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TOOL AND METHOD FOR EXTERNAL FIXATION STRUT ADJUSTMENT

TECHNICAL FIELD

[0001] The present application relates in general to the field of external fixation, and more

specifically, to tools used for the adjustment of external fixator connection strut or other

connection rods.

BACKGROUND

[0002] Without limiting the scope of the disclosure, its background is described in connection

with external fixation devices and specifically tools used for the adjustment of external fixator

struts or other connection rods.

[0003] Generally, external fixation devices are commonly used in a variety of surgical

procedures including limb lengthening and deformity correction. The process involves a rigid

framework comprising several rings that are placed externally around the limb and attached to

bone segments using wires and half pins inserted into the bone segments and connected to the

related sections of the external rigid framework. The opposite rings of the rigid framework are

interconnected by either threaded or telescopic rods directly or in conjunction with uni-planar or

multi-planar hinges, which allow the surgeon to adjust position of the rings relative to each other

longitudinally, rotationally, horizontally or angularly over a period of time.

[0004] For example, in limb lengthening, the bone is surgically divided into two segments and

wires and half pins are inserted into bone segments above and below the surgical bone cut and

attached to rings of a rigid framework interconnected by struts or threaded and telescopic

connection rods. The rigid framework is used to gradually push the two bone segments apart

longitudinally over a period of time (e.g., one millimeter a day). This allows the bone to

gradually form in the gap between bone segments created by this distraction technique. Once the

desired amount of lengthening is achieved (e.g., 5-6 cm), the external apparatus is stabilized into

a fixed position and left on the bone segments until complete mineralization of the newly formed

bone (e.g., 3-6 months, depending on the nature of pathology and amount of lengthening).



[0005] Similarly, in deformity correction, the bone is surgically divided into two segments

(usually at the apex of the deformity) and wires and half pins are inserted into bone segments

above and below the surgical bone cut and attached to rings of a rigid framework. Opposite

rings of the rigid framework are connected together by threaded rods with attached uni-planar or

multi-planar hinges that are used to gradually push the two bone segments apart angularly over a

period of time.

[0006] One common fixation device is a circular metal structure known as the Ilizarov

Apparatus. The Ilizarov apparatus, when used for limb lengthening or deformity correction,

consists of several rings or arches that are placed externally around the limb and attached to

surgically separated bone segments using wires and half pins. For limb lengthening, the opposite

rings are interconnected directly by three or four threaded or telescopic rods that are regularly

adjusted in length and allowed for gradual separation of bone segments longitudinally. For

angular deformity correction, the opposite rings of the Ilizarov apparatus are connected by a pair

of hinges that provide an axis of rotation for bone segments and one angular distractor that

gradually pushes two rings and associated bone segments apart.

[0007] Another common external fixation device is the Taylor Spatial Frame, which is a

hexapod type of the external fixation device based on a Stewart platform but shares many

components and features of the Ilizarov apparatus. The Taylor Spatial Frame consists of two

external fixation rings attached to bone segments by wires and half pins and connected together

by 6 telescopic struts with multi-planar hinges located at both ends of the strut. Each strut may

be lengthened or shortened as necessary to either pull two interconnected ring segments towards

each other or push them apart. Adjustment of strut length allows manipulating with bone

segments acutely or gradually in 6 axes (e.g., lengthening/shortening external/internal rotation,

anterior/posterior horizontal translation, medial/lateral horizontal translation, anterior/posterior

angular translation, and medial/lateral angular translation) to perform limb lengthening and

correct angular, translational and rotational deformities simultaneously.

[0008] An amount of an external fixator strut or connection rod length adjustment depends on

the amount of bone segment separation to produce a reliable distraction regenerate. Generally,

for limb lengthening and deformity correction the optimal daily amount of bone segment



separation was determined as 1 mm divided into at least 4 increments per day. Therefore in

cases with limb lengthening using 3-4 parallel threaded or telescopic rods or deformity

correction using one threaded or telescopic rod (e.g., Ilizarov apparatus), the length of each rod is

adjusted 1/4 of a millimeter four times a day producing a total length increase of 1 mm per day.

It has also been suggested that smaller movements using a high frequency rate of distraction (e.g.,

a rate of distraction of from 1/60 to 1/1440 of a millimeter 60 to 1440 times a day) prevents soft

tissue damage and produces even better results.

[0009] In cases with limb lengthening and deformity correction using six struts (e.g., Taylor

Spatial Frame), the amount of daily strut length adjustment is calculated by special software.

Once the apparatus is attached to the bone segments, numerous parameters such as rings

diameter, initial strut length, strut location and so forth are entered into the software to

characterize one ring position relative to another ring and position of bone segments relative to

each other and to the rings. After calculation of the total amount of each strut length adjustment,

the software provides a tabled instruction ("prescription") on the amount of each strut length

adjustment that should be achieved per each increment including strut number, the exact amount

of adjustment necessary and the time to make the adjustment. In most of the cases with

deformity correction, the struts are adjusted in different directions (shortening/lengthening) and

in the different amounts.

[0010] External fixator strut (or other connection threaded or telescopic rod) length adjustments

are usually made by the patient (parents) either by turning the adjustment knob of the struts or

telescopic rods manually or by turning the nuts of the threaded rods with a regular (e.g., open

end) wrench. This way of strut length adjustment is time consuming (e.g., due to loosening and

retightening of the threaded rod nuts before and after each adjustment), does not provide precise

length adjustment (e.g., due to difficulty to monitor small amounts of adjustments) and creates

overall frame instability during adjustments (e.g., due to dimensional clearance between

connection elements). Furthermore, the prescription for length adjustments can be complicated,

and human errors are prone to occur during the course of a complicated prescription.

Additionally, existing adjustment processes do not include any feedback to the doctors or patient

to confirm the desired adjustments have been properly and accurately made.



SUMMARY

[0011] As a consequence of the foregoing, a longstanding need exists among users for a method

and apparatus that more precisely controls the incremental adjustment in length of the external

fixator struts or other connection rods.

[0012] The present application describes a method and a programmable tool for incrementally

adjusting the length of the external fixator strut or other connection rod of an external fixation

device. The tool has a housing, a strut identifier, a microcontroller with an internal memory, a

control board, a power source, a motor, a gear box and a rotating shaft and is adapted to engage

the adjustment mechanism of the external fixator strut and rotate the adjustment mechanism the

preprogrammed direction and amount of turns to adjust the position of the threaded elongated

member relative to the adjustment mechanism of the external fixator strut and thereby

automatically adjust the overall end-to-end length of the external fixator strut the prescribed

amount.

[0013] The present application describes a programmable tool for adjusting an external fixation

strut. The programmable tool includes a power supply disposed in the housing, a data port

disposed at least partially within the housing, and a signal-sensor disposed at least partially

within the housing for receiving a signal from an external source. A motor is disposed within the

housing and a gear box positioned between an output shaft and the motor with a strut fitting is

adapted to fit an external fixation strut in operable communication with the output shaft motor

for adjusting the external fixation strut. A controller is in electrical communication with the data

port, the signal-sensor, the power supply and the motor. Also described is a memory unit in

electrical communication with the controller to store one or more strut adjustment parameters, a

display in electrical communication with the controller and a control panel in electrical

communication with the controller to control one or more operations of the programmable tool.

