinding the patient as to when injections are 
performed is an example of how to avoid responses that could 
negatively influence the value of the procedure. There is a 
Substantial psychological component of pain, and this 
appears to be exacerbated in chronic pain Sufferers such as 
many people with back pain. A patient interface module of the 
system is also an embodiment. This includes a touch panel 
screen where the patient traces pain as to intensity and quality 
(concordant or not). Another embodiment is a squeeze bulb 
for intensity of pain. 
0049. Another aspect of performing a standardized pro 
Vocative disc diagnosis involves management of the data Such 
that a diagnostic report can be generated. 
0050. The system of the current invention has a central 
data logger that correlates pressure, flow and Volume readings 
from a Syringe manometry device with the injection sequence 
and patient response data. This central processor further per 
forms a diagnostic algorithm such as described by the ISIS 
(International Spine Injection Society) Guidelines (modified 
to incorporate the more robust data provided with this 
enhanced system), Such that a diagnostic report is generated. 
The central processor has user interfaces such as a keyboard 
that allows for entry of patient name, age, sex, date, and other 
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key demographic and procedure information Such that report 
ing, billing and other functions are expeditiously performed. 
0051. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0.052 FIG. 1 is a schematic illustration of a fluid introduc 
tion system; 
0053 FIG. 2 is an illustration of the fluid introduction 
system of FIG. 1; 
0054 FIG.3 is an illustration of the fluid drive assembly of 
the fluid introduction system of FIG. 1; 
0055 FIG. 4 is an illustration of sub-systems of the fluid 
introduction system of FIG. 1; 
0056 FIGS. 5 and 6 are illustrations of flow rate graphs; 
0057 FIG. 7 is a side-view of a plunger and cap with 
pressure transducer, 
0058 FIG. 8 is an illustration of the plunger of FIG. 7 with 
the cap and pressure transducer removed; 
0059 FIG. 9 is a front view of the plunger of FIG. 8: 
0060 FIG. 10 is a rear view of the cap of FIG. 7 with the 
plunger and pressure transducer removed. 
0061 FIG. 11 is a schematic illustration of an alternative 
fluid introduction system; 
0062 FIG. 12 is an illustration of an embodiment of the 
fluid introduction system of FIG. 11; 
0063 FIG. 13 is an illustration of another embodiment of 
the fluid introduction system of FIG. 11; and 
0064 FIGS. 14 and 15 are illustrations of flow profiles. 

DETAILED DESCRIPTION 

0065 Referring to FIG. 1, a fluid introduction system 20 
includes an introducer 22 and an operator 24. Introducer 22 
introduces fluid into a spine 28, such as into a vertebral body 
29 or an intervertebral disc 30 thereof. Operator 24 actuates 
the introduction of fluid by introducer 22, preferably accord 
ing to a fluid introduction profile. 
0.066 Referring also to FIG. 2, introducer 22 includes a 
fluid drive assembly 32 and a fluid introduction assembly 34. 
Fluid drive assembly 32 includes a fluid reservoir, e.g., a 30 
ml syringe 36, a pressure applicator, e.g., a plunger 38 slid 
ably received within syringe 36, for applying pressure to fluid 
therein, an actuator arm 40 for moving plunger 38, and a 
motor 42 for driving actuator arm 40. Fluid introduction 
assembly 34 includes a fluid introduction member, e.g., a 
needle 44 for positioning in spine 28, and tubing 46 intercon 
necting Syringe 36 and needle 44 via a connector 45. Syringe 
36 connects to tubing 46 via a fitting, e.g., a Luer lock fitting, 
or syringe 36 and tubing 46 can be otherwise mechanically or 
adhesively secured. Tubing 46 has a length of about 1.75 
meters. Introduction assembly 34 includes a pressure trans 
ducer 77 for providing pressure data indicative of a pressure 
within assembly 34 and a remote control 79 to receive an 
event marker input from a user and allow the user to control 
system 20 Such as by initiating, stopping, or pausing the 
introduction of fluid and setting fluid introduction param 
eters. Remote control 79 can be in hardwired or wireless 
communication with operator 24 and can be integral with 
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system 20 or mechanically free thereof. Introducer 22 and 
operator 24 are securely Supported by a Support 213 and a 
base 215. 

