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(57) ABSTRACT 

An energy delivery device controls the transformation of the 
microstructure of shape memory material. A Surgeon can use 
the energy delivery device to control the rate of implant 
shape change, the extent of implant shape change, as well as 
the force exerted on the Surrounding tissue. The energy 
delivery device allows for the fine control of force when 
fixating osteoporotic bone and rate of bone transport when 
working near the spinal cord. The energy delivery device 
models or measures the heating profile of the implant and 
provides the Surgeon a method to control the extent of 
microstructure phase transformation so that the rate, force or 
extent of implant shape change can be controlled individu 
ally or together. The invention is an implant controlled with 
an energy delivery device that transforms the microstructure 
of a shape memory material through heat generation in the 
implant. The implant is manufactured so that the energy 
delivery device achieves an implant temperature that con 
trols the conversion of the microstructure for one of a 
plurality of members. 
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Tissue Force Versus implant Temperature 
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implant Tissue Force vs. Shape Change Period 
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SYSTEM AND METHOD FOR FORCE, 
DISPLACEMENT, AND RATE CONTROL OF 
SHAPED MEMORY MATERAL IMPLANTS 

FEDERALLY SPONSORED RESEARCH 

0001. Not applicable 

FIELD OF THE INVENTION 

0002 The present invention relates to instrumentation 
and a method of controlling in vivo shape changes in devices 
formed from memory materials that change shape when 
heated. In particular, the present invention relates to Surgical 
instrumentation, used to control the rate of shape change and 
forces imparted to the Surrounding tissue by memory mate 
rial implants during medical use. 

BACKGROUND-DISCUSSION OF THE PRIOR 
ART 

0003 Shape memory alloys such as nitinol have been 
well known since their development by Buehler and Wiley 
(U.S. Pat. No. 3,174,851) in 1965. Other metals, such as 
AuCd, FePts, beta Brass and InTI, exhibit shape memory 
behavior. These materials have the property of changing 
shape in response to a change in material temperature. This 
shape change potential is imparted into the memory metal 
device through a series of heat treatments. 
0004 The transition temperature range is imparted to the 
material through varying mixtures of intermetallic com 
pounds such as nickel-titanium and heat treatment. The heat 
treatment methods for the material generally consist of at a 
minimum high temperature setting of the desired final shape 
of a device followed by a low temperature straining of the 
device to a second shape. Then when the device is the 
second shape and brought to the transition temperature the 
device returns to the preprogrammed final shape. The shape 
change occurs due to the transition of the material from a 
martensitic to austenitic phase microstructure. These heat 
initiated changes cause gross changes in the shape of the 
implant formed from the memory metal. 
0005 Shape memory alloys have been used for a wide 
range of industrial and medical applications. Medical appli 
cations include but are not limited to: catheter, intrauterine 
contraceptive device, gastrointestinal compression clip, 
blood vessel filter, coronary artery stent, skin staple, bone 
Staple, and bone plate. 
0006. In the prior art memory metal implants have been 
caused to change shape by heating by their environment, 
applied current or directed energy. Implants and Surgical 
instruments that change shape in the environment of human 
body temperature have been described by Jervis and include 
but are not limited to laprascopic instruments, needle and 
Suture manipulation devices, and expansion and shrinkable 
coil stents and closures. Implants, that change shape using 
the Joule effect through resistive heating, have been 
described by Krumme. Alfidi and Flot. The prior art asso 
ciated with resistive heating of memory alloys have not 
recognized the need for the control of the rate of shape 
change and magnitude of forces applied by the implant to the 
surrounding tissue. Furthermore, the prior art describes the 
full transition of the material from martensitic to austinetic 
microstructure through the delivery of either: 1) a predeter 
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mined amount of heat energy to a specific implant (Flot), 2) 
opening to an initial configuration (Alfidi) or 3) until the 
shape change breaks contact with current carrying electrodes 
(Krumme). 
0007 Only Jervis recognized the need for force and 
shape control of a musculoskeletal implant but controlled 
these through a mechanical actuator that resisted the heat 
induced shape change. This approach was required due to 
the transition temperature of the metal fully converting to 
the austinetic phase at body temperature. In this case, there 
was no force control of the implant due to the body tem 
perature transition point of the metal, which resulted in the 
implant applying the maximum potential force to the Sur 
rounding tissue. 
0008. The prior art is at a significant disadvantage to the 
subject invention in the field of orthopaedics due to the lack 
of a method and system to control the rate and maximum 
shape change force exerted on the Surrounding tissue. The 
clear advantages of the subject invention will be seen in the 
following review of the prior art. 
0009 Methods of heating memory alloy medical devices 
to change their shape include: conductive heat transfer 
(Alfidi U.S. Pat. No. 3,868,956 and Krumme U.S. Pat. 
Nos. 4.550,870 and 4,485,816), electromagnetic energy 
heating, and resistive heating using the joule effect (Alfidi 
U.S. Pat. No. 3,868,956), Krumme U.S. Pat. No. 4,485, 
816) and Flot U.S. Pat. No. 6,268,589 B1 and U.S. Pat. No. 
6,323.461 B2). One source of conductive heat energy is the 
ambient temperature of the human body (Jervis: U.S. Pat. 
No. 4,665,906, U.S. Pat. No. 5,067,957, U.S. Pat. No. 
5,190.546, and U.S. Pat. No. 5,597,378). 
0010 Resistive heating has been found to be a convenient 
method for medical devices. Resistive heating devices have 
used both AC current (Flot U.S. Pat. No. 6,268,589 B1) 
and DC current (Alfidi U.S. Pat. No. 3,868,956 and 
Krumme U.S. Pat. No. 4,485,816) to change the implant 
shape. These systems control the heating current so as to 
limit the maximum temperature (Flot U.S. Pat. No. 6,268, 
589 B1) and (Alfidi U.S. Pat. No. 3,868,956) or extent of 
shape change of the implant (Krumme U.S. Pat. No. 
4,485.816). Though these methods and devices control 
thermal injury to tissue and extent of shape change they are 
significantly limited in musculoskeletal applications. 
0011 Krumme (U.S. Pat. No. 4,485,816; col 6, In 37–44) 
controls the maximum temperature and extent of shape 
change by causing contact between the implant and elec 
trode to break as a result of the shape change. This simul 
taneous secession of heat or electrical energy flow limits 
heating of the implant to a level that makes it suitable for use 
in implant applications. This implant heating strategy results 
in a predetermined degree of shape change but no control of 
its force or rate of shape change. This strategy significantly 
limits implant design because in many musculoskeletal uses 
solid stable bone structures may not allow the implant to 
change shape only to provide compressive forces. Thus in 
this application the shape change would not break contact 
between the implant and electrode and stop heat energy 
delivered. Thus the heating device of Krumme can not 
control either rate of shape change or force exerted on the 
Surrounding tissue. 
0012 Alfidi U.S. Pat. No. 3,868,956, col 7, in 20-33) 
provided time and Voltage controls to limit the energy 
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applied to an implant so as to fully activate the implant at 
temperatures compatible with the enclosure of the heating 
element and the biologic environment in which the implant 
is used. Alfidi could monitor the actual current flow over a 
fixed preset time. Alfidi heated quickly to avoid thermal 
damage U.S. Pat. No. 3,868,956, col 3, ln 41-43) and 
expanded the “wire appliance to a desired degree'U.S. Pat. 
No. 3,868,956, col 3, ln 10-15 where desired degree was 
consistently referenced as “it assumes . . . a configuration. 
. . which . . . is . . . Substantially similar to said initial 
configuration’U.S. Pat. No. 3,868,956, col 8, ln 61-63). The 
initial configuration is the first shape referenced above that 
is formed during the initial high-temperature heat treatment. 
Because the implant is fully activated, the heating device of 
Alfidi can not control the force exerted on the surrounding 
tissue. 