[0014] The present application also describes a programmable tool for adjusting an external

fixation strut having a data port disposed at least partially within the housing, a signal-sensor

disposed at least partially within the housing for receiving a signal from an external source, a

power supply, a motor disposed within the housing, an output shaft comprising a strut fitting in

operable communication with the motor, wherein the strut fitting is adapted to fit an external



fixation strut and a controller in electrical communication with the data port, the signal-sensor,

the power supply and the motor.

[0015] Described in the present disclosure also includes a method for adjusting the orientation

of a first external support member relative to a second external support member, in which a

plurality of adjustable struts connect the first and second external support members. The

plurality of struts include a first adjustable strut having an initial length, and the method includes

providing a programmable tool, the programmable tool comprising a controller in electrical

communication with a memory unit and an actuator. The actuator is operable to engage the

plurality of adjustable struts and adjust the length of the plurality of adjustable struts. The

method further includes storing, in the memory unit, instructions for adjusting the length of each

of the plurality of adjustable struts to a desired length. The method further includes receiving

identification information corresponding to the first adjustable strut, and retrieving, from the

memory unit, the instructions for adjusting the length of the first adjustable strut based on the

identification information corresponding to the first adjustable strut. Finally, the disclosed

method includes activating the actuator to adjust the length of the first adjustable strut according

to the retrieved instructions.

[0016] In some embodiment, the programmable tool further include a measuring device for

measuring the length of the plurality of adjustable struts, and the method further comprises

determining the length of the first adjustable strut prior to and after adjusting the length of the

first adjustable strut; and confirming that the first strut has the desired length. In an exemplary,

the measuring device is a digital rule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a more complete understanding of the features and advantages of the present

disclosure, reference is now made to the detailed description of the disclosure along with the

accompanying figures and in which:

FIGURE 1 is a perspective view of one embodiment of a programmable tool for external

fixator strut length adjustment.



FIGURE 2 is a cross sectional view of one embodiment of a programmable tool for

external fixator strut length adjustment.

FIGURE 3 is a perspective view of one embodiment of a programmable tool for external

fixator strut length adjustment.

FIGURE 4 is a perspective view of one embodiment of a strut number identifier of a

programmable tool for external fixator strut length adjustment.

FIGURE 5 is a perspective view of one embodiment of a strut number identifier of a

programmable tool for external fixator strut length adjustment.

FIGURE 6 is a perspective view of one embodiment of a strut number identifier of a

programmable tool for external fixator strut length adjustment.

FIGURE 7 is a perspective view of one embodiment of a strut rotation encoder of a

programmable tool for external fixator strut length adjustment.

FIGURE 8 is a perspective view of one embodiment of a digital ruler (A) of a

programmable tool for external fixator strut length adjustment and a method of strut length

measurement using a digital ruler (B).

FIGURE 9 is a schematic block diagram of one embodiment of a method of adjusting an

external fixation strut.

DETAILED DESCRIPTION

[0018] While the making and using of various embodiments of the present disclosure are

discussed in detail below, it should be appreciated that the present application provides many

applicable inventive concepts that can be embodied in a wide variety of specific contexts. The

specific embodiments discussed herein are merely illustrative of specific ways to make and use

the disclosure and do not delimit the scope of the disclosure.

[0019] FIGURE 1 is a perspective view of one embodiment of a programmable tool for external

fixator strut length adjustment. The programmable tool 10 includes a housing having a front 14



and a back (not shown). The shape of the housing 12 may be in any shape and size convenient

for use. For example, the housing 12 may be cylindrical in shape, square in shape, ergonomic in

shape etc. and may be of a size convenient for use by children or adults. In addition, the housing

may be ergonomically shaped or shaped and sized for use by the elderly, handicapped or

disabled.

[0020] The housing may have a variety of connections ports, connectors, displays and controls.

For example in one embodiment the housing 12 has a power connection 16a and 16b to provide a

source of external power to recharge the batteries (not shown) used to provide power to the

programmable tool 10. The power connection 16a and 16b may be positioned to fit into a

docking station (not shown) when not in use. Although the power connection 16a and 16b are

shown located on the sides of the housing 12, the skilled artisan will recognize that the power

connection 16a and 16b may be located on the same side bottom or numerous combinations

thereof without affecting the function of the programmable tool 10. Alternatively, the power

connection 16a and 16b may be in the form of a female connection (not shown) or a male

connection (not shown) to allow the power source to be plugged into the housing. Still other

embodiments may include battery packs that may be positioned in the housing 12 so that they

may be easily removed, recharged and replaced. Alternatively, the batteries may be disposable

and replaced as necessary. The programmable tool 10 may also have an internal battery and/or

memory storage device to retain information in memory in case of a loss in power. Generally,

the power source can be a battery, a solar panel, a layer of piezoelectric film or any type of

energy harvesting technology. The power source can also be a combination of a battery along

with one of the voltage generators connected to a power controller to manage power

consumption and storage in the battery.

[0021] The housing 12 also has one or more data ports 18 that allow communication between the

programmable tool 10 and an external source, e.g., computer, etc. The one or more

communication or data ports 18 are connected to the internal circuitry (not shown) of the

programmable tool 10. Generally, the one or more data ports 18 are in communication with the

controller. The present application comprises a microcontroller, processor, microprocessor or

analog circuit or logic circuit, an external sensor, a sensor reader, a transmitter, a receiver, output

interface, a battery, a motor, a gearbox, a data storage, a memory, a communication device/port,



a data port, or other components. In addition, the microprocessor determines whether one or

more operational parameters are within one or more guidelines, the specific strut, the specific

length of the strut, the specific location of the strut and determines the output necessary given the

specific treatment regiment. The processor or analog circuit can receive instructions and/or relay

information to and from medical service providers via the communications port. The processor

or analog circuit can direct output to the motor and/or the display as necessary.

[0022] The one or more data ports 18 may be in the form of a USB port, mini port, micro port

RS232 port, telephone connection port, Ethernet port, CAT 5 connection port, or other port

known to the skilled artisan to allow transfer of information and data in a uni-, bi- or multi

directional manner. Although, the one or more data ports 18 are shown in the form of a physical

connection, the skilled artisan will immediately recognize that other forms of communication are

acceptable. For example, the one or more data ports 18 may be in the form of an internal modem,

cellular modem, Wi-Fi module, Bluetooth module, IR module, RF module, RFID module and

other methods known to the skilled artisan to allow transfer of information and data in a uni-, bi-

or multi-directional manner.

[0023] The housing 12 includes a display 20 which may display various types of information.

For example, the display 20 may be in the form of a visual display (e.g., LCD, LEDs, Arrays of

LEDs, or other visual display known to those skilled in the art), a speaker, a multi-tone generator,

a communications interface or a combination thereof. The visual display can be a set of light

emitting diodes that provide a feedback to the user, a status of the strut, other relevant

information or a combination thereof.

