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MEASURING SKELETAL DISTRACTION 

This application claims priority to and the full benefit of United States Provisional 

Application Serial Number 61/486,483, filed May 16, 2011, and titled "Measuring Skeletal 

Distraction," the entire contents of which are incorporated herein by reference.  

5 This disclosure relates to measuring skeletal distraction.  

To increase the length of a bone, devices internal or external to a patient can be 

used to gradually separate bone fragments until a desired length is achieved. The rate at 

which the bone fragments are separated and the total separation distance are often 

important to the outcome for the patient.  

10 In a general aspect, a system for measuring skeletal distraction includes at least two 

transponders, a limb-lengthening device or a fixation device, and a transceiver for 

communicating with the transponders. Information from the transponders is used to 

determine positions of bone fragments coupled to the limb-lengthening device or the 

fixation device.  

15 According to a first aspect of the present invention, there is provided a method 

comprising transmitting an interrogation signal; detecting a first signal transmitted in 

response to the interrogation signal, the first signal being transmitted by a first transponder 

arranged to move with a first bone fragment; detecting a second signal transmitted in 

response to the interrogation signal, the second signal being transmitted by a second 

20 transponder arranged to move with a second bone fragment; and determining a distance 

between the bone fragments using the detected signals.  

Implementations may include one or more of the following features. For example, 

the first transponder is a passive RFID tag and the second transponder is a passive RFID 

tag. The first transponder is located within the first bone fragment and the second 

25 transponder is located within the second bone fragment. The first transponder and the 

second transponder are attached to a subcutaneous bone lengthening device. Determining 

the distance between the bone fragments using the detected signals includes determining 

the distance based on (i) a first delay between transmitting the interrogation signal and 
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detecting the first signal and (ii) a second delay between transmitting the interrogation 

signal and detecting the second signal. Determining the distance between the bone 

fragments using the detected signals includes determining the distance using a length based 

on the first delay and a length based on the second delay. Transmitting an interrogation 

5 signal includes transmitting the interrogation signal at each of a plurality of locations.  

Detecting a first signal transmitted in response to the interrogation signal includes 

detecting, for each transmission of the interrogation signal, a corresponding first response 

signal from the first transponder. Detecting a second signal transmitted in response to the 

interrogation signal includes detecting, for each transmission of the interrogation signal, a 

10 corresponding second response signal from the second transponder. Determining the 

distance between the bone fragments using the detected signals includes: measuring delays 

between each transmission of the interrogation signal and detection of the corresponding 

first response signal; identifying the shortest delay of the measured delays; determining a 

related delay between the transmission of the interrogation signal that resulted in the 

15 shortest delay and detection of the corresponding second response signal; and determining 

the distance between the bone fragments using the shortest delay and the related delay.  

Transmitting an interrogation signal at each of a plurality of locations is performed by an 

extracutaneous device while the extracutaneous device is moved relative to the first bone 

fragment and the second bone fragment.  

20 According to a second aspect of the present invention, there is provided a method 

comprising increasing a distance between a first bone fragment and a second bone 

fragment, a first transponder being coupled to the first bone fragment and a second 

transponder being coupled to the second bone fragment; after increasing the distance, 

causing a device to transmit a wireless interrogation signal; and while the device transmits 

25 the wireless interrogation signal, moving the device relative to the first bone fragment and 

the second bone fragment such that, at each of a plurality of locations, the interrogation 

signal is received by the first transponder and the second transponder, and signals 

produced by the first transponder and the second transponder in response to the 

interrogation signal are detected by the device.  
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Implementations may include one or more of the following features. For example, 

increasing the distance includes increasing the distance using an external fixation device.  

The device is a cellular phone.  

According to a third aspect of the present invention, there is provided a system 

5 comprising a bone-lengthening device; a first transponder and a second transponder, the 

transponders being coupled to the bone-lengthening device and spaced apart from each 

other along the length of the bone-lengthening device, the transponders each being 

operable to transmit a radio-frequency signal in response to an interrogation signal; and a 

reader including a radio-frequency transceiver operable to transmit an interrogation signal 

10 and detect responsive signals from the first transponder and the second transponder, one or 

more processing devices, and one or more storage devices storing instructions that are 

operable, when executed by the one or more processing devices, to cause the one or more 

processing devices to perform operations including: causing the transceiver to transmit the 

interrogation signal and detect the response signals from the first transponder and the 

15 second transponder, determining delays between the transmission of the interrogation 

signal and detection of the response signals from the first transponder and the second 

transponder, and determining a distance spanned by the transponders based on the delays.  

Implementations may include one or more of the following features. For example, 

the operations include: accessing a stored distance, determining a difference between the 

20 distance and the stored distance, and indicating the difference on a user interface. The 

bone-lengthening device is a telescoping intramedullary nail. The first transponder is a 

passive RFID tag and the second transponder is a passive RFID tag. The first transponder 

and the second transponder are attached to the bone-lengthening device at different 

locations spaced apart along the longitudinal axis of the bone-lengthening device. The 

25 reader is a cellular phone. The operations include storing the distance in association with a 

time or date that the measurement occurred. The operations include transmitting the 

distance to a server system. The operations include determining that the distance does not 

satisfy a threshold, and in response to determining that the distance does not satisfy the 

threshold, providing an alarm.  

3
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Determining the distance spanned by the transponders includes determining the 

distance between bone fragments coupled to the bone-lengthening device. Determining 

delays between the transmission of the interrogation signal and detection of the response 

signals from the first transponder and the second transponder includes: determining a first 

5 delay between the transmission of the interrogation signal and detection of a first 

response signal transmitted by the first transponder in response to the interrogation 

signal; and determining a second delay between the transmission of the interrogation 

signal and detection of a second response signal transmitted by the second transponder in 

response to the interrogation signal. Determining the distance spanned by the 

10 transponders based on the delays includes determining the distance using a length 

determined based on the first delay and a length determined based on the second delay.  

Causing the transceiver to transmit the interrogation signal and detect the 

response signals from the first transponder and the second transponder includes causing 

the transceiver to: transmit the interrogation signal at each of a plurality of locations; 

15 detect, for each transmission of the interrogation signal, a corresponding first response 

signal from the first transponder; and detect, for each transmission of the interrogation 

signal, a corresponding second response signal from the second transponder.  

Determining delays between the transmission of the interrogation signal and detection of 

the response signals from the first transponder and the second transponder includes: 

20 determining delays between each transmission of the interrogation signal and detection of 

the corresponding first response signal; identifying a shortest delay of the measured 

delays; and determining a related delay between the transmission of the interrogation 

signal that resulted in the shortest delay and detection of the corresponding second 

response signal. Determining the distance spanned by the transponders based on the 

25 delays includes determining the distance using the shortest delay and the related delay.  