0013 Flot U.S. Pat. No. 6,268,589 B1 col 1, ln 44-47 
provided voltage control but removed control of the energy 
delivery time described by Alfidi U.S. Pat. No. 3,868,956 
from the Surgeon to lessen the potential for overheating the 
implant and causing tissue injury. Flot matched an implant 
size to a specific Voltage setting for a fixed period of time 
through the use of resistor (R17) on the circuit board U.S. 
Pat. No. 6,268,589 B1 col 3, ln 21-23). This matching of 
implant to Voltage required to provide the complete marten 
sitic to austenitic of an implant is proposed by Flot to be 
matched to an implant mass so that it does not reach a 
temperature Sufficiently high so as to cause thermal necrosis 
to surrounding tissue. Flots approach is limiting in that 
without control of time the range of implants mass that can 
be effected with this invention is lihited to 0.8 grams to 2.8 
grams U.S. Pat. No. 6,268,589 B1 col 3. ln 3-7 and col 4, 
In 37-39. This occurs due to the implants heating profile 
being dependent only on applied Voltage magnitude and the 
impedance and mass of the implant. Without user control of 
both the time and applied Voltage the total heating energy to 
an implant is lihited. Thus the implant sizes that can be 
heated through their transition temperature is limited. The 
fixed relationship between implant size and control settings 
presented by Flot teaches against the control of forces 
exerted by the shape memory alloy implant on the Surround 
ing tissue. Furthermore the inability to control heat energy 
delivery time teaches away from controlling the rate of 
memory-metal-implant shape changes so as to protect vital 
Structures. 

0014) Jervis, U.S. Pat. No. 4,665,906 example II and IV 
whose medical shape memory alloy implants have a transi 
tion temperature Substantially at body temperature is the 
only author of the prior art that realizes the importance of 
controlling the rate and force applied by the shape changing 
memory alloy implant. Due to the full transition of marten 
sitic to austenitic microstructure occurring in the implant at 
body temperature, Jervis controls the shape change with a 
"mechanical restraint ... achieving excellent force and time 
control, and permitting the Surgeon to make adjustments as 
desired.” The advantage of not requiring a separate instru 
ment to control the closure of the implant through applied 
heat energy overcomes the need for a "mechanical restraint' 
instrument. This instrument limits the use of the shape 
memory implant. In medicine a different instrument would 
be needed for each implant design. Furthermore, many uses 
would not be realized due to the bulk and functional require 
ments of the instrument needed to control the closing force 
and rate of the implant. Finally, once placed and the 
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mechanical restraint removed the implant fully converts to 
the austinetic microstructure and there is no longer any force 
control. Thus the invention of Jervis has significant disad 
vantages compared with the Subject invention. 
0015 The prior art consistently teaches an instrument or 
techniques to transform the implant to a single final state. 
The art describes high temperature setting of an initial shape, 
low temperature deformation to a second shape state, and 
heating of the implant to return the implant to its initial 
shape. The prior art does not present, as the Subject invention 
describes, a device or method to control the martensitic to 
austinetic transformation so that a plurality offixation forces 
and rates can be achieved from each of a plurality of implant 
designs. Jervis’s implant reaches the state associated with 
body temperature heating. Krumme reaches the state asso 
ciated with shape change breaking contact with the current 
Source. Alfidi reaches a configuration that is Substantially 
similar to said initial configuration. Flot provides “predeter 
mined quantities of heat, each corresponding to a given size 
of clamp' but does not provide a plurality of heat energies 
to a single style clamp to control the force applied to bone 
or its rate of closure. 