0067 Referring to FIG. 3, motor 42 is, e.g., an electric 
motor, such as the Haydon Switch and Instruments size 17 no. 
E43H4A-05 stepper motor (Waterbury, Conn.). Fluid drive 
assembly 32 includes a drive screw 48 secured to an output 
shaft 50 of motor 42, and rotatably coupled to a drive nut 52. 
Drive screw 48 is supported by a fluid drive bracket 58 and 
two support shafts 54 coupled to drive screw 48 by bearings 
56a, 56b. Bearings 56a, 56b are coupled to drive nut 52 to 
move linearly with drive nut 52. Axial movement of drive nut 
52 is transferred to actuator arm 40 by bearings 56a, 56b. 
Support shafts 54 distribute the load applied to drive screw 48. 
Motor 42 is reversible such that the fluid can be introduced 
and extracted from the spine using system 20. 
0068 Referring to FIG. 4, fluid introduction system 20 
includes a number of Sub-systems, e.g., fluid drive assembly 
32 of introducer 22, and operator control subsystem 60, pres 
Sure monitoring 62, data acquisition 64, patient feedback 66. 
user interface 68, and test report 70 of operator 24. These 
Subsystems and other aspects of the present invention are 
discussed below. 

0069 
0070 Referring again to FIGS. 1 and 2, introducer 22 
introduces fluid to a spine, Such as into a disc or vertebral 
body thereof. Introducer 22 minimizes variations from test to 
test in the amount of fluid introduced and/or the pressure 
created within the spine, which can occur due to tubing vari 
ables or Volume changes and allows for corrections due to 
pressure losses at, for example, connector 45. System com 
ponents exhibit minimal Volume change upon pressurization 
to about 100 psi (690 kPa), to about 150 psi (1035 kPa), e.g., 
to about 200 psi (1380 kPa). System 20 is preferably config 
ured to generate a pressure in a spine of at least about 10 psi 
(69 kPa), 20 psi (138 kPa), 50 psi (245 kPa), 100 psi (690 
kPa), 150 psi (1035 kPa), e.g., at least about 200 psi (1380 
kPa). Thus, operator 22 can use movements of the motor 42 to 
determine volume data indicative of the volume offluid intro 
duced into the spine, preferably to within 0.1 ml. A given 
volume of fluid can be repeatedly introduced with a standard 
deviation of about 0.2 ml or less, such as about 0.1 ml or less. 
Introducer 22 dispenses the fluid at a minimum rate of 0.05 ml 
s'. For example, introducer 22 can introduce a total volume 
of at least about 20 ml of fluid at from 0.1 mls' to 1 mls', 
such as in 0.1 mls' increments. Introducer 22 is preferably 
configured to introduce a non-pulsatile flow of fluid, e.g., a 
given volume of fluid, e.g., at least 0.3 ml or at least 0.5 ml, 
can be introduced at a pressure of at least 15 psi with the 
volume of fluid being introduced with a relative variation in 
flow rate of less than 10%, e.g., less than 5%. 
0071 Introducer 22 can introduce any of various fluids 
including but not limited to Newtonian fluids, non-Newto 
nian fluids, and polymeric fluids into a spine. For example, the 
fluid can be a typical discography fluid, Such as a saline 
Solution optionally including a radio-opaque contrast agent. 
Alternative fluids include a hardenable medium, such as bone 
cement, and a hyrdrogel. Such as used in nucleus augmenta 
tion or replacement. An exemplary bone cement includes a 
polymer, e.g., polymethylmethacrylate, a contrast agent, e.g., 
sterile barium powder, and an antibiotic. The hardenable 
medium can have a dynamic viscosity of at least 250 Pa, 500 
Pa, 750 Pa, 1000 Pa, such as at least about 1200 Pa. 