The reader is an extracutaneous device, and causing the transceiver to transmit the 

interrogation signal and detect the response signals from the first transponder and the 

second transponder includes causing the reader to transmit the interrogation signal at each 

of a plurality of locations while the reader is moved relative to the bone-lengthening 

30 device.  
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According to a fourth aspect of the present invention, there is provided a system 

comprising an external fixation device; a first transponder and a second transponder, the 

transponders being configured to be coupled to different bone fragments, the transponders 

each being operable to transmit a radio-frequency signal in response to an interrogation 

5 signal; and a reader including a radio-frequency transceiver operable to transmit an 

interrogation signal and detect responsive signals from the first transponder and the second 

transponder, one or more processing devices, and one or more storage devices storing 

instructions that are operable, when executed by the one or more processing devices, to 

cause the one or more processing devices to perform operations including: causing the 

10 transceiver to transmit the interrogation signal and detect the response signals from the first 

transponder and the second transponder, determining delays between the transmission of 

the interrogation signal and detection of the response signals from the first transponder and 

the second transponder, and determining a distance spanned by the transponders based on 

the delays.  

15 Implementations may include one or more of the following features. For example, 

determining the distance spanned by the transponders includes determining the distance 

between bone fragments coupled to the bone-lengthening device. Determining delays 

between the transmission of the interrogation signal and detection of the response signals 

from the first transponder and the second transponder includes: determining a first delay 

20 between the transmission of the interrogation signal and detection of a first response signal 

transmitted by the first transponder in response to the interrogation signal; and determining 

a second delay between the transmission of the interrogation signal and detection of a 

second response signal transmitted by the second transponder in response to the 

interrogation signal. Determining the distance spanned by the transponders based on the 

25 delays includes determining the distance using a length determined based on the first delay 

and a length determined based on the second delay.  

Causing the transceiver to transmit the interrogation signal and detect the response 

signals from the first transponder and the second transponder includes causing the 

transceiver to: transmit the interrogation signal at each of a plurality of locations; detect, 

30 for each transmission of the interrogation signal, a corresponding first response signal from 

the first transponder; and detect, for each transmission of the interrogation signal, a 

corresponding second response signal from the second transponder.  

5
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Determining delays between the transmission of the interrogation signal and 

detection of the response signals from the first transponder and the second transponder 

includes: determining delays between each transmission of the interrogation signal and 

detection of the corresponding first response signal; identifying a shortest delay of the 

5 measured delays; and determining a related delay between the transmission of the 

interrogation signal that resulted in the shortest delay and detection of the corresponding 

second response signal. Determining the distance spanned by the transponders based on the 

delays includes determining the distance using the shortest delay and the related delay. The 

reader is an extracutaneous device, and causing the transceiver to transmit the interrogation 

10 signal and detect the response signals from the first transponder and the second 

transponder includes causing the reader to transmit the interrogation signal at each of a 

plurality of locations while the reader is moved relative to the first transponder and the 

second transponder.  

According to a fifth aspect of the present invention, there is provided an apparatus 

15 comprising a radio-frequency transceiver that is operable to transmit an interrogation 

signal and detect responsive signals from a first transponder and a second transponder 

when the first transponder and the second transponder are coupled to different fragments of 

a bone. The apparatus includes one or more processing devices and one or more storage 

devices storing instructions that are operable, when executed by the one or more 

20 processing devices, to cause the one or more processing devices to perform a variety of 

operations. The operations include causing the transceiver to transmit the interrogation 

signal and detect response signals from the first transponder and the second transponder.  

The operations include determining delays between the transmission of the interrogation 

signal and detection of the response signals from the first transponder and the second 

25 transponder, and determining a change in a length of the bone based on the delays.  

Implementations' may include one or more of the following features. For example, 

the apparatus includes a cellular phone. The operations include storing the determined 

change in a length of the bone in association with a time or date that the measurement 

occurred. The operations include transmitting the determined change in the length of the 

30 bone to a server system. The operations include determining that the determined change in 

the length of the bone does not satisfy a threshold and, in response 
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to determining that the determined change in the length of the bone does not satisfy the 

threshold, providing an alarm. Determining delays between the transmission of the 

interrogation signal and detection of the response signals from the first transponder and 

the second transponder includes determining a first delay between the transmission of the 

5 interrogation signal and detection of a first response signal transmitted by the first 

transponder in response to the interrogation signal and determining a second delay 

between the transmission of the interrogation signal and detection of a second response 

signal transmitted by the second transponder in response to the interrogation signal.  

Determining the change in the length of the bone based on the delays includes 

10 determining the change in length of the bone using a length determined based on the first 

delay and a length determined based on the second delay.  

Causing the transceiver to transmit the interrogation signal and detect the 

response signals from the first transponder and the second transponder includes causing 

the transceiver to: transmit the interrogation signal at each of a plurality of locations; 

15 detect, for each transmission of the interrogation signal, a corresponding first response 

signal from the first transponder; and detect, for each transmission of the interrogation 

signal, a corresponding second response signal from the second transponder.  

Determining delays between the transmission of the interrogation signal and detection of 

the response signals from the first transponder and the second transponder includes: 

20 determining delays between each transmission of the interrogation signal and detection of 

the corresponding first response signal; identifying a shortest delay of the measured 

delays; and determining a related delay between the transmission of the interrogation 

signal that resulted in the shortest delay and detection of the corresponding second 

response signal. Determining the change in the length of the bone based on the delays 

25 includes determining the change in the length of the bone using the shortest delay and the 

related delay. The apparatus is an extracutaneous device, and causing the transceiver to 

transmit the interrogation signal and detect the response signals from the first transponder 

and the second transponder includes causing the apparatus to transmit the interrogation 

signal at each of a plurality of locations while the apparatus is moved relative to the first 

30 transponder and the second transponder.  

7
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The invention will now be described, by way of non-limiting example only, with 

reference to the accompanying drawings.  

Fig. 1 is a perspective cutaway view of a system for measuring skeletal distraction.  

5 Fig. 2 is a block diagram of a reader of the system.  

Figs. 3, 4A, and 4C are side cutaway views illustrating the system.  

Fig. 4B is a diagram illustrating example data measured by the system.  

Fig. 4D is a diagram illustrating an example of calculation of a distance.  

Fig. 5 is diagram illustrating a user interface of the reader.  

10 Fig. 6 is diagram illustrating another user interface of the reader.  

Fig. 7 is a perspective cutaway view of an alternative system for measuring skeletal 

distraction.  

Fig. 8 is a flowchart illustrating a method of measuring skeletal distraction.  