[0024] The housing 12 also includes a control board 22 that has various controls to allow the

user to operate various functions of the device. For example, the control board 22 may include

selectors for the specific struts, buttons to set the time, date, etc. and other selectors that allow

programming or operation of various functions in conjunction with the display 20. The control

board 22 may also include an on/off switch 24 that may be used to operate the programmable

tool 10.

[0025] A strut sensor 26 is incorporated into the housing 12 to allow the automatic recognition

of the specific strut to be adjusted. In some embodiments, each strut includes a device for



providing a signal that embodies an unique identification code. The strut senor either wirelessly

or electrically communicates with the signal emitting device to receive the unique identification

code. The unique identification code allows the programmable tool 10 to recognize and identify

the strut, and may be in various forms described in the present disclosure or known in the art. For

example, the strut sensor 26 may be an RFID sensor that receives a unique radiofrequency

identification code from the strut to identify the strut on the external fixation device. In some

embodiments where multiple external fixation devices are used (either on a single individual or

multiple individuals), the strut sensor 26 may identify the individual and each specific strut on

the external fixation device. As such, the use of an unique identification code allows the use of a

single programmable tool 10 with numerous individuals and/or numerous external fixation

devices.

[0026] The housing 12 has a rotating shaft 28 that extends from the housing 12 and terminates in

a strut fitting 30 that allows the connection of the programmable tool 10 to the external fixation

strut. The rotating shaft 28 may be enclosed in a separate covering leaving only the strut fitting

30 exposed and accessible, while protecting the actual rotating shaft 28.

[0027] FIGURE 2 is a cross sectional view of one embodiment of a programmable tool for

external fixator strut length adjustment. The housing 12 may be sized to fit a variety of

individual modules. For example, the housing may include a data port 18 accessible from the

exterior of the programmable tool 10 and in communication with a data module 32. In some

embodiments, the data module 32 stores instructions for adjusting the struts. For example, a

prescription table may be received and stored in the data module 32 for later retrieval. The data

module 32 is in communication with a microcontroller 34 that includes numerous functions and

components. The microcontroller module 34 includes an input/output (not shown) connection

internal memory (not shown) or a connection to external memory (not shown), a CPU, a

memory/data storage unit (not shown) and so forth. The data storage can be used to store the one

or more parameters, the feedback, a status, diagnostic information or a combination thereof. The

data storage can be a REID tag, a magnetic strip, a memory or a combination thereof. A power

source 36 is contained within the housing 12 to provide an internal source of power to drive the

internal components and various modules. The power source 36 may be an internal battery,

replaceable battery, rechargeable battery, generator, chemical cell or other source known to the



skilled artisan. Alternatively, the power source 36 may be directly connected to an external

power source e.g., 12v source, electrical outlet, USB port, computer battery or other source of

electrical power.

[0028] A motor module 38 is also contained within the housing 12 and in communication with

the various modules. The motor 38 includes an output shaft 40 for transferring the energy to one

or more sets of gears (not shown) located in gear box 42. The gear box 42 also includes an

output shaft that is ultimately used to drive the rotating shaft 28 and strut fitting 30. A rotational

shaft encoder 46 and a strut identifier module 48 may be located between the motor module 38

and the strut fitting 30. The rotational shaft encoder 46 collects data relating to the rotation of

the rotating shaft 28 or various output shafts (not shown). In addition, the programmable tool

may include an integral torque sensor and limiter which measures the amount of torque and

limits the torque that can be transmitted by the motor module 38 to the rotating shaft 28 in

known fashion, e.g. by switching off the motor module 38 in the case of an electric motor

module 38 or in a similar manner. Alternatively the gear box 42 or the motor module 38 may

include a clutch mechanism to limit the torque supplied to the rotating shaft 28.

[0029] FIGURE 3 is a perspective view of one embodiment of a programmable tool for external

fixator strut length adjustment. In operation, the programmable tool 10 is used to adjust an

external fixation device 50. The external fixation device 50 includes numerous struts 52

separating a first 54 and a second 56 fixation rings. For simplicity, a portion of the external

fixation device 50 including a portion of the first 54 and second 56 fixation rings separated by a

single strut 52 is shown. The strut 52 includes a strut adjustment mechanism 58 adapted to fit

the strut fitting 30 of the programmable tool 10. The programmable tool 10 includes a housing

12 having a front 14 and a back (not shown). The shape of the housing 12 may be in any shape

and size convenient for use. The housing 12 also has one or more data ports 18 that allow

communication from the programmable tool 10 and an external source, e.g., computer, etc. The

one or more data ports 18 are connected to the internal circuitry (not shown) of the

programmable tool 10. For example, in one embodiment the housing 12 has a power connection

16a and 16b to provide a source of external power to recharge the batteries (not shown) used to

operate the programmable tool 10. The housing 12 also includes a control board 22 that has

various controls to allow the user to operate various functions of the device. For example, the



control board 22 may include selectors for the specific struts, buttons to set the time, date, etc.

and other selectors that allow programming or operation of various functions in conjunction with

the display 20.

[0030] In operation, the strut adjustment mechanism 58 of the strut 52 is adapted to fit the strut

fitting 30 of the programmable tool 10. The strut sensor 26 identifies each individual specific

strut 52 on the external fixation device and the programmable tool 10 then adjusts that strut 52 to

the specific length prescribed by the treatment protocol. The procedure is repeated for each strut

52 of the external fixation device 50. In some embodiments, after making the length adjustments,

the programmable tool 10 updates the adjustment instructions stored in a memory unit in the

microcontroller 34 (shown in FIGURE 2) with relevant information, such as the length of the

strut after an adjustment, the amount of adjustment, or the number of times adjustments have

been made.

[0031] FIGURE 4 is a perspective view of one embodiment of a strut number identifier of a

programmable tool for external fixator strut length adjustment. In operation, the programmable

tool 10 is used to adjust a strut 52 separating a first (not shown) and a second (not shown)

fixation rings. The strut 52 includes a strut adjustment mechanism 58 adapted to fit the strut

fitting 30 of the programmable tool 10. The programmable tool 10 includes a housing 12 having

a front and a back (not shown). The shape of the housing 12 may be in any shape and size

convenient for use. The strut adjustment mechanism 58 includes an indention 60 that is adapted

to fit the strut fitting 30 to provide secure connection between the strut 52 and the programmable

tool 10. Each of the specific strut 52 includes a strut specific RF transmitter 62 that contains the

necessary information for the specific strut 52. The programmable tool 10 includes a RF sensor

64 that receives the information from the RF transmitter 62 to identify the specific strut 52. The

RF sensor 64 is in communication with the microcontroller module (not shown) and is used to

automatically adjust the length of the strut 52.