Introducer 
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(0072 Pressure Monitoring Subsystem 
0073 Pressure monitoring subsystem 62 determines the 
pressure of fluid present within introducer 22 and provides 
pressure data for use by the operator control subsystem 60 in 
feedback control loops. Pressure monitoring subsystem 62 
includes at least one pressure transducer and is discussed in 
more detail with respect to operator control subsystem 60 and 
syringe 36. The pressure transducer is located within intro 
ducer 22, such as in fluid introduction assembly 34 or fluid 
drive assembly 32, preferably in direct contact with fluid 
present within introducer 22. Pressure data can include, for 
example, pressure versus time data, a cracking pressure (the 
pressure at which internal pressure within the disc is over 
come and fluid begins being introduced) of an intervertebral 
disc, and a maximum pressure created. Each of these pressure 
data preferably include a time component indicative of a time 
at which the particular pressure occurred. 
0074 System 20 is preferably configured to determine the 
cracking pressure of a spinal disc. For example, the cracking 
pressure can be determined by monitoring the pressure of 
fluid within introducer 22 as pressure is applied to syringe 36. 
When the cracking pressure is reached, a pressure variation, 
Such as a pressure drop, occurs. System 20 can mark the 
cracking pressure and time the cracking pressure was reached 
as an event that can be reported using report sub-system 70 
discussed below. 
(0075 Operator Control Subsystem 
0076 Operator control sub-system 60 improves the 
repeatability and accuracy at which the fluid is introduced 
into the spine and allows for various fluid introduction modes. 
System 20 can be used in a manual mode or a preprogrammed 
mode. In the manual mode, the user controls the starting and 
stopping of system 20 as well as any pauses in fluid introduc 
tion. A user interface 68 including a graphical interface 75 of 
operator 24 accepts user inputs of control parameters, test 
conditions, e.g., the disc or disc to be tested, and provides the 
user with real time data indicative of at least one of fluid 
pressure (pressure data), an amount (e.g., Volume) of fluid 
introduced (volume data), and a rate of fluid introduction (rate 
data). Pressure data indicative of the pressure of fluid within 
introducer 22 is obtained from a pressure transducer, as dis 
cussed below. Volume data indicative of the amount of fluid 
introduced is obtained from the actuation of syringe 36 by 
motor 42. Rate data indicative of the rate of fluid introduction 
is determined from the volume data as a function of time. 
Each of the volume and rate data preferably includes a time 
component indicative of a time associated with the particular 
data. 
(0077 Graphical interface 75 displays data indicative of 
system 20 parameters, e.g., fluid introduction parameters 
related to the introduction of fluid, during a test. For example, 
real time pressure data, Volume data, and rate data can be 
displayed graphically, numerically, or through combination 
thereof. The location of the disc or disc into which fluid is 
being introduced can be displayed. Event markers and patient 
response data can also be displayed, preferably by showing 
the temporal relationship between the system 20 parameters 
and the event marker or patient response. 
0078. In the preprogrammed mode, fluid is introduced 
according to a predetermined fluid introduction profile under 
microprocessor control, e.g., using computer code residing in 
a computer readable medium. During the introduction of fluid 
according to a predetermined fluid introduction profile, con 
trol subsystem 60 controls the introduction of fluid to achieve 
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a given fluid pressure, a given pressure profile, introduce a 
given Volume of fluid, or introduce fluid at a given rate or rate 
profile as specified by the user or manufacturer. Fluid intro 
duction profiles calling for variable introduction according to 
these parameters can be used. System 20 includes control 
loops, as discussed below, which can dynamically modify the 
introduction of fluid during the introduction according to a 
predetermined fluid introduction profile. 
0079 System 20 can be configured to switch between the 
control offluid introduction according to a given combination 
of parameters, e.g., one or more of pressure, Volume, and rate, 
and control of fluid introduction according different combi 
nation of such parameters. For example, System 20 can allow 
introduction of fluid according to one combination of param 
eters until the cracking pressure of a disc is reached and then 
switch the introduction of fluid according to a different com 
bination of parameters thereafter. The switch can be initiated 
by system 20 or a user thereof. 
0080. The control sub-system 60 incorporates pressure, 
Volume, and/or rate feedback control loops, e.g., propor 
tional-integral-derivative (PID) control loops, to control the 
fluid introduction based upon pressure data, Volume data, or 
rate data, respectively. Of course, a feedback control loop can 
utilize a combination of these and other parameters to control 
the fluid introduction. For example, during fluid introduction, 
increased resistance to the fluid introduction can cause a 
pressure increase. Control sub-system 60 includes a feedback 
loop configured to reduce a rate of advance of actuator arm 40 
until the measured pressure returns to a value within a prede 
termined range. Control Sub-system 60 can also include a 
feedback loop that notifies a user of a pressure decrease, 
which can be indicative of a pressure loss or leak. The user 
maintains a manual override during preprogrammed fluid 
introduction. All control loops discussed herein can be imple 
mented as computer code residing in a computer readable 
medium. 