Referring to Fig. 1, a system 100 that can be used to measure skeletal distraction 

15 includes a Radio Frequency Identification (RFID) tag reader 10, an intramedullary nail 12, 

and two radio-frequency transponders 14, 16 attached to the nail 12 and spaced apart along 

a length, L, of the nail 12. In use, the nail 12 is located in the medullary cavity of two bone 

fragments 18, 20 of a bone 22, for example, a tibia of a patient's leg 23. The nail 12 is a 

bone-lengthening device, for example, an intramedullary skeletal kinetic distractor (ISKD) 

20 manufactured by Orthodyne, is configured to extend in increments over time, gradually 

separating the bone fragments 18, 20 and lengthening the bone 22. The transponders 14, 16 

are attached to the nail 12, spaced apart along the length of the nail 12. As the nail 12 

separates the bone fragments 18, 20, one transponder 14 moves with 

8
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one bone fragment 18, and the other transponder 16 moves with the other bone fragment 

20. The reader 10 wirelessly communicates with the transponders 14, 16 to 

extracutaneously determine changes in the length of the leg 23.  

The reader 10 and the transponders 14, 16 communicate through the bone 

5 fragments 18, 20, the patient's skin 26, and other tissues to measure a distance, D, 

between the transponders 14, 16. An increase in the distance, D, corresponds to an 

increase in the length of the bone 22 and thus the leg 23. The reader 10 indicates changes 

in length on a user interface 50 and communicates with one or more computer systems 30 

over a network 28, which can be wired or wireless. The reader 10 can thus provide 

10 information indicating change in the length of the leg 23 to the patient and to medical 

professionals.  

Referring to Fig. 2, the reader 10 is a handheld device, for example, a cellular 

phone, that includes an RF transceiver 46 operable to read RFID tags. In some 

implementations, the reader 10 includes a cellular phone and a removable attachment that 

15 includes the RF transceiver 46. The reader 10 can include a system of devices in 

communication with each other, which may not all be handheld. For example, the reader 

10 can include a handheld wand that houses the RF transceiver 46 while other functions 

are performed by a computer system in communication with the wand.  

The reader 10 includes one or more processing devices 40, one or more storage 

20 devices 42, and a power supply 44, which can include a rechargeable battery. The one or 

more storage devices 42 store data measured by the reader 10. The storage devices 42 

also store instructions that are executed by the one or more processing devices 40, 

causing the one or more processing devices 40 to perform operations to control other 

components of the reader 10.  

25 The reader 10 includes a communication module 48 and the user interface 50.  

The communication module 48 transmits and receives data over the network 28. In some 

implementations, the communication module 48 includes a transceiver capable of 

communicating over a cellular phone network. The user interface 50 includes a display 

for presenting information to a user of the reader 10, for example, a patient or a 

9
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physician. The screen can be touch-sensitive to receive input from the user. The user 

interface 50 can include physical controls in addition to on-screen controls.  

Referring to Fig. 3, the reader 10 is used to measure the distance, D, between the 

transponders 14, 16. The transponders 14, 16 are passive RFID tags. Alternatively, the 

5 transponders 14, 16 can be active or semi-active RFID tags. The signals produced by the 

transponders 14, 16 can have a frequency within a range between about 30 kHz and 3 

GHz including, for example, low-frequency (30kHz to 300 kHz), high-frequency (3MHz 

to 30 MHz), or ultra-high-frequency (300 MHz to 3 GHz) signals.  

The transponders 14, 16 can be selected for high performance when mounted on 

10 metal or embedded in metal, for example, one of the PicoX II, Pico-iN, or Nano-iN series 

RFID tags manufactured by Xerafy, permitting the transponders 14, 16 to operate 

efficiently when mounted on a metal nail. In some implementations, the transponders are 

printed chipless RFID tags. The transponders 14, 16 can be autoclavable and/or tolerant 

of gamma radiation to permit sterilization. Examples include GammaTag 500 series 

15 RFID tags manufactured by AdvantaPure, p-chip RFID tags manufactured by Hitachi, 

and the MicroX II RFID tags manufactured by Xerafy.  

The transponders 14, 16, are also selected to have signal transmission and 

reception characteristics to accommodate a variety of patients. The transponders 14,16 

have a read range sufficient large to transmit signals through soft tissue at a depth of, for 

20 example, 8 inches, 16 inches, 24 inches, or more. Thus the system 100 can effectively 

measure increases in bone length for patients having limbs of all sizes, including patients 

having with above-average limb diameters due to large quantities of muscle or adipose 

tissue.  

The transponders 14, 16 are also selected to include bio-compatible materials and 

25 to have a small size to limit tissue irritation. For example, the transponders 14, 16, can be 

sufficiently small to be located within the nail 12. Alternatively, the transponders 14, 16, 

may be mounted on the exterior of the nail 12, with a size and thickness that results in 

limited irritation to surrounding tissue.  

The transponders 14, 16 are selected to have matching operating characteristics.  

30 For example, the transponders 14, 16 have substantially the same latency between 

10
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receiving an interrogation signal and transmitting a response signal. The transponders 14, 

16 transmit response signals that encode different identifiers, permitting the reader 10 to 

distinguish the response signals from the different transponders 14, 16.  

The transponders 14, 16 are oriented in a plane generally parallel to the 

5 longitudinal axis of the nail 12 with a common linear axis 52 of the transponders 14, 16 

that is substantially parallel to the longitudinal axis, X, of the nail 12. The transponders 

14, 16 can alternatively be oriented at a different position with respect to each other and 

with respect to the nail 12 and the bone fragments 18, 20, and offsets between the 

transponders 14, 16 can be input to the reader 10 to correct distance measurements.  

10 The transponders 14, 16 are attached to different portions 24, 25 of the nail 12, 

spanning a fracture of the bone 22. The transponders 14, 16 can be coupled to the nail 12 

by adhesive, or can be inlaid or mounted on the surface of the nail 12. In some 

implementations, the transponders 14, 16 are located within the different portions 24, 25 

of the nail 12, for example, the transponders 14, 16, can reside in the nail within a pocket 

15 filled with potting material. The transponders 14, 16, can be encased in glass or plastic to 

protect them from bodily fluids.  

To implant the nail 12, a surgeon creates an incision in the leg 23, fractures the 

bone 22 to create the bone fragments 18, 20, and implants the nail 12 in the 

intramedullary cavity of the bone fragments 18, 20. The nail 12 is provided to the 

20 surgeon with the transponders 14, 16 attached, as a sterilized assembly. Alternatively, the 

transponders 14, 16 can be affixed to the nail 12 by the surgeon prior to implanting the 

nail 12. Implantation of the nail 12 thus places the transponders 14, 16 in the 

intramedullary cavity of the bone fragments 18, 20. The nail 12 (or other bone

lengthening device) can include one, two, or more components. For example, the nail 12 

25 can include two or more separate components that act against each other or through 

another mechanism to cause separation of the bone fragments 18, 20.  

The portions 24, 25 move axially relative to each other to separate the bone 

fragments 18, 20, causing the bone 22 to be lengthened. In some implementations, the 

nail 12 is a telescoping intramedullary nail, such as a limb-lengthening nail. Other bone

30 lengthening devices, including those configured for subcutaneous placement or for 

11
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external fixation, can alternatively be used. The nail 12 includes a mechanism that 

separates the portions 24, 25 by, for example, magnetic force, hydraulic force, shape 

memory, or a motor and gears. Movement of the portions 24, 25 relative to each other 

causes the transponders 14, 16 to move relative to each other by a corresponding amount.  