0016. These limitations of the prior art have caused 
memory metals to be limited in use in orthopaedics. Memory 
alloy implants have found use as simple two and four leg 
staples but have not reached the potential of implants that 
can be manipulated with precise control to change their 
shape and move bony structures. The lack of Surgeon control 
of forces applied to bone is of significant concern in 
osteoporotic bone and thus with implants and heat energy 
sources described in the prior art. Furthermore the quick 
shape changing movement of implant and bony structures 
described under the prior art could pinch and injury the 
spinal cord. This inability to adjust the implants shape 
changing response within the martensitic to austenitic trans 
formation temperature range to control its force and closure 
rate has discouraged the clinical use of these systems. The 
Subject invention presents an innovative Solution to these 
clinical issues. 

OBJECTS AND ADVANTAGES 

0017. The subject invention for musculoskeletal implant 
applications recognizes that closing force and rate of shape 
change of the implant are critical factors in the implants 
Success due to the wide range of bone strength, anatomical 
variation and medical need. 

0018. In osteoporotic bone an implant that closes with too 
much force may create fracture. In displaced fractures of 
healthy bone, implant forces exerted by its shape change 
may be too low to pull the fracture line closed. If the forces 
are just right, bone is stimulated to gain mass and strengthen. 
This tendency of bone to adapt to the loads applied to it is 
described by Wolff's Law. Implants that allow the surgeon to 
control these forces provide unique clinical benefit in sta 
bilizing bone fractures and applying residual forces that take 
advantage of Wolff's Law and advance bone healing. The 
lack of control, of the peak and residual forces by the 
inventions of the prior art, has significantly impeded the 
adoption of musculoskeletal implants that changed shape. 
0019. A secondary but significant element of this inven 
tion is the ability for the surgeon to control the rate of shape 
change of the memory metal. In the fixation of bone, 
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memory metals when heated move bone to close fracture 
lines or joints intended to be fused. When working in the 
spine the movement of vertebra to bring them into apposi 
tion to facilitate fusion should be done slowly so as to not 
cause impingement of the spinal cord. When heating ortho 
paedic memory metal implants that change the relative 
position or angle of bone, it must be done slowly so as to 
achieve the proper position. The novel feature of controlling 
the rate of movement of members of bone fixation implants 
provides the Surgeon new treatment modalities and opens 
new design possibilities heretofore not available. 
0020 Implants may have multiple members that change 
shape. Some of these members may be controlled individu 
ally and others may need to be controlled together. These 
multi-member heating strategies may be accomplished by 
separately heating each member or through the use of 
multi-conductor electrodes that heat select areas of the 
implant and heat transfer models of the implant to estimate 
the overall heating profile of each implant region. The 
controller using its model, lookup-table or feedback control 
of direct measurement of the implant temperature will allow 
the Surgeon to plan the fixation strategy so as to optimize the 
biomechanical construct for each unique bone fixation con 
dition. 

0021. The subject invention controls maximum force and 
rate of implant change through fine control of the total heat 
energy applied to the implant. The system can also control 
the extent of opening in the few musculoskeletal indications 
where bone transport occurs and there is little or no tissue 
force. Algorithms, numerical or graphical models, lookup 
table of settings or measurements of implant temperature 
and extent of shape change, combined with a current Source 
will give the Surgeon the control necessary to utilize memory 
alloy implants to their full potential for musculoskeletal 
reconstruction. 

0022. For the first time the subject invention provides 
force and shape change rate control through controlling the 
implant temperature so that it is within the temperature 
range in which the martensitic to austenitic transformation 
occurs for a given implant composition. Through controlling 
the extent of the materials transformation the subject inven 
tion is able to control the implants applied force, rate of 
closure, and extent of closure together or separately while 
maintaining the Surface temperature at a level that will not 
cause thermal necrosis of the Surrounding tissue. 
0023 This novel approach to controlling the implant for 
the first time allows the Surgeon to program a single implant 
to provide a range of forces or closing rates so as to meet the 
clinical requirements. This allows the Surgeon to adjust the 
implant once placed in the body to get the required muscu 
loskeletal effect. 

0024. Accordingly, several objects and advantages of this 
invention are herein described: 1) controls the rate of shape 
change of memory alloy devices, 2) controls the compres 
sion or distraction forces between bones, 3) provides control 
on the relative positions of bones and angular changes in 
multiple bone structures, 4) controls implant heating profiles 
through a lookup-table which contains at a minimum force, 
rate and implant model information and 5) controls implant 
heating profiles through measurement of the temperature of 
the staple and using this information in a feedback control 
loop set to a defined rate and force. These objects and 
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advantages are achieved in addition to the features of other 
inventions that limit the temperature of the implant to a level 
below that which will cause tissue death. Further objects and 
advantages of the Subject invention will become apparent 
from a consideration of the drawings and ensuing descrip 
tion. 