0081. As discussed above, a pressure variation can occur 
when the cracking pressure of a disc is reached during a test. 
Control sub-system 60 can include a control loop to minimize 
fluctuations in the rate of fluid introduction that might other 
wise result from the pressure variation. For example, if a drop 
in pressure occurs, the control loop can reduce the actuation 
rate of motor 42 to compensate for the pressure drop in 
pressure. Thus, system 20 can maintain the introduction of 
fluid at a constant rate. 
0082) Operator control sub-system 60 can correct the pres 
sure data for differences between the pressure created within 
a spine by the introduction of fluid and the pressure of the 
fluid within introducer 22. A variable that can cause such 
differences is the resistance to fluid introduction caused by 
the impedance of the Syringe 36 and fluid introduction assem 
bly 34. For example, tubing with a narrower bore and/or 
longer length will have a higher impedance than tubing with 
a wider bore and/or shorter length. Also, a needle with a 
narrowerbore and/or longer length will have a higher imped 
ance than a needle with a wider bore and/or shorter length. 
During the introduction of fluid, the impedance can cause the 
pressure data from the introducer to be higher than the actual 
pressure created in the spine. Operator control subsystem 60 
includes control loops that correct the pressure data based 
upon impedance data indicative of the impedance to fluid 
introduction offluid introduction assembly 34 and syringe 36. 
Exemplary impedance data are indicative of the resistance to 
fluid flow of the syringe and fluid introduction assembly and 
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can include, e.g., at least one of the gauge of the needle, the 
length of the needle 44, the inner diameter of the tubing, and 
the length of tubing 46. 
I0083. The impedance data can be determined on the basis 
of the properties of the Syringe and fluid introduction assem 
bly 34, empirically, or by a combination thereof. For example, 
as discussed below, introducer 22, e.g., Syringe 36, can 
include the impedance data. Empirical determination of the 
impedance data can be performed as follows. Operator con 
trol subsystem 60 actuates fluid drive assembly 32 by an 
amount Sufficient to dispense a given amount of fluid. The 
actuation is preferably performed prior to inserting needle 44 
into a spine. Pressure data are obtained during the actuation. 
The impedance data are determined based upon the pressure 
during actuation and the Volume of fluid dispensed. Operator 
control subsystem 60 allows fluid variables including viscos 
ity to be input for use in empirical impedance determination. 
I0084 As discussed above, system 20 can be used to intro 
duce hardenable media, e.g., bone cements, into a spine. Such 
as in vertebroplasty. The viscosity of a hardenable medium 
increases as it cures and the medium is preferably not intro 
duced into the spine until having reached a predetermined 
viscosity. Operator control subsystem 60 includes a viscosity 
determination control loop to determine when the hardenable 
medium has reached the predetermined viscosity suitable for 
introduction. Prior to introducing the hardenable medium 
into the spine, the Viscosity determination control loop actu 
ates the fluid drive Subsystem to dispense a given amount of 
the hardenable medium and pressure data are obtained during 
the dispensation. The resistance of the fluid to the dispensa 
tion appears as an increase in pressure within the introducer 
22 and is a function of the viscosity of the hardenable 
medium. The viscosity of the hardenable fluid is determined 
using the pressure data and calibration data for the particular 