5 Relative movement of the bone fragments 18, 20 does not require both bone 

fragments 18, 20 to be displaced during a lengthening procedure. For instance, over the 

course of distraction osteogenesis, one bone fragment 20 can be moved while the other 

bone fragment 18 is maintained substantially in its initial position with respect to the 

patient's anatomy. When one of the bone fragments 18, 20 remains stationary, the 

10 corresponding transponder 14, 16 will also remain stationary.  

To measure a length of the bone 22, the user of the reader 10 selects a control of 

the user interface 50, causing the reader 10 to enter an acquisition mode in which the 

reader 10 can communicate with the transponders 14, 16. In the acquisition mode, the RF 

transceiver 46 periodically transmits an interrogation signal 60 and detects RF signals.  

15 The user places the reader 10 in contact with the skin 26 and moves the reader 10 

along the leg 23, in the direction of arrow 68. The reader 10 is placed substantially flat 

against the skin 26, and while contact with the skin 26 is maintained, the reader 10 is 

moved in a substantially linear direction 68, substantially parallel to the leg 23. Moving 

the reader 10 substantially parallel to the leg 23 moves the reader 10 in the direction 68 

20 that is substantially parallel to the axis 52 defined by the transponders 14, 16.  

The reader 10 transmits an interrogation signal 60 directed into the leg 23. The 

interrogation signal 60 propagates through an area sufficiently wide that, from a single 

position of the reader 10 relative to the transponders 14, 16, a single transmission of the 

interrogation signal 60 reaches both transponders 14, 16. The interrogation signal 60 

25 reaches the transponders 14, 16 with sufficient energy to cause the transponders 14, 16 to 

produce signals that the reader 10 can detect and identify.  

In response to the interrogation signal 60, each transponder 14, 16 transmits a 

response signal 62, 64. The RF transceiver 46 detects the signals 62, 64, and the reader 

10 calculates the delay between the transmission of the interrogation signal 60 and 

30 detection of each response signal 62, 64.  

12
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In the illustration, the distance between the transponder 14 and the reader 10 is 

shorter than the distance between the transponder 16 and the reader 10. As a result, the 

delay between transmitting the interrogation signal 60 and detecting the response signal 

62 is shorter than the delay between transmitting the interrogation signal 60 and detecting 

5 the response signal 64.  

Referring to Fig. 4A, the RF transceiver 46 periodically transmits the 

interrogation signal 60 while the user moves the reader 10 along the leg 23, resulting in 

the interrogation signal 60 being transmitted from multiple locations relative to the 

transponders 14, 16. The RF transceiver 46 transmits the interrogation signal 60 at a high 

10 rate, permitting the reader 10 to perform measurements at a high sampling rate. In some 

implementations, transmissions of the interrogation signal 60 occur at a rate of greater 

than 200 Hz, for example, at a rate between 5 kHz and 1 MHz.  

Transmissions of the interrogation signal 60 occur at multiple positions along the 

path of the reader 10, though only four positions, P1-P4, are illustrated for simplicity.  

15 Each position, P-P 4, indicates a location of the RF transceiver 46 from which the 

interrogation signal 60 is transmitted.  

For each transmission of the interrogation signal 60 (for example, at each 

position, P-P 4), the reader 10 detects two corresponding response signals 62, 64, one 

from each transponder 14, 16. The reader 10 measures and records the delay between 

20 transmission of the interrogation signal 60 and detection of each corresponding response 

signal 62, 64. The reader 10 also records data indicating that the two related delay 

measurements correspond to the same position, one of P-P 4. In other words, related 

delay measurements indicate delays of different response signals 62, 64 relative to the 

same transmission of the interrogation signal 60.  

25 Due to the propagation speed of the signals 60, 62, 64, movement of the reader 10 

caused by the user does not practically affect the delay measurements. For example, for 

the transmission of the interrogation signal 60 from the position, Pi, the corresponding 

response signals 62, 64 reach the RF transceiver 46 practically at the position P1.  

Referring also to Fig. 4B, response delays, TI-Ts, measured by the reader 10 are 

30 illustrated on a diagram 400. As the reader 10 moves relative to the transponders 14, 16, 
13
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the distance between the reader 10 and the transponders 14, 16 varies. Because the 

distances traveled by the interrogation signal 60 and the response signals 62, 64 are 

different for different positions, P-P 4, the response delays, T -Ts, for the positions, P-P 4, 

are different. The duration of each time delay, T-T 8, is correlated to the length of the 

5 distance traveled by the interrogation signal 60 and the response signal 62, 64.  

The delays T-T 4 represent delays for response signals 62 transmitted by the first 

transponder 14, which travel over distances, A, -A4, respectively. The delays T5-T8 

represent delays for response signals 64 transmitted by the second transponder 16, which 

travel over distances, B1-B4, respectively. Each position, P- P4, has a corresponding pair 

10 of delays (e.g., Ti and T5; T2 and T6; T3 and T7; and T4 and T8) indicating the delays 

between transmission of the interrogation signal 60 at that position, P-P 4, and detection 

of the corresponding response signals, 62, 64.  

The reader 10 identifies the shortest response delay out of all of the measured 

delays, T1-T4, between transmission of the interrogation signal 60 and detection of the 

15 corresponding response signal 62 transmitted by the first transponder 14. In the 

illustrated example, the shortest delay is the delay, T3. The reader 10 also identifies the 

other delay, T7, corresponding to the same position, P3. The delay, T7, is related to the 

shortest delay, T3, in that both delays, T3, T7, indicate intervals between a single 

transmission of the interrogation signal 60 and detection of a response signal 62, 64 

20 transmitted in response to that transmission.  

Referring to Fig. 4C and 4D, the shortest response delay, T3, corresponds to the 

measurement position at which the RF transceiver 46 is closest to the first transponder 

14. At this position, P3, an axis 65 through the RF transceiver 46 and the first transponder 

14 is substantially perpendicular to the nail 12. Thus of all the positions, P-P 4, at which 

25 measurements occur, the position, P3, is the position at which the distances between the 

RF transceiver 46, the first transponder 14, and the second transponder 16 most closely 

form a right triangle 70 (Fig. 4D). By considering the RF transceiver 46 and the 

transponders 14, 16 to be located at vertices of the right triangle 70, the reader 10 uses the 

measured delays, T3, T7, to triangulate the distance, D, between the transponders 14, 16.  

14
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The distances, A3, B3, between the RF transceiver 46 and the transponders 14, 16 

can be determined using the measured time delays. Each measured delay, T3, T7, 

represents a time required for EM signals to traverse a distance twice: first, for the 

interrogation signal 60 from the RF transceiver 46 to reach one of the transponders 14, 

5 16; and second, for the response signal 62, 64 from the transponder 14, 16 to reach the 

RF transceiver 46. Because the propagation speed of the EM signals 60, 62, 64 is known, 

that is, the EM signals propagate at the speed of light, the distances, A3, B3, can be 

calculated from the measured delays, T3, T7. The relationship between a distance, X, and 

a corresponding response delay, T, is indicated in Equation 1, below.  