[0032] FIGURE 5 is a perspective view of another embodiment of a strut number identifier of a

programmable tool for external fixator strut length adjustment. In this embodiment, the

programmable tool 10 is used to adjust a strut 52 separating a first (not shown) and a second (not

shown) fixation rings. The strut 52 includes a strut adjustment mechanism 58 adapted to fit the



strut fitting 30 of the programmable tool 10. The strut adjustment mechanism 58 includes an

indention 60 that is adapted to fit the strut fitting 30 to provide secure connection between the

strut 52 and the programmable tool 10. Each of the specific struts 52 includes a strut specific bar

code 66 that contains the identification information for the specific strut 52. The programmable

tool 10 includes a housing 12 having a front and a back (not shown). The shape of the housing

12 may be in any shape and size convenient for use. The programmable tool 10 includes a bar

code reader 68 that reads the information from the bar code 66 to identify the specific strut 52.

The bar code reader 68 is in communication with the microcontroller module (not shown) and is

used to automatically adjust the length of the strut 52.

[0033] FIGURE 6 is a perspective view of another embodiment of a strut number identifier of a

programmable tool for external fixator strut length adjustment. In this embodiment, the

programmable tool 10 is used to adjust a strut 52 separating a first (not shown) and a second (not

shown) fixation rings. The strut 52 includes a strut adjustment mechanism 58 adapted to fit the

strut fitting 30 of the programmable tool 10. The strut adjustment mechanism 58 includes an

indention 60 that is adapted to fit the strut fitting 30 to provide secure connection between the

strut 52 and the programmable tool 10. The strut 52 also includes an strut identification device

70 for storing and providing strut identification information. The indention 60 is adapted to

include a first electrical contact 72 and/or a second electrical contact 74 connected to the strut

identification device 70. The first and second contacts 72 and 74 engage corresponding

electrical contacts 76 and 78 of the programmable tool 10, respectively. The programmable tool

10 includes the first electrical contact 76 and the second contact 78 for receiving/reading a signal

from the strut identification device 70 via the first and second contact 72 and 74. The

programmable tool 10 is in communication with the microcontroller module (not shown) and is

used to automatically adjust the length of the strut 52.

[0034] FIGURE 7 is a perspective view of another embodiment of a strut rotation encoder of a

programmable tool for external fixator strut length adjustment. In this embodiment, the

programmable tool 10 is used to adjust a strut 52 separating a first (not shown) and a second (not

shown) fixation rings. The strut 52 includes a strut adjustment mechanism 58 adapted to fit the

strut fitting 30 of the programmable tool 10. The strut adjustment mechanism 58 includes an

indention 60 that is adapted to fit the strut fitting 30 to provide secure connection between the



strut 52 and the programmable tool 10. The strut adjustment mechanism 58 includes a magnetic

ring 80 about the indention 60 and the strut fitting 30 of the programmable tool 10. The

programmable tool 10 includes a housing 12 having a front and a back (not shown). The shape

of the housing 12 may be in any shape and size convenient for use. The programmable tool 10

includes a magnetic feedback sensor 82, which allows monitoring of the number of turns made

by the strut adjustment mechanism 58. Since the number of turns can be correlated to the amount

of length adjustment, corresponding change in length of the strut 52 can be determined.

[0035] FIGURE 8 is a perspective view of one embodiment of a digital ruler (A) of a

programmable tool for external fixator strut length adjustment and a method of strut length

measurement using a digital ruler (B).

[0036] FIGURE 8A is an image of another embodiment, the programmable tool 10 used to

adjust a strut (not shown) to separate a first (not shown) and a second (not shown) fixation rings.

The programmable tool 10 includes a housing 12 having a front and a back (not shown). The

housing 12 may have a variety of connections ports, connectors, displays and controls (not

shown). The housing 12 also has one or more data ports (not shown) that allow communication

between the programmable tool 10 and an external source, e.g., computer, etc (not shown). The

housing 12 includes a display (not shown) which may display various types of information. The

housing 12 also includes a control board (not shown) that has various controls to allow the user

to operate various functions of the programmable tool 10. The control board (not shown) may

also include an on/off switch (not shown) that may be used to operate the programmable tool 10.

The housing 12 has a rotating shaft (not shown) that extends from the housing 12 and terminates

in a strut fitting (not shown) that allows the connection of the programmable tool 10 to an

external fixation strut. The rotating shaft (not shown) may be enclosed in a separate covering

leaving only the strut fitting (not shown) exposed and accessible, while protecting the actual

rotating shaft (not shown). The programmable tool 10 includes a measuring device 84 to

measure the distance between the first strut fitting 30 and a second strut fitting 86 attached to a

second strut fitting housing 88 that is separated by a measuring segment 90. The programmable

tool 10 is calibrated to allow the measuring device 84 to measure the length of the measuring

segment 90 and in turn the distance separating the first strut fitting 30 and the second strut fitting



86. The distance may be displayed on a display 92 and/or transmitted to the programmable tool

10 for automatic adjustment of the strut (not shown).

[0037] FIGURE 8B is an image of a programmable tool 10 in operation. The programmable tool

10 used to adjust a strut 52 to move a first fixation ring 56 relative to a second fixation ring 54.

The programmable tool 10 includes a housing 12 having a front and a back (not shown). The

housing 12 has a first strut fitting 30 that allows the connection of the programmable tool 10 to a

first ball joint 94 of an external fixation strut 52. The programmable tool 10 includes a

measuring device 84 to measure the distance between the first strut fitting 30 and a second strut

fitting 86 that is separated by a measuring segment 90; the second strut fitting 86 is attached to a

second strut fitting housing 88. The second strut fitting 86 fits a second ball joint 96 of an

external fixation strut 52. The programmable tool 10 is calibrated to allow the measuring device

84 to measure the length of the measuring segment 90 and in turn the distance separating the first

ball joint 94 and the second ball joint 96 and, therefore, the distance separating the first fixation

ring 56 and the second fixation ring 54. The distance may be displayed on a display 92 and/or

transmitted to the programmable tool 10 for automatic adjustment of the strut (not shown).

[0038] To facilitate the understanding of this application, a number of terms are defined below.

Terms defined herein have meanings commonly understood by a person of ordinary skill in the

areas relevant to the present application. Terms such as "a", "an" and "the" are not intended to

refer to only a singular entity, but include the general class of which a specific example may be

used for illustration. The terminology herein is used to describe specific embodiments of the

disclosure, but their usage does not delimit the disclosure, except as outlined in the claims.

