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A system and method is provided for using dynamic ultra-
sonic imaging to analyze a subject’s carpal tunnel and gener-
ate risk factors indicative of the health of the subject’s sub-
synovial connective tissue and the subject’s risk of
developing carpal tunnel syndrome. The system and method
uses speckle imaging techniques to track dynamic structures
within the carpal tunnel and statistical analysis techniques to
compare the properties of these dynamic structures of the
subject to those of normal subjects and subjects having carpal
tunnel syndrome.
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SYSTEM AND METHOD FOR ANALYZING
CARPAL TUNNEL USING ULTRASOUND
IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims the benefit
of U.S. Provisional Patent Application Ser. No. 61/117,705,
filed Nov. 25, 2008, an entitled “System and Method for
Analyzing the Carpal Tunnel Using Ultrasound,” the content
of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to systems and meth-
ods ultrasonic imaging and, more particularly, to systems and
methods for analyzing the health of structures within a sub-
ject’s carpal tunnel using ultrasonic imaging methods.

BACKGROUND OF THE INVENTION

[0003] Carpal tunnel syndrome (CTS), which is a pressure
induced neuropathy of the median nerve at the wrist, is a
common clinical problem. The carpal tunnel is a sheath of
tough connective tissue that protects and encloses a variety of
structures, including the flexor tendons and the median nerve.
Also within the carpal tunnel is the subsynovial connective
tissue (SSCT), a specially adapted paratendon that mediates
movement between the flexor tendons and the median nerve.
The mechanical significance of the SSCT relates to its effect
on the kinematics within the carpal tunnel and, as a frame-
work for blood and lymph vessels, the SSCT plays a funda-
mental role in the nutrition of the structures embedded in it.
[0004] Studies have shown that SSCT motion characteris-
tics and thickness differ between subjects with CTS and unaf-
fected subjects. It is believed that an increased volume of the
SSCT, especially if combined with altered transmission of
tendon forces through the SSCT in the carpal tunnel, affects
carpal tunnel pressure and therefore increases the likelihood
of CTS.

[0005] Diagnostic ultrasonography has previously been
used in confirming the diagnosis of CTS and in excluding
other pathologies. Specifically, ultrasonography has been
used to diagnose CTS, based on static images of nerve mor-
phology. Static ultrasound imaging for CTS diagnosis can
detect thickening and echogenicity alteration of the flexor
tendons and flexor retinaculum, restricted median nerve slid-
ing in the carpal tunnel, synovial proliferation, and flattening
of the median nerve. However, static ultrasound imaging
cannot assess dynamic features within the carpal tunnel, for
example, tendon mechanics and pathomechanics. Thus,
dynamic observations of the SSCT have traditionally
required surgical exposure of the carpal tunnel and are not
useful for the assessment of early changes in the SSCT in
individuals affected by, or at risk for, CTS.

[0006] There are a number of modes in which ultrasound
can be used to produce images of objects. For example in
static, “B-scan,” ultrasound imaging, the transducer transmits
a series of ultrasonic pulses as it is scanned across the object
along a single axis of motion. The resulting echo signals are
recorded and their amplitude is used to modulate the bright-
ness of pixels on a display. The location of the transducer and
the time delay of the received echo signals locates the pixels
to be illuminated. With this static method, enough data are
acquired from which a two-dimensional image of the refrac-
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tors can be reconstructed. Rather than physically moving the
transducer over the subject to perform a scan it is more com-
mon to employ an array of transducer elements and electroni-
cally move an ultrasonic beam over a region in the subject.
[0007] Another example is Doppler ultrasound imaging.
Doppler systems employ an ultrasonic beam to measure the
velocity of moving reflectors, such as flowing blood cells.
Blood velocity is detected by measuring the Doppler shifts in
frequency imparted to ultrasound by reflection from moving
red blood cells. Accuracy in detecting the Doppler shift at a
particular point in the bloodstream depends on defining a
small sample volume at the required location and then pro-
cessing the echoes to extract the Doppler shifted frequencies.
[0008] A Doppler system is incorporated in a real time
scanning imaging system. The system provides electronic
steering and focusing of a single acoustic beam and enables
small volumes to be illuminated anywhere in the field of view
of the instrument, whose locations can be visually identified
on a two-dimensional B-scan image. A Fourier transform
processor faithfully computes the Doppler spectrum back-
scattered from the sampled volumes, and by averaging the
spectral components the mean frequency shift can be
obtained. Typically the calculated blood velocity is used to
color code pixels in the B-scan image.

[0009] Doppler imaging has been attempted to be used for
assessing tendon velocity and excursion for hand and wrist
motions. However, tissue Doppler imaging is a one-dimen-
sional method that can only quantify the axial component of
motion in an angle dependent manner. Doppler measure-
ments lose its validity when the angle between the ultrasonic
beam and the tissue exceeds a certain range. As a result, static
ultrasonography and tissue Doppler imaging cannot
adequately assess the condition of the SSCT and a subject’s
risk of developing CTS.

[0010] It would therefore be desirable to develop a system
and method for non-invasively analyzing the carpal tunnel,
and the SSCT in particular, that could be used to generate risk
factors indicative of a subject’s risk of developing carpel
tunnel syndrome or SSCT damage.