SUMMARY OF THE INVENTION 

0025 The subject invention is a system to control the 
Surgical heating of an implant formed from a memory metal 
So as to control its rate of shape change and the forces it 
exerts on Surrounding bone or in bone transport the extent of 
bone movement. These variables will be controlled while 
keeping the implant's Surface temperature clinically below 
the point of thermal necrosis of tissue. The invention con 
sists of an electrode and electrical console that contacts the 
implant at a plurality of locations and delivers to each 
location a selected amount of heat energy over a selected 
period of time. This allows the Surgeon to slowly close an 
implant or an implant element and optimize bone fixation 
and position. 
0026. The subject invention accounts for the variables 
associated with the shape changing heat response of the 
memory metal implant to heat energy Such as resistive heat 
(electrical current flow), conductive heat (contact heating 
element), inductive heat (such as electromagnetic or micro 
wave). The primary variables which cause a certain implant 
temperature and shape change response are: 1) magnitude of 
energy flow, 2) duration energy of flow, 3) mass of the 
implant, 4) shape of the implant, 5) initial state of the 
implant, 6) impedance of the implant, 7) thermal stability of 
the implant and 8) environment of the implant. The subject 
invention through a mathematical model, family of lookup 
tables or direct measurement of the temperature uses a 
current source and user defined inputs to controls the 
implant kinematics of shape change. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027) Further objects and advantages of this invention 
will become apparent from consideration of the drawings 
and ensuing description of the preferred embodiment. 
0028 FIG. 1 Memory metal implant temperature versus 
heating duration curve 
0029 FIG. 2 Implant tissue force versus implant tem 
perature curve 

0030 FIG. 3 Implant tissue force versus shape change 
period curve 
0031 FIG. 4 System diagram based on lookup table 
0032 FIG. 5 Lookup table example 
0033 FIG. 6 System diagram based on models, algo 
rithms and lookup tables 
0034 FIG. 7 Multi-element implant example 
0035 FIG. 8 Multi-element implant electrode example 
0036 FIG.9 Electrode handle and system circuit diagram 
for simple feedback and control system example 

LIST OF REFERENCE NUMERALS 

0037 100 Two second heating curve for martensitic to 
austinetic phase transformation 
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0038 110 Ten second heating curve for martensitic to 
austinetic phase transformation 

0.039 200 Austinetic transformation start temperature 
and inflection in force curve 

0040 210 Austinetic transformation end temperature 
0041) 220 Minimum tissue force seen at body tempera 
ture 

0.042 230 Maximum tissue force seen at body tempera 
ture 

0043) 300 Force versus time curve while heating 
0044) 400 Power supply with isolation transformer 
0045) 410 AC to DC power converter 
0046) 420 User set timer circuit 
0047 430 User set power circuit 
0048) 440 Current delivery electrode 
0049) 450 Circuit board 
0050 460 Electrode conductor to implant 
0051 470 Heating control button 
0.052 475 Implant-system continuity light 
0053 480 Implant-system heat energy light 
0054 485 Lookup table 
0055 490 Front control panel with time, power, on-off 
Switch, and indicator lights 

0056) 
0057) 
0058 
0059) 
0060) 
0061 
0062) 
0063 
0.064 
0065 
0.066 650 Microprocessor running model, algorithm or 
Sorting the lookup table 

0067 655 Circuit board 
0068 
0069 
0070) 
0071) 
0072 690 Implant-system continuity light and heat 
energy light combined 

495 Audible operational indicator 
500 Implant force and rate control lookup table 
510 Heating duration data 
520 Force level data 

530 Power level within cells of the lookup table 
600 Power supply with isolation transformer 
610 AC to DC power converter 
620 Timer circuit 

630 Front panel control with keyboard and monitor 
640 Look-up table, model, or algorithm 

660 Audible operational indicator 
670 Power circuit 

680 Electrode handle 

685 Electrode start button 

0073 695 Electrode conductor to implant 
0074) 700 Spinal plate 
0075 705 First length or angle shape-changing member 
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0076 710 Second length or angle shape-changing mem 
ber 

0077 720 First bone anchoring shape-changing member 
0078 730 Second bone anchoring shape-changing mem 
ber 

0079 740 Third bone anchoring shape-changing member 
0080) 750 Fourth bone anchoring shape-changing mem 
ber 

0081) 760 First electrode contact point for member 720 
0082 765 Second electrode contact point for member 
T20 

0083) 770 First electrode contact point for member 710 
0084) 775 Second electrode contact point for member 
T10 

0085 780 First electrode contact point for member 750 
0.086 785 Second electrode contact point for member 
T50 

0087 800 First electrode element for FIG.7 member 720 
0088 810 First electrode element for FIG.7 member 730 
0089 820 First electrode element for FIG.7 member 740 
0090 830 First electrode element for FIG.7 member 750 
0.091 840 Second electrode element for FIG. 7 member 
740 