[0039] Referring to Figure 9, the present disclosure includes a method for adjusting the

orientation of a first external support member relative to a second external support member, in

which a plurality of adjustable struts connect the first and second external support members. The

method includes providing a programmable tool, which can be any tool described in the present

application. In some embodiments, the programmable tool comprises a controller 100 in

electrical communication with a memory unit 102 and an actuator 104. The actuator 104 is

operable to engage the plurality of adjustable struts and adjust the length of the plurality of

adjustable struts. In some embodiment, the actuator 104 is operable to engage and rotate a



rotatable adjustment mechanism 112 of the struts to effect the desired length adjustment. The

rotatable adjustment mechanism 112 can include any adjustment mechanism described in or

modified in accordance to the present disclosure. The method further includes storing, in the

memory unit 102, instructions 106 for adjusting the length of each of the plurality of adjustable

struts to a desired length. In some embodiments, the instructions 106 includes a prescription

table for bone realignment. The method further includes receiving identification information 108

corresponding to the first adjustable strut. The identification information 108 can include any

information that is described in the present disclosure or known in the art for uniquely

identifying one strut from the other struts. In some embodiments, the identification information

108 is provided from a signal emitter in the strut to a signal receiver 110 in the programmable

tool. The method further includes retrieving, from the memory unit 102, the instructions for

adjusting the length of the identified strut based on the identification information 108 and

activating the actuator 104 to adjust the length of the identified strut according to the retrieved

instructions. As a result the identified strut is adjusted to a desired length.

[0040] In some embodiments, the programmable tool further includes a measuring device 118

for measuring the length of the plurality of adjustable struts, and the method further includes

determining the length of the first adjustable strut prior to and after adjusting the length of the

first adjustable strut and confirming that the first strut has the desired length 114. In some

embodiments, information such as the desired strut length 114 or the change in strut length 116

can be fed back to the controller 100 to be stored in the memory unit 102. In yet some other

embodiments, the feedback information stored in the memory unit 102 could be used by a doctor

or a user as a record to verify that the instructions 106 have been carried out or to update or

optimize the instructions 106.

[0041] The present application provides a method and a tool for incrementally adjusting the

length of an external fixator strut or other connection rod of an external fixation device. The

external fixation device may include a first external fixator ring and a second external fixator

ring connected by one or more external fixator struts or connecting rods. In some embodiments,

there are a plurality of external fixator struts that include a first ball joint having a first ball stud

extending from a first ball that is at least partially surrounded by a first ball cage. The first ball

stud attaches to an aperture in an outer or inner surface of the external fixator ring or other



external support. The external fixation strut includes a strut housing comprising an axial bore

extending longitudinally from the ball cage and an adjustment sleeve slidably fitted within the

axial bore of the strut housing and a sleeve fastener positioned to secure the adjustment sleeve to

the strut housing. The adjustment sleeve adjusts coarse rapid longitudinal movement with

respect to the strut housing and an adjustment mechanism positioned at one end of the

adjustment sleeve and threadably connected to a threaded elongated member. The adjustment

mechanism gradually adjusts longitudinally the threaded elongated member and a second ball

joint connected to the threaded elongated member. The second ball joint includes a second ball

stud extending from a second ball that is at least partially surrounded by a second ball cage. The

second ball stud attaches to an aperture in an outer or inner surface of the external fixator ring or

other external support.

[0042] The present application includes a tool that can incrementally adjust the overall end-to-

end length of the external fixator strut or other connection rod of an external fixation device.

The tool is adapted to engage the adjustment mechanism of the external fixator strut and rotate

the adjustment mechanism the preprogrammed direction and amount of turns to adjust the

position of the threaded elongated member relative to the adjustment mechanism of the external

fixator strut and thereby automatically adjust the overall end-to-end length of the external fixator

strut the prescribed amount.

[0043] The present application also includes a method of incrementally adjusting the overall

end-to-end length of the external fixator strut or other connection rod of an external fixation

device by programming a programmable tool with the direction and amount of external fixation

strut adjustment, engaging a programmable tool to the adjustment mechanism of the strut and

allowing the tool to turn the adjustment mechanism of the strut in pre-programmed direction and

on the pre-programmed amount of adjustment. The tool is adapted to engage the adjustment

mechanism of the external fixator strut and rotate the adjustment mechanism by the pre

programmed amount of turns to adjust the position of the threaded elongated member relative to

the adjustment mechanism of the external fixator strut. In some embodiments, the tool includes

a recognition mechanism for receiving identification information corresponding to the strut to be

adjusted, and automatically identifying the strut based on the identification information. Upon



recognizing the strut, the tool is operable to automatically adjust the overall end-to-end length of

the external fixator strut the prescribed amount.

[0044] In one embodiment, the tool has a housing, a strut number identifier, a microcontroller

with an internal memory, a control board, a power source, a motor, a gear box and a rotating

shaft that engages an adjustment mechanism of the external fixator strut. In operation, the tool is

positioned in or about the adjustment mechanism of a first external fixator strut and activated.

The tool uniquely identifies the external fixator strut and retrieves the direction and amount of

length adjustment that should be performed for this external fixator strut. In some embodiments,

the tool may be configured to identify and control struts from more than one external fixation

device. The rotating shaft engages the adjustment mechanism of the external fixator strut and

rotates the adjustment mechanism by the desired number of turns. The tool is then re-positioned

about the adjustment mechanism of a second external fixator strut to repeat the process of strut

length adjustment until all external fixator struts are adjusted.

[0045] The strut number identifier may include a variety of mechanisms known to the skilled

artisan. One common method of identification includes a radiofrequency (RF) sensor that

wirelessly communicates with a radio frequency transmitter (RFID) located on the adjustment

mechanism of the external fixator strut. Another strut number identifier may include a bar code

reader that counts a specific number of grooves on the adjustment mechanism of the external

fixator strut or communicates with magnetic strip located on the adjustment mechanism of the

external fixator strut. In another embodiment, strut number identifier includes a sensor that

receives information from a touch memory button located on the adjustment mechanism of the

external fixator strut. Another embodiment of the present disclosure provides that the strut

number is determined manually and allow the tool to engage the adjustment mechanism and

rotates the adjustment mechanism on the desired number of turns.

[0046] The present application also provides a microcontroller for the strut adjustment tool to

handle the operations and computations and an internal memory storage unit to store struts

adjustment related data and other necessary records. The memory storage unit may be in the

form of a non-volatile memory, magnetic memory, read only memory (ROM), electrically

erasable and programmable read only memory (EEPROM) or firmware.



[0047] The present application also provides a control board with e.g., a display, a speaker and

several control buttons to handle the operations and communication with the patient to perform

an external fixator strut's adjustment with the programmable adjustment tool. For example, the

present disclosure may include a control board with a tool mode control button that allows

switching between reading and adjustment modes. In addition, the present disclosure may

provide with different visual, audio, vibration and other signals indicating the status of the

adjustment tool (e.g., start signal after strut number identification, adjustment end signal after

completion of each length adjustment of the strut, battery recharge signal, emergency signal,

adjustment time reminder and so forth).

[0048] The tool may be internally powered by a rechargeable battery connected to an external

power source (AC, DC, Solar and so forth) through power supply connectors located on the

housing of the tool.

[0049] The tool may include a geared motor as well as other means to incrementally adjust the

overall end-to-end length of the external fixator strut or other connection rod of an external

fixation device. For example, the tool may provide electromagnetic impulses to push the

elongating member of the strut out of the strut housing. The tool may also have a shape-

memory alloy string to push the elongating member of the strut out of the strut housing.