hardenable fluid. Impedance data, as described above, may 
also be used in the determination of the viscosity. 
I0085. Referring to FIGS. 5 and 6, fluid can be introduced 
according to a number of different predetermined fluid intro 
duction profiles. During a continuous fluid introduction pro 
file 80, a pressure within the spine and/or an amount of fluid 
introduced into the spine increase continuously between a 
starting point 82 and an end point 84. A slope 86 of profile 80 
can be varied. During preferred continuous fluid introduction 
profiles, a rate of fluid introduction is constant, such as 
between starting point 82 and end point 84. Thus, a pressure 
within the disc and the total volume of fluid introduced 
increase linearly. Non-linear fluid introduction profiles dur 
ing which the rate of fluid introduction varies can also be 
used. 
I0086. As seen in FIG. 6, during a ramp fluid introduction 
profile 90, pressure increases 92 within the spine to a first 
level 94 and is then held at this level for a time and then 
pressure increases 96 to a second level 98 and is then held for 
a period of time. First and second pressure levels and the 
duration of time for which these levels are held can be arbi 
trary or predetermined. One or more additional pressure 
increases 100 and holds 102 can be added until a desired 
upper pressure or Volume limit is reached. The increases in 
pressure can be at a constant or variable rate as described 
above. 
I0087 Syringe 
I0088 Returning to FIG. 2, syringe 36 provides a reservoir 
for fluid to be introduced into the spine and is preferably clear 
to allow a user to determine the fluid level therein and ascer 
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tain the presence of bubbles. Plunger 38 slides with respect to 
Syringe 36 to pressurize fluid therein causing fluid introduc 
tion assembly 34 to dispense fluid. Referring also to FIGS. 7 
and 8, plunger 38 includes a cap 39. Cap 39 is formed of a 
resilient material, e.g., a silicone-based material, to provide a 
seal sufficient to withstand pressures without substantial 
leakage of up to 150 psi within syringe 36. 
0089 Cap 39 includes a pressure transducer 41, e.g., a 
piesoresistive pressure sensor, Such as an ICSensors Model 
1471 pressure transducer, and a passage 43 configured to 
place a pressure sensing portion 101 of transducer 41 in direct 
contact with fluid present within syringe 36. Pressure trans 
ducer 41 provides pressure data indicative of a pressure of the 
fluid. Plunger 38 includes first contacts 47, a conductor 49 
extending along a shaft 69 of plunger 38, and second contacts 
51 for communicating pressure data away from cap pressure 
transducer 41. Actuator arm 40 includes contacts 53 that mate 
with contacts 51 (FIG. 3) such that the pressure data are 
received by operator 24, which is in communication with fluid 
delivery device 32. Transducer 41 preferably provides pres 
sure data accurate to within 2% of the actual pressure over a 
range of 0-100 psig (0-690 kPa), e.g., 0-150 psig (0-1035 
kPa). A secondary pressure transducer can be used to act as a 
backup to transducer 41. 
0090 Cap 39 and plunger 38 securely seat pressure trans 
ducer 41 to limit leaks and loss of electrical connectivity 
during use. Cap 39 includes a gasket seal 55 surrounding 
passage 43 and an inner wall 57 providing a secondary seal 
around the sides of the pressure transducer to limit fluid 
coming in contact with the electrical contacts of pressure 
transducer 41 and plunger 38. Adhesive may be used to fur 
ther secure pressure transducer 41 with respect to cap 39 and 
to limit loss of electrical contact. First contacts 47 are pref 
erably molded as part of plunger 38 to provide a solder-less 
contact that reduces leakage and improves electrical isola 
tion. 