0092. 850 Second electrode element for FIG. 7 member 
T30 

0093 860 Second electrode element for FIG. 7 member 
T20 

0094) 870 Second electrode element for FIG. 7 member 
T50 

0.095 880 Multi-electrode handle 
0096) 890 Electrode conductor bundle 
0097 895 Individual electrode conductors 
0.098 900 Power supply 
0099 910 User operated switch 
0100 920 Temperature cutout switch 
0101 930 Thermocouple temperature sensing transducer 
0102 940 Implant heating electrode with thermocouple 
0103) 950 Implant heating electrode 
0.104 960 Thermocouple leads to temperature cutout 
switch 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0105 The preferred embodiment of the invention con 
sists of an electronic control console that operates using a 
lookup table, algorithm or mathematical model to control 
the temperature of a memory alloy implant in Such a manner 
So as to control the extent of its transformation from a 
martensitic to austenitic microstructure. The rate of heat 
application controls the rate of implant shape change (FIG. 



US 2007/0265631 A1 

1). Rapid heating curves (100) and slow controlled heating 
curves (110) both can provide sufficient heat energy to fully 
convert the materials phase and shape. The magnitude of 
heat transferred controls the state-of-the-metal's phase 
change thus the force exerted on Surrounding tissue (FIG. 2). 
Force and temperature relationships exist for each shape 
changing element of an implant. In an implant restrained in 
bone the force exerted by the implant increases with tem 
perature. The tissue force begins at or near the austinetic 
start temperature A (200) and increases until the austinetic 
finish temperature A (210) as shown in the implant 
temperature versus force curve (FIG. 2). The force can be 
controlled from a minimum value of the force at body 
temperature F (220) before heating and at body tem 
perature after heating F (230). With these relationships 
for a given implant shape-changing member and power 
setting, a force versus time curve will exist (FIG. 3). 
Consequently, a force versus power curve will exist for any 
shape-changing member at a constant heating period. 
0106 The control of the heat energy to the implant is 
implemented using a device: having a power Supply with 
electrical patient isolation transformer (400), rectifying cir 
cuit to convert alternating to direct current (410), user 
controllable timing circuit (420), user controllable power 
circuit (430), a user operated current delivery electrode 
(440), circuit board (450), bipolar current delivery electrode 
(460), heating control button (470), implant-system conti 
nuity light (475), implant-system heat energy light (480), 
lookup table (485), front control panel with time, power, 
on-off switch, and indicator lights (490), and an audible 
operational indicator (495) (FIG. 4). The lookup table (485) 
could be in the form of an alphanumeric table, mathematical 
model, or algorithm. 
0107 The primary data from the surgeon consists of the 
1) the implant selected, 2) the period of which the implant 
should change shape, and 3) the percentage of the total force 
available in this style of implant to be applied to the 
Surrounding tissue. Each implant has a separate lookup table 
(500) (FIG. 5). This table can be within an operator's manual 
or embedded in the instrument. 

0108. The rate data, time for the implant to close, is used 
as row (510) or column (520) headings and the force is the 
alternate column heading. The Voltage setting to achieve the 
desired implant result is read from within the cells (530) of 
the table. 

OPERATION OF THE INVENTION 

0109. In the operation of the preferred embodiment, the 
Surgeon will select the implant to be used, maximum level 
of force for the implant to apply to the Surrounding tissue, 
and the amount of time that the implant should take to 
change shape. Other variables Such as ambient temperature 
of the implant, amount of bone movement expected, and 
extent of shape change when correcting bone angulation can 
also be input or listed in the lookup table (485). 
0110. Once the instrument is connected to a source of 
electricity so as to energize the power supply (400), the 
surgeon after review of the lookup table (485) sets the 
controls on the front panel of the instrument (490). After 
placing the implant into bone the Surgeon will bring the 
electrodes (460) into contact with the implant. The elec 
trodes (460) when touching the implant cause the continuity 
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light (475) to illuminate to show the surgeon that the force 
and rate control system is in optimal contact with the implant 
to deliver a user selected amount of heat energy over a user 
specified period of time. The Surgeon then applies heat 
energy to the implant by actuating the heating control button 
(470). As the heating current flows the continuity light (475) 
turns off and the heat energy light (480) illuminates during 
the user-selected period for heat energy delivery. The front 
panel (490) time control knob sets the timing circuit (420) so 
as to control the rate of heat energy delivery and shape 
change period. Audible current flow indicator (495) assists 
the Surgeon in the use of the system. The continuity light 
(475) and heatenergy light (480) are located on the electrode 
handle (440) so as to be in clear view of the surgeon when 
working in the operative site. The circuit board (450) holds 
the electrical conductors, user controlled power circuit (430) 
and the other components required to complete the system. 

0.111) If, as in most cases in bone fixation, the bony 
elements do not move in response to the force applied by the 
implant the force magnitude applied to tissue is as listed in 
the lookup table. If bone transport occurs then the force will 
be less than predicted. Under this condition the Surgeon can 
measure the amount of bone transport, input these data into 
the lookup table and correct to obtain the actual applied 
force. This allows the Surgeon to adjust the amount of 
displacement of bone as well as force exerted on bone during 
the implantation procedure. This provides fine control for 
the physician when stabilizing bone elements or fragments. 