[0050] The tool may also include a data port (e.g., USB connector) or a wireless communication

port (blue tooth, WiFi, IR, RF, and so forth). Using the data port or wireless communication port,

the tool may be connected to data storage (e.g., a memory stick) or to a computer to download

the information on prescribed direction and amount of length adjustments for each external

fixator strut. In addition, this data transfer may be bi-directional to allow the downloading of

specific strut length adjustment parameters (e.g., an actual time of strut adjustment, actual

amount of strut adjustment, etc.) that were stored on the internal memory of the tool to memory

storage or computer.

[0051] The present application may include a device and method for indicating the actual

number of turns the rotating shaft of the tool performed during each adjustment. For example,

the adjustment tool may include a rotational shaft encoder or other feedback sensor that counts

the number of turns of the rotating shaft of the tool.



[0052] The present application may also include a device and method for indicating the actual

number of turns the adjustment mechanism of the external fixator strut performed during each

adjustment. For example, the adjustment tool may include a magnetic feedback sensor

communicating with magnetic ring transmitter located on the adjustment mechanism of the

external fixator strut that counts the number of turns of the adjustment mechanism of the external

fixator strut.

[0053] In addition, the present application may also include a device and method for indicating

the overall length of the external fixator strut. For example, the present disclosure may include a

digital ruler or feedback sensor to determine the overall length and/or length adjustment amount

of the external fixator strut.

[0054] In addition, the present application may also include a device and method for indicating

the resistance during the adjustment of the external fixator strut. For example, the present

application may include a feedback torque measurement sensor to monitor resistance during the

adjustments of the external fixator strut and provide a turning profile.

[0055] The programmable adjustment tool may be in the form of a wrench, a clip or similar

device that allows the contacting of the tool with the adjustment mechanism of the external

fixator strut so that the tool is secured to the external fixator strut by itself.

[0056] In addition to or instead of the displays, an electrical sensor may be provided which

generates a signal when the specified target adjustment is obtained. The present application

includes conventional displays and alarms in combination to be activated upon attaining a

specified target adjustment. The use and arrangement of these displays and alarms in handheld

tools are conventionally known to be simple, functionally reliable, and inexpensive. For

example, a display can be mechanically activated in a conventional manner, e.g., by an axially

movable pin, a pivotably movably mounted bar, etc. Additionally or alternatively, an electrical

sensor can be used in a conventional manner to generate a signal when the specified target

adjustment is obtained. Signals from the electronic sensor are evaluated in a known manner by

an electronic circuit in order to trigger conventional acoustic or optical devices when the target

torque is obtained.



[0057] It will be understood that particular embodiments described herein are shown by way of

illustration and not as limitations of the disclosure. The principal features of this disclosure can

be employed in various embodiments without departing from the scope of the disclosure. Those

skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation, numerous equivalents to the specific procedures described herein. Such

equivalents are considered to be within the scope of this disclosure and are covered by the claims.

[0058] All publications and patent applications mentioned in the specification are indicative of

the level of skill of those skilled in the art to which this disclosure pertains. All publications and

patent applications are herein incorporated by reference to the same extent as if each individual

publication or patent application was specifically and individually indicated to be incorporated

by reference.

[0059] The use of the word "a" or "an" when used in conjunction with the term "comprising" in

the claims and/or the specification may mean "one," but it is also consistent with the meaning of

"one or more," "at least one," and "one or more than one." The use of the term "or" in the claims

is used to mean "and/or" unless explicitly indicated to refer to alternatives only or the alternatives

are mutually exclusive, although the disclosure supports a definition that refers to only

alternatives and "and/or." Throughout this application, the term "about" is used to indicate that a

value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

[0060] As used in this specification and claim(s), the words "comprising" (and any form of

comprising, such as "comprise" and "comprises"), "having" (and any form of having, such as

"have" and "has"), "including" (and any form of including, such as "includes" and "include") or

"containing" (and any form of containing, such as "contains" and "contain") are inclusive or

open-ended and do not exclude additional, unrecited elements or method steps.

[0061] The term "or combinations thereof as used herein refers to all permutations and

combinations of the listed items preceding the term. For example, "A, B, C, or combinations

thereof is intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is

important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.

Continuing with this example, expressly included are combinations that contain repeats of one or



more item or term, such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so

forth. The skilled artisan will understand that typically there is no limit on the number of items

or terms in any combination, unless otherwise apparent from the context.

[0062] All of the compositions and/or methods disclosed and claimed herein can be made and

executed without undue experimentation in light of the present disclosure. While the

compositions and methods of this disclosure have been described in terms of preferred

embodiments, it will be apparent to those of skill in the art that variations may be applied to the

compositions and/or methods and in the steps or in the sequence of steps of the method described

herein without departing from the concept, spirit and scope of the disclosure. All such similar

substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the disclosure as defined by the appended claims.



What is claimed is:

1. A programmable tool operable to adjust an external fixation strut having a rotatable

adjustment mechanism for length adjustments, the programmable tool comprising:

a housing;

a power supply disposed in the housing;

a data port disposed at least partially within the housing, the data port operable to receive

instructions for adjusting the external fixation strut;

a signal-sensor disposed at least partially within the housing, the signal-sensor operable

to receive a signal from an external source, the signal comprising identification information

corresponding to the external fixation strut;

a motor disposed within the housing, comprising a first output shaft;

a gear box comprising one or more sets of gears driven by the first output shaft, wherein

the one or more sets of gears drive a second output shaft;

a rotational shaft coupled to the output shaft, the rotational shaft comprising a strut fitting

adapted to engage and rotate the rotatable adjustment mechanism of the external fixation strut;

a controller in electrical communication with the data port, the signal-sensor, the power

supply, and the motor; and

a memory unit in electrical communication with the controller, the memory unit operable

to store data.

2 . The tool of claim 1, further comprising a display in electrical communication with the

controller, wherein the display comprises a LCD display, a LED display, an array of LEDs, a

speaker, a multi-tone generator, a communication interface or a combination thereof.



3 . The tool of claim 1, wherein the data port comprises a USB port, an RS232 port, a 25

modem port, cellular modem, a Wi-Fi module, a Bluetooth module, an IR module, an RF module,

an RFID module or combination thereof.

4 . The tool of claim 1, wherein the signal-sensor comprises a barcode reader, a Bluetooth

receiver, an IR receiver, an RF receiver, an RFID receiver, magnetic decoder or combination

thereof.

5 . The toot of claim 1, wherein the power supply comprises a battery, a DC source, a AC

source or a combination thereof.

6 . The tool of claim 1, wherein the power supply comprises a rechargeable battery and a

connection port for connection to a DC source, a AC source or a combination thereof.

7 . The tool of claim 1 wherein the controller comprises a microcontroller, a microcomputer,

a programmable logic array, or an application specific integrated circuit under the control of a

software program.

8. The tool of claim 1, further comprising a control panel in electrical communication with

the controller, the control panel operable to input control signals for one or more operations of

the programmable tool.