0091 Referring to FIGS. 9 and 10, plunger 38 includes 
projections 61a, 61b and cap 39 includes notches 63a, 63b for 
receiving projections 61a, 61b when the plunger and cap are 
mated. Additionally, cooperation between projections 61a, 
61b and notches 63a, 63b secures pressure transducer 41 on at 
least two sides to limit lateral motion with respect to cap 39 
and plunger 38. Projections 61a, 61b and notches 63a, 63b are 
preferably asymmetric so that cap 39 can be secured to 
plunger 38 in only one orientation. Cap 39 includes locating 
marks, e.g., locating pins 59 so that pressure transducer 41 
can be secured with respect to cap 39 in only one orientation. 
The asymmetric projections, notches and the locating marks 
facilitate proper assembly of cap 39, plunger 38, and trans 
ducer 41. The asymmetrical portions of the cap and plunger 
can mate with one another to secure the cap with respect to the 
plunger. Cap 39 and plunger 38 are preferably not rotatable 
with respect to one another when the cap is secured with 
respect to the plunger. 
0092 Plunger 38 includes a butt 71 that can also be asym 
metric so that plunger 38 can be positioned in only one ori 
entation with respect to fluid delivery device 32 thereby assur 
ing proper communication between contacts 51 of plunger 38 
and contacts 53 of actuating arm 40 (FIG. 3). Because con 
tacts 51 of plunger 38 and contacts 53 of actuator arm 40 are 
brought into electrical communication by positioning Syringe 
36, no additional electrical contacts need be made by a user. 
Fluid delivery device 32 determines when contacts 53 of 
actuator arm 40 contact contacts 51 of butt 71 of plunger 38 
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such that additional movement of actuator arm 40 would 
pressurize syringe 36 and/or dispense liquid. Fluid drive sub 
system32 can also include a sensor (not shown) to determine 
when actuator arm 40 has been fully extended. 
0093. As discussed above, syringe 36 and plunger 38 can 
include impedance data indicative of an impedance to fluid 
introduction of syringe 36 and fluid introduction assembly 34. 
In a preferred embodiment for a particular fluid drive assem 
bly 32 and fluid introduction assembly 34 provided by the 
manufacturer, impedance data are readout at contacts 51 of 
plunger 38 by contacts 53 of actuator arm 40 (FIG. 4). For 
example, a particular arrangement of contacts 51 can be 
indicative of the impedance data. Thus, when a Syringe, 
plunger, and fluid introduction assembly are positioned for 
use in fluid delivery system32, the impedance data are read at 
contacts 53 and received by operator 24. The operator control 
subsystem 60 includes control loops that control the introduc 
tion of fluid based at least in part upon the impedance data. In 
one embodiment, the fluid introduction assembly 34 is a 
disposable assembly to be discarded after a single use. In Such 
an embodiment, operator 24 is preferably configured to rec 
ognize each assembly and limit the assembly to a single 
patient use. 
0094. Fluid introduction assembly 34, can include other 
data indicative of properties of the system, e.g., an expiration 
date of the assembly and/or properties of fluid within the 
assembly, e.g., composition and Viscosity, if preloaded by the 
manufacture. These data and the impedance data may be 
encoded using, e.g., radio frequency identification, bar cod 
ing, and oran arrangement of contacts 51, as discussed above. 
Operator 24 can be configured, such as through computer 
code, to read the data, e.g., expiration date data, and prevent 
use of an expired fluid introduction assembly. Operator 24 
can be configured, such as through computer code, to read 
data indicative of properties of preloaded fluid and adjust 
fluid introduction profiles according to the properties of the 
preloaded fluid. 
(0095 Data Acquisition 
0096 Data acquisition sub-system 64 increases the effi 
ciency of system 20 by collecting Substantially all patient 
related data in one location such that the patient-related data 
can be readily incorporated into a final report. Data acquisi 
tion Subsystem 64 also allows for accurate and real time data 
acquisition and monitoring facilitating the diagnostic capa 
bility of fluid introduction procedures such as discography. 
These and other features of data acquisition Sub-system 64 
can be implemented by a computer readable medium includ 
ing computer code. 
0097. Data acquisition subsystem 64 records user inputs, 
Such as a patient identifier, the location(s) of the spine receiv 
ing injected fluid, the number of locations receiving fluid, and 
the order of fluid introduction into these locations. Other data, 
Such as the cracking pressure of the disc, maximum pressure 
reached in each disc, the presence of pressure leakage, equi 
librium pressure in each disc, and volume of fluid introduced 
can also be recorded. These data can be recorded in any one of 
a number of digital media including flash cards, floppy discs, 
CD etc. The data acquisition Subsystem also receives event 
marker inputs, such as from remote control 79. The event 
marker inputs may be indicative of a patient response 
observed by the user or other condition to be noted. 
(0098 Patient Feedback Sub-System 
(0099 Patient feedback sub-system 66 receives real-time 
quantifiable response data of the patient. The response data 
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preferably includes a patient's pain level and concordance 
and can include data input directly by the patient using, e.g. a 
Squeeze ball or a sliding device correlated to a visual analog 
scale (VAS) from 0-10 and including an axis for relating level 
of concordance/non-concordance of the pain, and/or 
observed data such as physiological parameters including 
electromyographic response data. Other observed data 
include audiovisual recordings of facial responses such as 