0.112. Once the heating energy is delivered the energy 
light (480) turns off and the cycle is complete. The heating 
energy can be applied multiple times to the implant. In the 
condition of osteoporosis the Surgeon may sequentially 
increase the closing force of the implant through stepping 
the closing force up at 10% to 20% increments until the 
Surgeon receives operative clues that the maximum implant 
fixation force has been applied without causing fracture of 
the osteoporotic bone. The subject invention for the first 
time gives full control to the physician to provide a plurality 
of implant force and closing rate characteristics to each of 
plurality of implant designs. 

DESCRIPTION OF THE FIRST ALTERNATE 
EMBODIMENT 

0113. The first alternate embodiment of the invention is 
based on the same principals of the preferred embodiment 
which controls the conversion of the martensitic to austenitic 
phase transition of the implant material. This first alternate 
embodiment integrates elements such as but not limited to a 
lookup table, algorithms, heat transfer models of the 
implants (640) and predictive graphics model of the shape 
change of the implant and force applied to the tissue. These 
image and numeric data are displayed on the front panel 
(630) monitor and controlled using the front panel (630) 
keyboard to allow the surgeon to observe the theoretical 
effects of heating to the implant and adjust the heat energy 
to the implant to get the desired clinical effect. 
0114. In this embodiment the power supply (600), AC to 
DC converter (610), and circuit board (655) are configured 
to Support a microprocessor (650) and computer memory 
which contains model data, model algorithms, and lookup 
tables (640) to allow the modeling of the effects of heat 
energy application to the implant. This intelligent system 
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front panel (630) displays implant images, shape change 
data, and allows the model predictions of the rate and force 
of implant shape change to be compared to the operative 
observations. The timer relay (620) and power circuit (670) 
in this embodiment are microprocessor (650) controlled. An 
audible current flow indicator (660) and combined continu 
ity and heat energy light (690), in addition to the front panel 
(630) enhance surgeon feedback to the operation of the 
Subject invention in this embodiment. In this configuration 
the Surgeon will program the force and rate profile and then 
using the electrode handle (680) place the electrodes (695) 
on the point of the implant shown on the front panel (630) 
monitor to apply heat. Once the electrode (695) is in contact 
with the element of the implant the electrode start button 
(685) is pushed, the front panel (630) monitor then displays 
the theoretical effect on the implant and directs the surgeon 
to the next element of the implant for heat energy applica 
tion. 

OPERATION OF THE FIRST ALTERNATE 
EMBODIMENT OF THE INVENTION 

0115 This first alternate embodiment allows the surgeon 
to predict the changes to the implant and then observe the in 
vivo effects of the implant on bony elements. These features 
increase the feedback to the Surgeon, compensate for and 
controls heating of multiple elements of an implant and 
enhances the degree of force and rate control of the implant 
for the Surgeon. 

0116. In use the surgeon will select and display the 
implant on the front panel (630) monitor. Then the desired 
rate and tissue force will be input by the Surgeon, using the 
front panel (630) for each shape-changing element incorpo 
rated into the implant. Once set the front panel (630) monitor 
will guide the surgeon in using the electrode handle (680). 
The monitor will display the point of contact for the elec 
trode (695) and instruct the surgeon to actuate the electrode 
start button (685). The monitor will then display the theo 
retical shape change and tissue force and guide the Surgeon 
to place the electrode handle (680) on the next shape 
changing member of the implant. 

0117. As shown in the spinal plate of FIG. 7 multiple 
shape changing members may need to be controlled. Mem 
bers that lock into bone (720, 730, 740, and 750) or shrink 
to shorten the implant (705 and 710) can be selectively 
controlled. In FIG. 7 member 720 can be affected by 
applying current to circular points 760 and 765. Member 750 
can be affected by applying heat energy to points 780 and 
785. And length shortening or angle changing member 710 
can be affected by applying heating energy across “X” 
marked points 770 and 775. A single bipolar electrode can 
be used at multiple locations to close each shape-changing 
member one at a time. Alternatively a multi-electrode handle 
FIG. 8 can be placed on the implant and the subject 
invention can then heat each implant shape changing ele 
ment (FIG. 7) in the selected sequence. In this manner 
electrode handle 880 can heat the shape-changing member 
720 by having the electrode handle apply current to elec 
trode points 830 and 870. Or member 705 of FIG. 7 can be 
shortened or lengthened by applying heat energy with the 
handle (880) and electrodes 840 and 850. 
0118. During the process the surgeon can adjust the force 
applied to the tissue, correct for bone transport that may 
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make the force estimate inaccurate and then instruct the 
Surgeon when the implant is in its final configuration. 

DESCRIPTION OF THE SECOND ALTERNATE 
EMBODIMENT 

0119). In the second alternate embodiment the implant 
heating model and lookup table are replaced with a mea 
Surement of the implant temperature. This temperature mea 
Surement is taken from the Surface of the implant. 
Temperature measurement devices include but are not lim 
ited to thermocouples and thermal imaging. Other feedback 
mechanisms such as strain gauges that measure the shape 
change of the implant can be used for feedback control. 
These measured data are input to the model or a switch that 
stops current flow to the implant. 
0.120. The system diagram of FIG. 6 now takes data from 
the heat sensing transducers to input into the algorithm and 
implant models (640) so that the microprocessor (650) can 
correlate force and rate data with temperature and accurately 
control the implants shape change. This method accounts 
for the environmental temperature issues associated with a 
cold operating room and a warm patient. 
0121 The FIG.9 system diagram illustrates the tempera 
ture feedback embodiment of the invention. Here the power 
supply (900) is connected to the user-actuated electrode start 
button (910) which provides power to a current cutout 
switch (920) that receives input from the thermocouple 
(930), located on the electrode (940), through the thermo 
couple wires (960). The electrode (950) could hold an 
additional thermocouple for product redundancy and addi 
tional points of temperature measurement. 