9 . A programmable tool operable to adjust an external fixation strut having a rotatable

adjustment mechanism for length adjustments, the programmable tool comprising:

a housing;

a power supply disposed in the housing;

a data port disposed at least partially within the housing, the data port operable to receive

instructions for adjusting the external fixation strut;

a signal-sensor disposed at least partially within the housing, the signal-sensor operable

to receive a signal from an external source, the signal comprising identification information

corresponding to the external fixation strut;



a motor disposed within the housing; and

an output shaft driven by the motor, the output shaft comprising a strut fitting adapted to

adapted to engage and rotate the rotatable adjustment mechanism of the external fixation strut;

and

a controller in electrical communication with the data port, the signal-sensor, the power

supply and the motor.

10. The tool of claim 9, further comprising a display comprises a LCD display, a LED

display, an array of LEDs, a speaker, a multi-tone generator, a communications interface or a

combination thereof.

11. The tool of claim 9, wherein the data port comprises a modem, cellular modem, a Wi-Fi

module, a Bluetooth module, an IR module, an RF module, an RFID module or combination

thereof.

12. The tool of claim 9, wherein the signal-sensor comprises a barcode reader, a Bluetooth

receiver, an IR receiver, an RF receiver, an RFID receiver, magnetic decoder or combination

thereof.

13. The tool of claim 9, wherein the power supply comprises a battery, a DC source, a AC

source or a combination thereof.

14. The tool of claim 9, further comprising a gear box, a clutch or both coupling the output

shaft and the motor.

15. The tool of claim 9 further comprising a memory unit in electrical communication with

the controller to store one or more parameters.

16. The tool of claim 9, further comprising a display in electrical communication with the

controller.

17. The tool of claim 9, further comprising a control board in electrical communication with

the controller to control one or more operations of the programmable tool.



18. The tool of claim 9, wherein the controller comprises a digital logic circuit selected from

a microcontroller, microcomputer, a programmable logic array, an application specific integrated

circuit under the control of a software program.

19. A method for adjusting the orientation of a first external fixator support member relative

to a second external fixator support member, wherein a plurality of adjustable struts connect the

first and second external fixator support members and comprise a first adjustable strut having an

initial length, the method comprising:

providing a programmable tool, the programmable tool comprising a controller in

electrical communication with a memory unit and an actuator, the actuator operable to engage

the plurality of adjustable struts and adjust the length of the plurality of adjustable struts;

storing, in the memory unit, instructions for adjusting the length of each of the plurality

of adjustable struts to a desired length;

receiving identification information corresponding to the first adjustable strut;

retrieving, from the memory unit, the instructions for adjusting the length of the first

adjustable strut based on the identification information corresponding to the first adjustable strut;

and

activating the actuator to adjust the length of the first adjustable strut according to the

retrieved instructions.

20. The method of claim 19, wherein the programmable tool further comprises a measuring

device for measuring the length of the plurality of adjustable struts, and the method further

comprises determining the length of the first adjustable strut prior to and after adjusting the

length of the first adjustable strut; and confirming that the first strut has the desired length.

21. The method of claim 20, wherein the measuring device is a digital ruler.

22. The method of claim 20, further comprising storing, in the memory unit, the length of the

first adjustable strut after length adjustment.



23. The method of claim 20, further comprising storing, in the memory unit, the difference

between the initial length and the desired length.

24. The method of claim 19, wherein each of the plurality of adjustable struts comprises a

rotatable adjustment mechanism for length adjustments and the actuator comprises a rotatable

shaft operable to rotate the adjustment mechanism of each of the plurality of adjustable struts,

and further wherein the instructions for adjusting the length of each of the plurality of adjustable

struts comprise the amount of rotation for the shaft of the actuator.

25. The method of claim 19, wherein each of the plurality of adjustable struts comprises a

rotatable adjustment mechanism for length adjustments and the actuator comprises a rotatable

shaft operable to rotate the adjustment mechanism of each of the plurality of adjustable struts,

and further wherein the instructions for adjusting the length of each of the plurality of adjustable

struts comprise the direction of rotation for the shaft of the actuator.

26. The method of claim 19, wherein the instructions for adjusting the length of each of the

plurality of adjustable struts comprise the amount of length adjustment to be effected by the

actuator.

27. The method of claim 19, wherein receiving identification information corresponding to

the first adjustable strut comprises wirelessly receiving the identification information.

28. The method of claim 27, wherein the identification information is in the form of a bar

code.

29. The method of claim 27, wherein the identification information is in the form of a radio

frequency ID.

30. The method of claim 19, wherein receiving identification information corresponding to

the first adjustable strut comprises receiving the identification information via a direct electrical

communication from a strut identification device of the first adjustable strut.



31. The method of claim 19, wherein receiving identification information corresponding to

the first adjustable strut comprises receiving the identification information manually entered by a

user of the programmable tool.

32. The method of claim 19, wherein the programmable tool further comprises a force senor,

and the method further comprises determining a resistant force exerted against adjusting the

length of the first adjustable strut.



une . .

What is claimed is:

1. A programmable tool operable to adjust an external fixation strut having a

rotatable adjustment mechanism for length adjustments and a strut identifier operable to

provide a signal that identifies the external fixation strut, the programmable tool

comprising:

a housing;

a power supply disposed in the housing;

a data port disposed at least partially within the housing, the data port operable to

receive instructions for adjusting the external fixation strut;

a signal-sensor disposed at least partially within the housing, the signal-sensor

operable to receive the signal from the strut identifier;

a motor disposed within the housing, comprising a first output shaft;

a gear box comprising one or more sets of gears driven by the first output shaft,

wherein the one or more sets of gears drive a second output shaft;

a rotational shaft coupled to the output shaft, the rotational shaft comprising a

strut fitting adapted to engage and rotate the rotatable adjustment mechanism of external

fixation strut;

a controller in electrical communication with the data port, the signal-sensor, the

power supply, and the motor; and

a memory unit in electrical communication with the controller, the memory unit

operable to store data.

2. The tool of claim 1, further comprising a display in electrical communication with

the controller, wherein the display comprises a LCD display, a LED display, an array of

LEDs, a speaker, a multi-tone generator, a communication interface or a combination

thereof.
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3. The tool of claim 1, wherein the data port comprises a USB port, an RS232 port, a

25 modem port, cellular modem, a Wi-Fi module, a Bluetooth module, an ER module, an

RF module, an RFED module or combination thereof.

4. The tool of claim 1, wherein the signal-sensor comprises a barcode reader, a

Bluetooth receiver, an ER receiver, an RF receiver, an RFID receiver, magnetic decoder

or combination thereof.

5. The tool of claim 1, wherein the power supply comprises a battery, a DC source, a

AC source or a combination thereof.

6. The tool of claim 1, wherein the power supply comprises a rechargeable battery

and a connection port for connection to a DC source, a AC source or a combination

thereof.

7. The tool of claim 1 wherein the controller comprises a microcontroller, a

microcomputer, a programmable logic array, or an application specific integrated circuit

under the control of a software program.

8. The tool of claim 1, further comprising a control panel in electrical

communication with the controller, the control panel operable to input control signals for

one or more operations of the programmable tool.