10 Equation 1: Distance X = 1/2 * C * T 

where T is the delay between a transmission of an interrogation signal and detection of a 

corresponding response signal, and where C is the speed of light. The value for the speed 

of light, C, can be selected to reflect the speed of light in bodily tissue.  

In some implementations, an adjusted delay, Tadj, is used in place of a measured 

15 delay, T. To calculate the adjusted delay, Tadj, delays that are not attributable to 

propagation of the signals are subtracted from the measured delay. For example, if the 

transponders 14, 16 incur a consistent latency between receiving the interrogation signal 

and transmitting a response signal, that latency can be subtracted from the measured 

delay to generate the adjusted delay, Tadj.  

20 The distance, A3, calculated using the shortest delay, T3, represents one leg 71 of 

the triangle 70, and the distance, B3, calculated using the related delay, T7, represents the 

hypotenuse 72 of the triangle 70. The distance, D, between the transponders 14, 16 is the 

remaining leg 73 of the triangle 70. The distance, D, can be generated using, for 

example, the Pythagorean theorem and solving for the distance, D. For example, this 

25 relationship is indicated in Equation 2, below.  

Equation 2: Distance D = SQRI (1/2 * C * TL)2 - (1/2 * C * Ts,)2 

where Ts is the shortest measured time delay between transmission of an interrogation 

signal and detection of a response signal from a first transponder, and TL is the measured 

time delay between the same transmission of the interrogation signal and detection of a 
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response signal from the other transponder. As described above, in some 

implementations, adjusted delays are used rather than measured delays.  

The reader 10 calculates a distance spanned by the transponders 14, 16, for 

example, the entire distance between the transponders 14, 16, such as the distance, D, or a 

5 portion of the distance spanned by the transponders 14, 16, such as a distance that 

represents an increase in separation of the transponders 14, 16. The reader 10 calculates 

the distance, D, between the transponders 14, 16, and records the calculated distance with 

the date and time that the measurement occurred. The reader 10 also accesses data 

indicating previous measurements and determines a change in the length of the leg 23.  

10 The change in leg length is indicated by the increase in separation between the 

transponders 14, 16, which the reader 10 calculates by subtracting a previously measured 

distance between the transponders 14, 16 from the currently measured distance, D. The 

reader 10 calculates the change in the length of the leg 23 with respect to, for example, 

the most recent measurement, or a measurement that occurred at a particular time, such as 

15 approximately 24 hours ago.  

The reader 10 also calculates a change in the length of the leg 23 since an initial 

baseline measurement was made, thus determining the cumulative change in the length of 

the leg. After surgery to implant the nail 12, a surgeon measures the distance, D, by 

moving the reader 10 along the outside of the skin 26, as described above. For example, 

20 the surgeon can demonstrate how to use the reader 10, while establishing a baseline 

distance, D, between the transponders 14, 16. In addition, a baseline length of the bone 

22 or the leg 23 can be separately measured with other instruments. The baseline leg 

length is entered on the reader 10 along with other parameters, such as the prescribed rate 

of bone lengthening and the final target length of the leg 23. Increases in the distance, D, 

25 from the baseline distance thus indicate corresponding increases in the length of the leg 

23 from the baseline leg length.  

In some implementations, the user measures the distance, D, by moving the reader 

10 along the entire length of the nail 12. As a result, the reader 10 measures response 

delays for a position where the RF transceiver 46 is located substantially over the first 

30 transponder 14 and for a position where the RF transceiver 46 is located substantially 
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over the second transponder 46. The reader 10 calculates the distance, D, using the 

shortest delay for a response signal 62 from the first transponder 14 and its related delay.  

The reader 10 also calculates the distance, D, a second time using the shortest delay for a 

response signal 64 from the transponder 16 and its related delay. This second calculation 

5 uses measurements corresponding to the position where the RF transceiver 46 is closest 

to the second transponder 16. The reader 10 compares the two calculated distances and 

determines whether they are within a tolerance of each other. For example, the reader 10 

subtracts one calculated distance from the other and compares the difference to a 

threshold. If the difference does not satisfy the threshold, the reader 10 visibly or audibly 

10 indicates that the user should move the reader 10 past the transponders 14, 16 again to 

acquire new measurement data.  

In some implementations, the reader 10 includes a pressure sensor configured to 

sense pressure against the side of the reader 10 that contacts the patient's skin 26. At 

various times during movement along the patient's skin 26, the reader 10 measures a 

15 pressure exerted against the reader 10. Large variations in pressure can indicate a non

uniform path of the reader 10, which may in turn reduce the accuracy of measurements in 

some instances. The reader 10 can compare multiple pressures measured at different 

times while data is acquired by the reader 10. When the difference between the measured 

pressures exceeds a threshold, the reader 10 can produce an alarm or indicate on the user 

20 interface 50 that new data should be acquired. In addition, while data is acquired, 

information may be displayed on the user interface 50 to indicate the pressure against the 

reader 10, assisting the user to move the reader 10 with a generally consistent pressure 

along the skin 26.  

Referring to Fig. 5, after the user measures the distance, D, the reader 10 provides 

25 information to the user on the user interface 50. The reader 10 displays the change in 

length 74 since the previous measurement. The reader 10 displays cumulative 

lengthening 75 of the leg 23 since the lengthening process began. The reader 10 can also 

calculate and display the change in length over a period of time, for example, by hour, by 

day, or by week. The reader 10 can also display the remaining distance 76 to be 

30 lengthened to complete the lengthening procedure. In some implementations, the reader 

10 calculates the current length of the leg 23, for example by adding the cumulative 
17
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change in length 74 to the baseline length of the leg 23, and the reader 10 calculates the 

leg length on the user interface 50. In some implementations, the reader 10 provides 

some or all of this information to the user through an e-mail message or a Short Message 

Service (SMS) text message.  

5 The reader 10 also displays a reminder 77 indicating when a measurement is 

scheduled or when adjustment of the nail 12 or other lengthening device is scheduled.  

The reader 10 can also provide a reminder by e-mail or text message. The reader 10 can 

display instructions to the user that indicate when measurements should occur, and can 

indicate when measurements were not performed as scheduled. When the time for a 

10 scheduled measurement arrives, or at various intervals after a measurement is missed, the 

reader 10 provides a visible, audible, or tactile alarm.  