OPERATION OF THE SECOND ALTERNATE 
EMBODIMENT OF THE INVENTION 

0122) In this embodiment the amount of power set on the 
power supply (900) will control the rate of heating and the 
setting for the cutout switch (920) is related to the force. In 
the simple configuration of FIG. 9 a lookup table is used to 
set the power level and the cutout parameters. 
0123. In use the surgeon selects these two parameters and 
the system automatically cuts out at the implant temperature 
corresponding to a specific tissue force. 

CONCLUSIONS, RAMIFICATIONS AND SCOPE 
OF THE INVENTION 

0.124. The reader will see that the system and method 
described in the specifications to control the rate, displace 
ment and force of a shape changing implant provides an 
important modality for the Surgeon in the treatment of 
skeletal injury and disease. 
0.125 While the above description is specific this should 
not be construed as limitations of the scope of the invention, 
but rather as an example of a plurality of possible embodi 
ments which exhibit the characteristics of controlling 
implants formed from shape memory material. Thus any 
system that individually or in concert controls the rate, 
displacement and force exerted on tissue by a shape memory 
material implant is within the scope and spirit of this 
invention. 

0.126. Accordingly, the scope of the invention should be 
determined not by the embodiments illustrated, but by the 
appended claims and their legal equivalents. 
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1-8. (canceled) 
9: An implant, comprising: 

a first bone locking member comprised of shape memory 
material, whereby the first bone locking member 
secures the implant to a first bone; 

a second bone locking member comprised of shape 
memory material, whereby the second bone locking 
member secures the implant to a second bone; and 

a first member comprised of shape memory material, the 
first member coupled at a first end with the first bone 
locking member and at a second end with the second 
bone locking member, whereby, upon application of 
energy, the first member moves such that the angular 
relationship of the first bone changes relative to the 
second bone. 

10: The implant according to claim 9, whereby, upon 
application of energy, the first bone locking member moves 
to secure the implant to the first bone. 

11: The implant according to claim 9, whereby, upon 
application of energy, the second bone locking member 
moves to secure the implant to the second bone. 

12: The implant according to claim 9, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a plane Substantially horizontal to the 
first member. 

13: The implant according to claim 9, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a plane Substantially vertical to the first 
member. 

14: The implant according to claim 9, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a plane horizontal to the member and 
along a plane vertical to the first member. 

15: The implant according to claim 9, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a common axis Such that the first bone 
rotates relative to the second bone. 

16: The implant according to claim 9, whereby, upon 
application of energy, the first member moves such that the 
distance between the first bone and the second bone shortens 
or lengthens. 

17: The implant according to claim 16, whereby, upon 
application of energy, the first bone locking member moves 
to secure the implant to the first bone. 

18: The implant according to claim 16, whereby, upon 
application of energy, the second bone locking member 
moves to secure the implant to the second bone. 

19: The implant according to claim 9, further comprising: 

a third bone locking member comprised of shape memory 
material, whereby the third bone locking member 
secures the implant to the first bone; 

a fourth bone locking member comprised of shape 
memory material, whereby the fourth bone locking 
member secures the implant to the second bone; and 

a second member comprised of shape memory material, 
the second member coupled at a first end with the first 
member and the third bone locking member and at a 
second end with first member and the fourth bone 
locking member, whereby, upon application of energy, 
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the second member moves Such that the angular rela 
tionship of the first bone changes relative to the second 
bone. 

20: The implant according to claim 19, whereby, upon 
application of energy, the third bone locking member moves 
to secure the implant to the first bone. 

21: The implant according to claim 19, whereby, upon 
application of energy, the fourth bone locking member 
moves to secure the implant to the first bone. 

22: The implant according to claim 19, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a plane Substantially horizontal to the 
second member. 

23: The implant according to claim 19, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a plane Substantially vertical to the 
second member. 

24: The implant according to claim 19, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a plane horizontal to the member and 
along a plane vertical to the second member. 

25: The implant according to claim 19, whereby the 
angular relationship of the first bone relative to the second 
bone changes along a common axis Such that the first bone 
rotates relative to the second bone. 

26: The implant according to claim 19, whereby, upon 
application of energy, the second member moves such that 
the distance between the first bone and the second bone 
shortens or lengthens. 

27: The implant according to claim 26, whereby, upon 
application of energy, the third bone locking member moves 
to secure the implant to the first bone. 

28: The implant according to claim 26, whereby, upon 
application of energy, the fourth bone locking member 
moves to secure the implant to the second bone. 

29: A method of reorienting a first bone relative to a 
second bone, comprising: 

securing an implant to the first bone and to the second 
bone; and 

applying energy to the implant, whereby the implant 
moves Such that the angular relationship of the first 
bone changes relative to the second bone. 

30: The method of reorienting a first bone relative to a 
second bone according to claim 29, wherein securing the 
implant comprises: 

inserting a first bone locking member comprised of shape 
memory material into the first bone; and 

inserting a second bone locking member comprised of 
shape memory material into the second bone. 