wincing, grimacing, clenching of the jaw and the like. 
0100. The response data is communicated to data acquisi 
tion Sub-system and temporally correlated with actual mea 
surements of disc pressure and the volume of fluid introduced 
into one or more discs. These and other features of patient 
feedback sub-system 66 can be implemented by a computer 
readable medium including computer code. 
0101 Report Sub-System 
0102 Report sub-system 70 provides a final report that 
facilitates the diagnosis of the pain Source and reimbursement 
procedures as well as the ability to interface with other digital 
patient records, such as the Smith & Nephew digital OR 
system. 
0103) The report sub-system creates records of the proce 
dure, and correlates other imaging modalities Such as fluo 
roscopy, CT and MRI scans into the patient record. It also 
produces reports that have analyzed the data per protocols 
that have been developed by professional societies such as 
ISIS, NASS or reimbursing institutions. The data is informats 
that can be incorporated into other digital patient record man 
agement systems such as that used by the DOD. These and 
other features of report sub-system 70 can be implemented by 
a computer readable medium including computer code. 
0104 Reports provided by sub-system 70 allow a com 
parison of the temporal relationship between event markers, a 
particular patient response, pressure and Volume introduction 
data, and a state of fluid introduction system 20. Based on 
Such reports, a user can discriminate between pain correlated 
with the onset of fluid introduction and pain more strongly 
correlated with a particular pressure or Volume introduced. 
The ability to establish Such temporal relationships among 
data acquired during a diagnostic procedure facilitates diag 
nostic accuracy. 
0105. Other embodiments are within the scope of the 
invention. For example, referring to FIG. 11, a fluid introduc 
tion system 120 includes an introducer 122 having at least 
three, e.g., at least four, fluid introduction assemblies 34 (each 
fluid introduction assembly is as described above) and an 
operator 124 to actuate the fluid introduction assemblies of 
introduction system 120. Embodiments of introducer 122 are 
described below as introducers 222 and 322. 
0106 Referring to FIG. 12, a fluid introduction system 
220 includes an introducer 222 having three fluid introduc 
tion assemblies 34 and a fluid drive assembly 32, as described 
above, coupled to each of the three fluid introduction assem 
blies 34 through a manifold 115. Manifold 115 defines an 
inflow channel 117 and three outflow channels 119. Located 
along each outflow channel is a valve 121 and a pressure 
sensor 123, which can be used as an alternative or comple 
ment to locating a pressure sensor elsewhere within intro 
ducer 222. Valves 121 control the flow of fluid from the fluid 
drive assembly 32 to each fluid introduction assembly 34. 
Operator 224 can be configured as described for operators 22 
and 122. Additionally, operator 224 is in feedback communi 
cation with the valves 121 and pressure sensors 123 of mani 
fold 115 and fluid drive assembly 32. Accordingly, operator 
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224 actuates valves 121 and fluid drive assembly 32 to effect 
predetermined fluid introduction profiles by any combination 
of fluid introduction assemblies 34. Operator 224 also deter 
mines the actuation of valves 121 and fluid drive assembly 32 
based upon pressure readings from pressure sensors 123. 
Introducer 222 is preferably configured to generate a pressure 
in a spine of at least about 10 psi (69 kPa). 20 psi (138 kPa), 
50 psi (245 kPa), 100 psi (690 kPa), 150 psi (1035 kPa), e.g., 
at least about 200 psi (1380 kPa) in each of at least three 
portions of a spine, e.g., at least four portions of a spine. 
01.07 Manifold 115 allows more than one needle 44 to be 
connected to the syringe 36 prior to start of a fluid introduc 
tion procedure. Each needle 44 can then be positioned with 
respect to the spine, e.g., at an appropriate disc level or ver 
tebral body and the valves controlled to introduce fluid 
sequentially or concurrently. 
0.108 Referring to FIG. 13, a fluid introduction system 
320 includes an introducer 322 having three fluid introduc 
tion assemblies 34 (each fluid introduction assembly is as 
described above) coupled to three fluid drive assemblies 32, 
as described above. Introducer 322 is preferably configured to 
generate a pressure in a spine of at least about 10 psi (69 kPa), 
20 psi (138 kPa), 50 psi (245 kPa), 100 psi (690 kPa), 150 psi 
(1035 kPa), e.g., at least about 200 psi (1380 kPa) in each of 
at least three portions of a spine, e.g., at least four portions of 
a spine. 
0109 Fluid introduction systems 120, 220, and 320 allow 
a user to position two or more fluid introduction assemblies 
34 such that each of the positioned assemblies is ready to 
introduce fluid into the spine, e.g., into different intervertebral 
discs or different vertebral bodies. Then, using the positioned 
assemblies, the user can introduce fluid into the spine to 
create a simultaneous state of pressure in each two, three, or 
more portions of the spine. Thus, the user can introduce fluid 
into two or more different portions of the spine without 
removing or repositioning the fluid introduction assembly 
from one of the portions. 
0110 Referring to FIG. 14, using pressure or volume feed 
back control, the rate of increase of pressure or Volume at each 
of three disc levels can be controlled such that each disc level 
is concurrently stimulated at different levels. Alternatively, as 
shown in FIG. 15, each disc level can sequentially be stimu 
lated to the same level. Thus, the introduction of fluid into 
different portions of the spine can be concurrent, sequential, 
or partially overlapping in time. 