The reader 10 also compares the change in the distance, D, over a period of time 

to the amount of lengthening prescribed for the patient for that period of time. When the 

reader 10 determines that the amount of lengthening does not satisfy a threshold (e.g., the 

15 lengthened amount is outside of a target range), the reader provides a warning or an 

alarm. For example, leg lengthening may be prescribed for a rate of one millimeter per 

day, with a tolerance of 0.25 millimeters. If the reader 10 determines that lengthening 

over the previous day is more than an upper threshold of 1.25 millimeters, the reader 10 

provides an alarm indicating the excessive lengthening. Similarly, if the change in length 

20 is less than a lower threshold of 0.75 millimeters, the reader 10 can provide an alarm that 

indicates that lengthening is insufficient. In some implementations, alarm messages can 

also be transmitted to medical personnel. In some implementations, the reader 10 also 

displays instructions to the user to restore the separation rate to the target range, for 

example, instructions to adjust the nail 12 or to visit a physician.  

25 In some implementations, the reader 10 transmits information indicating leg 

length calculations to the computer system 30 over the network 28 (Fig. 1). The 

computer system 30 can be a server system that stores received length measurements and 

provides access to the distance measurements to the patient and the patient's physician.  

The reader 10 or the computer system 30 can also transmit messages to medical 

18



WO 2012/158273 PCT/US2012/032340 

personnel to indicate the amount of lengthening that has occurred. The reader 10 can 

send a message indicating any of the alarms or warnings that are provided to the patient.  

Referring to Fig. 6, the reader 10 displays on the user interface 50 instructions 

indicating how to perform a measurement using the reader 10. The reader 10 displays 

5 illustrations, such as images, icons, or video, indicating actions the user should perform 

to take a measurement. The reader 10 displays an image 81 of the nail 12, an image 82 of 

the reader 10, and an indication 83 of the path that the user should move the reader 10 to 

record a measurement.  

Because the reader 10 measures skeletal distraction by directly measuring the 

10 distance, D, between the transponders 14, 16, the reader 10 can measure changes in 

length when different mechanisms are used to separate the bone fragments 18, 20. The 

measurements can be made whether separation is caused by devices internal or external 

to the patient.  

Referring to Fig. 7, rather than employing a telescoping nail, a system 200 for 

15 measuring skeletal distraction includes a reader 110, two transponders 114, 116, and an 

external fixation device 112. The transponders 114, 116 are attached directly to different 

bone fragments 118, 120 of a bone 122, and are arranged to move with their respective 

bone fragments 118, 120. The reader 110 communicates with the transponders 114, 116 

in the same manner described above for the reader 10 and transponders 14, 16, by 

20 transmitting an interrogation signal 160 while the reader 110 moved along the patient's 

skin 126 and detecting response signals 162, 164 from the transponders 114, 116.  

The external fixation device 112 can be a circular fixation device, for example, a 

frame that surrounds a limb. Alternatively, the external fixation device 112 can be a 

monolateral fixation device including a bar or other component positioned along the bone 

25 122. Other external fixation devices can also be used.  

In some implementations, the reader 110 is attached to the external fixation device 

112. The reader 110, or components of the reader 110 such as an RF transceiver, can be 

slidably mounted on one or more struts or rails of the external fixation device 112. The 

reader 110 can be coupled to a motorized transference unit of the external fixation device 

30 112 configured to slide the reader 110 against the patient's skin 126. The reader 110 and 
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the transference unit can be programmed to, at various times each day, slide the reader 

110 along the skin 126 along the bone fragments 118, 120 while communicating with the 

transponders 114, 116. Calculated distances based on the measurements performed can 

be communicated visually on a user interface, audibly, or over a network.  

5 To begin the lengthening process, a surgeon creates an incision to access the bone 

122 and preforms an osteotomy to break the bone 122 into the bone fragments 118, 120.  

The surgeon then attaches one of the transponders 114, 116 to each of the bone fragments 

118, 120. The transponders 114, 116 are attached, each to a bone anchoring device such 

as a threaded housing, and the surgeon screws the housing for each transponder 114, 116 

10 into the corresponding bone fragment 118, 120. The surgeon then closes the incision.  

In some implementations, the patient manually increases the separation of the 

bone fragments 118, 120 in increments, for example, in four adjustments each day of 0.25 

millimeters each. The reader 110 reminds the patient when adjustments to the external 

fixation device 112 are needed by producing an alarm. After each adjustment, the patient 

15 uses the reader 110 to measure the distance between the transponders 114, 116.  

The patient selects a control of the reader 110 causing the reader 110 to 

periodically transmit a wireless interrogation signal 160. The patient places the reader 

110 in contact with the skin 126, and while the reader 110 periodically transmits the 

wireless interrogation signal 160, the patient moves the reader 110 relative to the first 

20 bone fragment 118 and the second bone fragment 120. The transponders 114, 116 are 

located along an axis substantially parallel to the longitudinal axis of the bone 122, and 

the patient moves the reader 110 in a substantially linear direction, substantially parallel 

to the longitudinal axis of the bone 122.  

At each of multiple locations, the interrogation signal 160 is received by the first 

25 transponder 114 and the second transponder 116, and signals 162, 164 produced by the 

first transponder 114 and the second transponder 116 in response to the interrogation 

signal 160 are detected by the reader 110.  

By measuring changes in length with the reader 110, a history of lengthening is 

recorded and is provided to the patient and medical personnel. Measurements by the 

30 reader 110 can be more accurate than distances indicated by the external fixation device 
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112 because the reader 110 measures the increases in length directly rather than 

indirectly. Measurements using the reader 110 can be used to verify the accuracy of 

distances indicated by the external fixation device 112.  

Referring to Fig. 8, a reader performs a process 800 for measuring skeletal 

5 distraction.  

An interrogation signal is transmitted (802). The signal can be transmitted by an 

extracutaneous device, such as a cellular phone, while in contact with the skin of the 

patient.  

A first signal transmitted in response to the interrogation signal is detected (804).  

10 The first signal is transmitted by a first transponder arranged to move with a first bone 

fragment. A second signal transmitted in response to the interrogation signal is detected 

(806). The second signal is transmitted by a second transponder arranged to move with a 

second bone fragment.  

The first transponder and the second transponder can be passive RFID tags. The 

15 first transponder and the second transponder can be located in the intramedullary cavity 

of their respective bone fragments. The transponders can be attached to a subcutaneous 

bone lengthening device such as an intramedullary nail.  

A distance between the bone fragments is determined using the response signals 

(808). The reader measures a first delay between transmitting the interrogation signal 

20 and detecting the first signal. The reader measures a second delay between transmitting 

the interrogation signal and detecting the second signal. The reader calculates a distance 

between the bone fragments by determining a length based on the first delay and a length 

based on the second delay, and calculating the distance as a leg of a right triangle 

including the lengths. The reader can determine the distance between the transponders, 

25 which can be used to determine an overall length of a bone or limb, or a change in length 

occurring between the transponders.  

In some implementations, the interrogation signal is transmitted at each of a 

plurality of locations. The transmission of the interrogation signal can be performed by 
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an extracutaneous device while the extracutaneous device is moved relative to the first 

bone fragment and the second bone fragment.  