31: The method of reorienting a first bone relative to a 
second bone according to claim 30, wherein applying energy 
to the implant comprises applying energy to a first member 
comprised of shape memory material, whereby the first 
member is coupled at a first end with the first bone locking 
member and at a second end with the second bone locking 
member, further whereby the first member moves such that 
the angular relationship of the first bone changes relative to 
the second bone. 

32: The method of reorienting a first bone relative to a 
second bone according to claim 30, wherein applying energy 
to the implant comprises applying energy to the first bone 
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locking member, whereby the first bone locking member 
moves to secure the implant to the first bone. 

33: The method of reorienting a first bone relative to a 
second bone according to claim 30, wherein applying energy 
to the implant comprises applying energy to the second bone 
locking member, whereby the second bone locking member 
moves to secure the implant to the second bone. 

34: The method of reorienting a first bone relative to a 
second bone according to claim 29, whereby, in applying 
energy to the implant, the angular relationship of the first 
bone relative to the second bone changes along a plane 
substantially horizontal to the implant. 

35: The method of reorienting a first bone relative to a 
second bone according to claim 29, whereby, in applying 
energy to the implant, the angular relationship of the first 
bone relative to the second bone changes along a plane 
substantially vertical to the implant. 

36: The method of reorienting a first bone relative to a 
second bone according to claim 29, whereby, in applying 
energy to the implant, the angular relationship of the first 
bone relative to the second bone changes along a plane 
horizontal to the implant and along a plane vertical to the 
implant. 

37: The method of reorienting a first bone relative to a 
second bone according to claim 29, whereby, in applying 
energy to the implant, the angular relationship of the first 
bone relative to the second bone changes along a common 
axis such that the first bone rotates relative to the second 
bone. 

38: The method of reorienting a first bone relative to a 
second bone according to claim 30, wherein applying energy 
to the implant comprises applying energy to the first member 
whereby, upon application of energy, the first member 
moves such that the distance between the first bone and the 
second bone shortens. 

39: The method of reorienting a first bone relative to a 
second bone according to claim 31, wherein securing the 
implant comprises: 

inserting a third bone locking member comprised of shape 
memory material into the first bone; and 

inserting a fourth bone locking member comprised of 
shape memory material into the second bone. 

40: The method of reorienting a first bone relative to a 
second bone according to claim 39, wherein applying energy 
to the implant comprises applying energy to a second 
member comprised of shape memory material, whereby the 
second member is coupled at a first end with the first 
member and the third bone locking member and at a second 
end with the first member and the fourth bone locking 
member, further whereby the second member moves such 
that the angular relationship of the first bone changes 
relative to the second bone. 

41: The method of reorienting a first bone relative to a 
second bone according to claim 39, wherein applying energy 
to the implant comprises applying energy to the third bone 
locking member, whereby the third bone locking member 
moves to secure the implant to the first bone. 

42: The method of reorienting a first bone relative to a 
second bone according to claim 39, wherein applying energy 
to the implant comprises applying energy to the fourth bone 
locking member, whereby the fourth bone locking member 
moves to secure the implant to the second bone. 
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43: The method of reorienting a first bone relative to a 
second bone according to claim 40, wherein applying energy 
to the implant comprises applying energy to the second 
member whereby, upon application of energy, the second 
member moves such that the distance between the first bone 
and the second bone shortens. 

44: An implant comprising a memory material having a 
shape changing transition temperature range that is designed 
to be controlled with an energy delivery device that creates 
heat in the implant causing a controlled change in shape. 

45: The implant according to claim 44, wherein the 
implant has a plurality of shape changing members that can 
be controlled independently or in a coordinated manner. 

46: The implant according to claim 44, wherein the 
implant is configured to be heated to varying degrees within 
the transition temperature range of the memory material So 
as to effect different shape changing members to cause 
varying degrees of shape change of those members. 

47: A method of controlling the shape change of an 
implant, comprising: 

imparting to the implant a temperature range in which it 
will change shape; and 

providing energy to the implant so as to cause the implant 
to reach a temperature over the temperature range in 
which the implant changes shape. 

48: The method of controlling the shape change of an 
implant according to claim 47, wherein the energy used to 
change the implant temperature is electrical current. 

49: The method of controlling the shape change of an 
implant according to claim 47, wherein the energy used to 
change the implant temperature is inductive. 

50: The method of controlling the shape change of an 
implant according to claim 47, wherein the energy used to 
change the implant temperature is conducted heat. 

51: An implant having multiple shape changing members 
where each member requires one of a plurality of different 
extents of heat energy delivered to that member thus requir 
ing multiple locations on the implant to be heated system 
atically so as to provide for coordinate movement of the 
multiple shape changing members. 

52: An implant, comprising: 

a shape memory material in a stress induced martensitic 
state having: 
a first bone locking member comprised of shape 
memory material, whereby the first bone locking 
member secures the implant to a first bone, 

a second bone locking member comprised of shape 
memory material, whereby the second bone locking 
member secures the implant to a second bone, and 

a first member comprised of shape memory material 
having a hole, the first member moveably coupled at 
a first end with the first bone locking member and at 
a second end with the second bone locking member, 
whereby, upon application of energy to heat the 
implant, the first member moves through the change 
in shape of the hole such that the distance between 
the bone locking member changes. 
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