What is claimed is: 
1. A syringe comprising: 
a reservoir; 
a plunger slidable with respect to the reservoir to apply 

pressure to fluid therein; and 
a pressure transducer secured with respect to the plunger 

Such that the pressure transducer is in direct contact with 
fluid in the reservoir. 

2. The syringe of claim 1, wherein a receivable portion of 
the plunger is receivable within the reservoir and the syringe 
comprises a cap secured with respect to the receivable portion 
of the plunger, the pressure transducer being disposed 
between at least a portion of the cap and at least a portion of 
the receivable portion of the plunger. 

3. The Syringe of claim 2, wherein the cap comprises a hole 
configured to allow fluid present within the reservoir to con 
tact the pressure transducer. 
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4. The Syringe of claim 2, wherein the cap and the plunger 
are not rotatable with respect to one another when the cap is 
secured with respect to the receivable portion of the plunger. 

5. The syringe of claim 4, wherein the cap and the receiv 
able portion of the plunger each comprise an asymmetrical 
portion, the asymmetrical portions of the cap and plunger 
mating with one another to secure the cap with respect to the 
plunger. 

6. The Syringe of claim 2, wherein the cap comprises a 
resilient material that provides a seal within the Syringe. 

7. The Syringe of claim 1, wherein the plunger comprises a 
shaft, a first contact, a conductor extending along the shaft, 
and a second contact configured to mate with an actuator arm 
and to communicate pressure data from the pressure trans 
ducer. 

8. The Syringe of claim 2, wherein the cap defines a passage 
such that the pressure transducer is in direct contact with fluid 
in the reservoir via the passage. 

Mar. 15, 2012 

9. The syringe of claim 8, wherein the cap comprises a 
gasket seal Surrounding the passage to provide a seal around 
the pressure transducer. 

10. The Syringe of claim 2, wherein the plunger comprises 
projections and the cap comprises notches for receiving the 
projections to join the plunger and cap together. 

11. The syringe of claim 10, wherein cooperation between 
the projections and notches secure the pressure transducer on 
at least two sides. 

12. The syringe of claim 10, wherein the projections and 
the notches are asymmetric so that the cap and the plunger are 
secured together in only one orientation. 

13. The Syringe of claim 1, wherein the plunger comprises 
an asymmetric butt such that the plunger is positioned in only 
one orientation with respect to a fluid delivery device. 
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