9. A programmable tool operable to adjust an external fixation strut having a

rotatable adjustment mechanism for length adjustments and a strut identifier operable to

provide a signal that identifies the external fixation strut, the programmable tool

comprising:

a housing;

a power supply disposed in the housing;

a data port disposed at least partially within the housing, the data port operable to

receive instructions for adjusting the external fixation strut;



a signal-sensor disposed at least partially within the housing, the signal-sensor

operable to receive the signal from the strut identifier;

a motor disposed within the housing; and

an output shaft driven by the motor, the output shaft comprising a strut fitting

adapted to engage and rotate the rotatable adjustment mechanism of the external fixation

strut; and

a controller in electrical communication with the data port, the signal-sensor, the

power

supply and the motor.

10 . The tool of claim 9, further comprising a display comprises a LCD display, a LED

display, an array of LEDs, a speaker, a multi-tone generator, a communications interface

or a combination thereof.

11. The tool of claim 9, wherein the data port comprises a modem, cellular modem, a

Wi-Fi module, a Bluetooth module, an IR module, an RF module, an RFID module or

combination thereof.

12. The tool of claim 9, wherein the signal-sensor comprises a barcode reader, a

Bluetooth receiver, an IR receiver, an RF receiver, an RFID receiver, magnetic decoder

or combination thereof.

13. The tool of claim 9, wherein the power supply comprises a battery, a DC source, a

AC source or a combination thereof.

14. The tool of claim 9, further comprising a gear box, a clutch or both coupling the

output shaft and the motor.

15. The tool of claim 9 further comprising a memory unit in electrical communication

with the controller to store one or more parameters.



16. The tool of claim 9, further comprising a display in electrical communication with

the controller.

17. The tool of claim 9, further comprising a control board in electrical

communication with the controller to control one or more operations of the

programmable tool.

18. The tool of claim 9, wherein the controller comprises a digital logic circuit

selected from a microcontroller, microcomputer, a programmable logic array, an

application specific integrated circuit under the control of a software program.

19. A method for adjusting the orientation of a first external fixator support member

relative to a second external fixator support member, wherein a plurality of adjustable

struts connect the first and second external fixator support members, wherein the

plurality of adjustable struts further comprise a first adjustable strut having an initial

length, the first adjustable strut comprising a strut identifier operable to provide a signal,

the method comprising:

providing a programmable tool, the programmable tool comprising a controller in

electrical communication with a memory unit and an actuator, the actuator operable to

engage at least one of the plurality of adjustable struts and adjust the length of said at

least one of the plurality of adjustable struts;

storing, in the memory unit, instructions for adjusting the length of the first

adjustable strut to a desired length;

receiving identification information corresponding to the first adjustable strut in

the signal provided from the strut identifier of the first adjustable strut;

retrieving, from the memory unit, the instructions for adjusting the length of the

first adjustable strut based on the identification information corresponding to the first

adjustable strut; and

activating the actuator to adjust the length of the first adjustable strut according to

the retrieved instructions.
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20. The method of claim 19, wherein the programmable tool farther comprises a

measuring device for measuring the length of the plurality of adjustable struts, and the

method further comprises determining the length of the first adjustable strut prior to and

after adjusting the length of the first adjustable strut; and confirming that the first strut

has the desired length.

2 1. The method of claim 20, wherein the measuring device is a digital ruler.

22. The method of claim 20, further comprising storing, in the memory unit, the

length of the first adjustable strut after length adjustment.

23. The method of claim 20, further comprising storing, in the memory unit, the

difference between the initial length and the desired length.

24. The method of claim 19, wherein the first adjustable strut comprises a rotatable

adjustment mechanism for length adjustments and the actuator comprises a rotatable shaft

operable to rotate the adjustment mechanism of the first adjustable strut, and further

wherein the instructions for adjusting the length of the first adjustable strut comprises the

amount of rotation for the shaft of the actuator.

25. The method of claim 19, wherein the first adjustable strut comprises a rotatable

adjustment mechanism for length adjustments and the actuator comprises a rotatable shaft

operable to rotate the adjustment mechanism of the first adjustable strut, and further

wherein the instructions for adjusting the length of the first adjustable strut comprises the

direction of rotation for the shaft of the actuator.

26. The method of claim 19, wherein the instructions for adjusting the length of the

first adjustable strut comprise the amount of length adjustment to be effected by the

actuator.

27. The method of claim 19, wherein receiving identification information

corresponding to the first adjustable strut comprises wirelessly receiving the

identification information.
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28. The method of claim 27, wherein the identification information is in the form of a

bar code.

29. The method of claim 27, wherein the identification information is in the form of a

radio frequency ID.

30. The method of claim 19, wherein receiving identification information

corresponding to the first adjustable strut comprises receiving the identification

information via a direct electrical communication from a strut identification device of the

first adjustable strut.

31. The method of claim 19, wherein receiving identification information

corresponding to the first adjustable strut comprises receiving the identification

information manually entered by a user of the programmable tool.

32. The method of claim 19, wherein the programmable tool further comprises a force

sensor, and the method further comprises determining a resistant force exerted against

adjusting the length of the first adjustable strut.
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STATEMENT UNDER PCT ARTICLE 19m

In response to the International Search Report mailed on 15 April 2009, Applicant

amends the present Application as explained herein. Claims 1-32 were originally filed in the

present International Application. By the present Amendment under Article 19, claims 1, 5,

9, 19, 24-26, and 32 have been amended and replaced with claims bearing fhe same numbers.

Thus, Replacement Sheets 22-27 that set forth all pending claims 1-32, as presently amended,

are submitted with this Amendment. AU other claims remain unchanged.

As originally filed, claims 1 and 9 were directed to a programmable tool comprising a

signal-senor operable to receive a signal from an external source. As amended, the preamble

of claims 1 and 9 now recite a programmable tool operable to adjust an external fixation strut

comprising "a strut identifier operable to provide a signal that identifies the external fixation

strut. . .," and the body of claims 1 and 9 have been amended to recite a signal-sensor operable

to receive "the signal from the strut identifier...." Similar amendments have been made to

claim 19. Applicant believes that such amendments clarify the distinctions between the

claimed programmable tool and the fixator operation system described in U.S. Pat. Appl.

Pub. No. 2002/0010465 to Koo ("Koo"), which does not teach a programmable tool that is

operable to receive signals from the a strut identifier and make adjustments to an external

fixation strut.

Additionally Applicant has amended claims 19 and 24-26 to recited the phrase "the

first adjustable strut" instead of the phrase "each of the plurality of adjustable struts." Claim

19 has also been amended to recite the phrase "at least one of the plurality of adjustable

struts."

In addition to the amendments discussed above, other amendments have been made to

correct typographical errors and are reflected in the replacement sheets. Applicant

respectfully requests amendment of the pending claims in the manner set forth in the attached

replacement sheets. Should the Examiner have any questions or concerns regarding the

present Amendment, the Examiner is invited to contact the undersigned Attorney of Record,

using the contact information provided below.
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