For each transmission of the interrogation signal, a corresponding first response 

signal from the first transponder and a corresponding second response signal from the 

5 second transponder are received. Calculating the distance between the bone fragments 

can include measuring delays between each transmission of the interrogation signal and 

detection of the corresponding first response signal and identifying a shortest delay of the 

measured delays. A related delay is also determined between the transmission of the 

interrogation signal that resulted in the shortest delay and detection of the corresponding 

10 second response signal. The distance between the bone fragments is calculated using the 

shortest delay and the related delay.  

The process 800 can also include accessing a stored distance, for example, a 

baseline distance between the transponders or a previous calculation of the distance. The 

reader determines a difference between the calculated distance and the stored distance, 

15 and indicates the difference on a user interface, for example, as a change in length of a 

bone.  

The process 800 can also include storing the calculated difference with a time or 

date that the measurement occurred. The method can also include determining that the 

calculated distance does not satisfy a threshold, and in response, providing an alarm 

20 indicating that the threshold is not satisfied.  

Implementations of the subject matter and the functional operations described in 

this specification, including the process 800, can be implemented in digital electronic 

circuitry, in tangibly-embodied computer software or firmware, in computer hardware, 

including the structures disclosed in this specification and their structural equivalents, or 

25 in combinations of one or more of them. Implementations of the subject matter described 

in this specification can be implemented as one or more computer programs, i.e., one or 

more modules of computer program instructions encoded on a tangible non-transitory 

computer readable medium for execution by, or to control the operation of, data 

processing apparatus. The computer readable medium can be a machine-readable storage 

30 device, a machine-readable storage substrate, a memory device, a composition of matter 
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effecting a machine-readable propagated signal, or a combination of one or more of them.  

The term "data processing apparatus" encompasses all apparatus, devices, and machines 

for processing data, including by way of example a programmable processor, a computer, 

5 or multiple processors or computers. The apparatus can include, in addition to hardware, 

code that creates an execution environment for the computer program in question, e.g., 

code that constitutes processor firmware, a protocol stack, an operating system, or a 

combination of one or more of them.  

A number of implementations and alternatives have been described. Nevertheless, 

10 it will be understood that various modifications may be made without departing from the 

spirit and scope of the disclosure. Accordingly, other implementations are within the scope 

of the disclosure.  

Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

15 "comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.  

The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

20 acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A system, comprising: 

a bone-lengthening device; 

a first transponder and a second transponder, the transponders being coupled to the 

5 bone-lengthening device and spaced apart from each other along a length of the bone

lengthening device, the transponders each being operable to transmit a radio-frequency 

signal in response to an interrogation signal; and 

a reader comprising 

a radio-frequency transceiver operable to transmit an interrogation signal 

10 and detect responsive signals from the first transponder and the second transponder, 

one or more processing devices, and 

one or more storage devices storing instructions that are operable, when 

executed by the one or more processing devices, to cause the one or more 

processing devices to perform operations including: 

15 causing the transceiver to transmit the interrogation signal and detect 

response signals from the first transponder and the second transponder, 

determining delays between the transmission of the interrogation 

signal and detection of the response signals from the first transponder and 

the second transponder, and 

20 determining a distance spanned by the transponders based on the 

delays.  

2. The system of claim 1, wherein the operations further comprise: 

accessing a stored distance, 

25 determining a difference between the distance and the stored distance, and 

indicating the difference on a user interface.  

3. The system of either one of claims 1 and 2, wherein the bone-lengthening device is 

a telescoping intramedullary nail.  

30 

4. The system of any one of claims 1 to 3, wherein the first transponder is a passive 

RFID tag and the second transponder is a passive RFID tag.  
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5. The system of any one of claims 1 to 4, wherein the bone lengthening device has a 

longitudinal axis, and the first transponder and the second transponder are attached to the 

bone-lengthening device at different locations spaced apart along the longitudinal axis of 

5 the bone-lengthening device.  

6. The system of any one of claims 1 to 5, wherein the reader is a cellular phone.  

7. The system of any one of claims 1 to 6, wherein the operations further comprise 

10 storing the distance in association with a time or date that the measurement occurred.  

8. The system of any one of claims 1 to 7, wherein the operations further comprise 

transmitting the distance to a server system.  

15 9. The system of any one of claims 1 to 8, wherein the operations further comprise: 

determining that the distance does not satisfy a threshold; and 

in response to determining that the distance does not satisfy the threshold, 

providing an alarm.  

20 10. The system of any one of claims 1 to 9, wherein determining the distance spanned 

by the transponders comprises determining a distance between bone fragments coupled to 

the bone-lengthening device.  

11. The system of any one of claims 1 to 10, wherein determining delays between the 

25 transmission of the interrogation signal and detection of the response signals from the first 

transponder and the second transponder comprises: 

determining a first delay between the transmission of the interrogation signal and 

detection of a first response signal transmitted by the first transponder in response to the 

interrogation signal; and 

30 determining a second delay between the transmission of the interrogation signal 

and detection of a second response signal transmitted by the second transponder in 

response to the interrogation signal.  
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12. The system of any one of claims 1 to 11, wherein determining the distance spanned 

by the transponders based on the delays comprises determining the distance using a length 

determined based on the first delay and a length determined based on the second delay.  

5 

13. The system of any one of claims 1 to 12, wherein: 

causing the transceiver to transmit the interrogation signal and detect the response 

signals from the first transponder and the second transponder comprises causing the 

transceiver to: 

10 transmit the interrogation signal at each of a plurality of locations; 

detect, for each transmission of the interrogation signal, a corresponding 

first response signal from the first transponder; and 

detect, for each transmission of the interrogation signal, a corresponding 

second response signal from the second transponder; 

15 determining delays between the transmission of the interrogation signal and 

detection of the response signals from the first transponder and the second 

transponder comprises: 

determining delays between each transmission of the interrogation signal 

and detection of the corresponding first response signal; 

20 identifying a shortest delay of the measured delays; and 

determining a related delay between the transmission of the interrogation 

signal that resulted in the shortest delay and detection of the corresponding second 

response signal; and 

determining the distance spanned by the transponders based on the delays 

25 comprises: 

determining the distance using the shortest delay and the related delay.  

14. The system of any one claims 1 to 13, wherein the reader is an extracutaneous 

device, and causing the transceiver to transmit the interrogation signal and detect the 

30 response signals from the first transponder and the second transponder comprises causing 

the reader to transmit the interrogation signal at each of a plurality of locations while the 

reader is moved relative to the first transponder and the second transponder.  
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15. A system, comprising: 

an external fixation device; 

a first transponder and a second transponder, the transponders being configured to 

5 be coupled to different bone fragments, the transponders each being operable to transmit a 

radio-frequency signal in response to an interrogation signal; and 

a reader comprising 

a radio-frequency transceiver operable to transmit an interrogation signal 

and detect responsive signals from the first transponder and the second transponder, 

10 one or more processing devices, and 

one or more storage devices storing instructions that are operable, when 

executed by the one or more processing devices, to cause the one or more 

processing devices to perform operations including: 

causing the transceiver to transmit the interrogation signal and detect 

15 response signals from the first transponder and the second transponder, 

determining delays between the transmission of the interrogation 

signal and detection of the response signals from the first transponder and 

the second transponder, and 

determining a distance spanned by the transponders based on the 

20 delays.  

16. A method, comprising: 

transmitting an interrogation signal; 

detecting a first signal transmitted in response to the interrogation signal, the first 

25 signal being transmitted by a first transponder arranged to move with a first bone fragment; 

detecting a second signal transmitted in response to the interrogation signal, the 

second signal being transmitted by a second transponder arranged to move with a second 

bone fragment; and 

determining a distance between the bone fragments using the detected signals.  

30 

17. The method of claim 16, wherein the first transponder is a passive RFID tag and 

the second transponder is a passive RFID tag.  
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18. The method of either one of claims 16 and 17, wherein the first transponder is 

located within the first bone fragment and the second transponder is located within the 

second bone fragment.  

5 

19. The method of any one of claims 16 to 18, wherein the first transponder and the 

second transponder are attached to a subcutaneous bone-lengthening device.  

20. The method of any one of claims 16 to 19, wherein determining the distance 

10 between the bone fragments using the detected signals comprises determining the distance 

based on (i) a first delay between transmitting the interrogation signal and detecting the 

first signal and (ii) a second delay between transmitting the interrogation signal and 

detecting the second signal.  

15 21. The method of claim 20, wherein determining the distance between the bone 

fragments using the detected signals comprises determining the distance using a length 

based on the first delay and a length based on the second delay.  

22. The method of claim 16, wherein: 

20 transmitting an interrogation signal comprises transmitting the interrogation signal 

at each of a plurality of locations; 

detecting a first signal transmitted in response to the interrogation signal comprises 

detecting, for each transmission of the interrogation signal, a corresponding first response 

signal from the first transponder; 

28
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detecting a second signal transmitted in response to the interrogation signal 

comprises detecting, for each transmission of the interrogation signal, a corresponding 

second response signal from the second transponder; 

determining the distance between the bone fragments using the detected signals 

5 comprises: 

measuring delays between each transmission of the interrogation signal 

and detection of the corresponding first response signal; 

identifying a shortest delay of the measured delays; 

determining a related delay between the transmission of the interrogation 

10 signal that resulted in the shortest delay and detection of the corresponding second 

response signal; and 

determining a distance between the bone fragments using the shortest 

delay and the related delay.  

15 23. The method of claim 22, wherein transmitting the interrogation signal at each of 

the plurality of locations is performed by an extracutaneous device while the 

extracutaneous device is moved relative to the first bone fragment and the second bone 

fragment.  

20 24. A method, comprising: 

increasing a distance between a first bone fragment and a second bone fragment, a 

first transponder being coupled to the first bone fragment and a second transponder being 

coupled to the second bone fragment; 

after increasing the distance, causing a device to periodically transmit a wireless 

25 interrogation signal; and 

while the device periodically transmits the wireless interrogation signal, moving 

the device relative to the first bone fragment and the second bone fragment such that, at 

each of a plurality of locations, the interrogation signal is received by the first 

transponder and the second transponder, and signals produced by the first transponder 

30 and the second transponder in response to the interrogation signal are detected by the 

device.  

29
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25. The method of claim 24, wherein increasing the distance comprises increasing the 

distance using an external fixation device.  

5 26. The method of either one of claims 24 and 25, wherein the device is a cellular 

phone.  

27. An apparatus comprising: 

a radio-frequency transceiver operable to transmit an interrogation signal and detect 

10 responsive signals from a first transponder and a second transponder when the first 

transponder and the second transponder are coupled to different fragments of a bone, 

one or more processing devices, and 

one or more storage devices storing instructions that are operable, when executed 

by the one or more processing devices, to cause the one or more processing devices to 

15 perform operations including: 

causing the transceiver to transmit the interrogation signal and detect 

response signals from the first transponder and the second transponder, 

determining delays between the transmission of the interrogation signal and 

detection of the response signals from the first transponder and the second 

20 transponder, and 

determining a change in a length of the bone based on the delays.  

28. The apparatus of claim 27, wherein the apparatus comprises a cellular phone.  

25 29. The apparatus of either one of claims 27 and 28, wherein the operations further 

comprise storing the change in the length of the bone in association with a time or date that 

the measurement occurred.  

30. The apparatus of any one of claims 27 to 29, wherein the operations further 

30 comprise transmitting the change in the length of the bone to a server system.  

31. The apparatus of any one of claims 27 to 30, wherein the operations further 

comprise: 

30
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determining that the change in the length of the bone does not satisfy a threshold; 

and 

in response to determining that the change in the length of the bone does not satisfy 

5 the threshold, providing an alarm.  

32. The apparatus of any one of claims 27 to 31, wherein determining delays between 

the transmission of the interrogation signal and detection of the response signals from the 

first transponder and the second transponder comprises: 

10 determining a first delay between the transmission of the interrogation signal and 

detection of a first response signal transmitted by the first transponder in response to the 

interrogation signal; and 

determining a second delay between the transmission of the interrogation signal 

and detection of a second response signal transmitted by the second transponder in 

15 response to the interrogation signal.  

33. The apparatus of claim 32, wherein determining the change in the length of the 

bone based on the delays comprises determining the change in the length of the bone using 

a length determined based on the first delay and a length determined based on the second 

20 delay.  

34. The apparatus of claim 27, wherein: 

causing the transceiver to transmit the interrogation signal and detect the response 

signals from the first transponder and the second transponder comprises causing the 

25 transceiver to: 

transmit the interrogation signal at each of a plurality of locations; 

detect, for each transmission of the interrogation signal, a corresponding first response 

signal from the first transponder; and 

detect, for each transmission of the interrogation signal, a corresponding 

30 second response signal from the second transponder; 
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determining delays between the transmission of the interrogation signal and 

detection of the response signals from the first transponder and the second transponder 

comprises: 

determining delays between each transmission of the interrogation signal 

5 and detection of the corresponding first response signal; 

identifying a shortest delay of the measured delays; and 

determining a related delay between the transmission of the interrogation 

signal that resulted in the shortest delay and detection of the corresponding second 

response signal; and 

10 determining the change in the length of the bone based on the delays comprises: 

determining the change in the length of the bone using the shortest delay 

and the related delay.  

35. The apparatus of claim 27, wherein: 

15 the apparatus is an extracutaneous device, and 

causing the transceiver to transmit the interrogation signal and detect the response 

signals from the first transponder and the second transponder comprises causing the 

apparatus to transmit the interrogation signal at each of a plurality of locations while the 

apparatus is moved relative to the first transponder and the second transponder.  

20 
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