SUMMARY OF THE INVENTION

[0011] The present invention overcomes the aforemen-
tioned drawbacks by providing a system and method for
analyzing the health of a subject’s carpal tunnel without inva-
sive analysis. Specifically, the present invention provides a
system and method for performing ultrasound analysis of a
subject’s carpal tunnel by arranging a subject within an
examination apparatus, acquiring a plurality of time series of
ultrasound images of the subject’s carpal tunnel as the subject
performs a series of tasks controlled by the examination appa-
ratus and performing speckle tracking on the time series of
ultrasound images. The speckle tracking is then analyzed to
determine a plurality of functional parameters of the subject
and statistical analysis is performed to compare the functional
parameters of the subject to a priori functional parameters
from normal subjects and subjects having carpal tunnel syn-
drome. Thereby, risk factors indicative of the subject’s risk of
developing carpal tunnel syndrome or subsynovial connec-
tive tissue damage are generated.

[0012] In accordance with one aspect of the invention, a
system is provided for generating a report indicating a sub-
ject’s risk for developing a disorder of a carpal tunnel. The
system includes an examination apparatus configured to con-
trol motion of the subject through a predetermined set of
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motions, an ultrasound transducer arranged proximate to the
subject’s carpel tunnel to acquire a time series of medical
imaging dataof aregion of interestincluding at least a portion
of the subject’s carpel tunnel, and a processor configured to
receive the time series of medial imaging data. The processor
includes instructions configured to cause the processor to
carry out the steps of generating a time series of images from
the time series of medial imaging data and receiving an indi-
cation of anatomical features within the time series of medi-
cal images. The processor also carries out the steps of ana-
lyzing the time series of medical images to determine indicia
of acoustic signals arising from coherent reflection of ultra-
sound waves generated by the transducer from predetermined
features within the region of interest and track the determined
indicia across the time series of medical images. Also, the
processor carries out the steps of determining a pattern of
motion of the determined indicia across the time series of
medical images, generating a series of functional parameters
characterizing pattern of motion of the determined indicia
across the time series of medical images, and, using the series
of functional parameters, generating a report indicating the
subject’s risk of developing at least one of carpel tunnel
syndrome (CTS) and subsynovial connective tissue (SSCT)
damage.

[0013] Various other features of the present invention will
be made apparent from the following detailed description and
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram of an ultrasonic imaging
system configured to employs the present invention;

[0015] FIG.2is ablock diagram of a transmitter that forms
part of the system of FIG. 1;

[0016] FIG. 3 is a block diagram of a receiver that forms
part of the system of FIG. 1,

[0017] FIG. 4 is a flowchart setting forth the steps of a
method for generating risk factors indicative of a subject’s
risk of developing CTS or SSCT damage using an ultrasonic
imaging system in accordance with the present invention;
[0018] FIG.5isaperspective view of an examination appa-
ratus for use with the ultrasonic imaging system of FIG. 1in
accordance with the present invention; and

[0019] FIG. 6 is an exemplary image showing the tracking
of features within the carpal tunnel using methods in accor-
dance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] Referring to FIG. 1, an ultrasonic imaging system
includes a transducer array 11 comprised of a plurality of
separately driven elements 12 which each produce a burst of
ultrasonic energy when energized by a pulse produced by a
transmitter 13. The ultrasonic energy reflected back to the
transducer array 11 from the subject under study is converted
1o an electrical signal by each transducer element 12 and
applied separately to a receiver 14 through a set of switches
15. The transmitter 13, receiver 14 and the switches 15 are
operated under the control of a digital controller 16 respon-
sive to the commands input by the human operator. A com-
plete scan is performed by acquiring a series of echoes in
which the switches 15 are set to their transmit position, the
transmitter 13 is gated on momentarily to energize each trans-
ducer element 12, the switches 15 are then set to their receive
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position, and the subsequent echo signals produced by each
transducer element 12 are applied to the receiver 14. The
separate echo signals from each transducer element 12 are
combined in the receiver 14 to produce a single echo signal
which is employed to produce a line in an image on a display
system 17.

[0021] The display system 17 receives the series of data
points produced by the receiver 14 and converts the data to a
form producing the desired image. For example, if an A-scan
is desired, the magnitude of the series of data points is merely
graphed as a function of time. If a B-scan is desired, each data
point in the series is used to control the brightness of a pixel
in the image, and a scan comprised of a series of measure-
ments at successive locations along the length of the trans-
ducer 11 (linear array mode) or steering angles (PASS mode)
is performed to provide the data necessary for display.
[0022] Referring particularly to FIG. 2, the transmitter 13
includes a set of channel pulse code memories which are
indicated collectively at 50. Each pulse code memory 50
stores a bit pattern 51 that determines the frequency of the
ultrasonic pulse 52 that is to be produced. This bit pattern is
read out of each pulse code memory 50 by a master clock and
applied to a driver 53 which amplifies the signal to a power
level suitable for driving the transducer 11. In the example
shown in FIG. 2, the bit pattern is a sequence of four “1” bits
alternated with four “0” bits to produce a 5§ MHz ultrasonic
pulse 52. The transducer elements 11 to which these ultra-
sonic pulses 52 are applied respond by producing ultrasonic
energy.

[0023] As indicated above, to steer the transmitted beam of
the ultrasonic energy in the desired manner, the pulses 52 for
each of the N channels must be produced and delayed by the
proper amount. These delays are provided by a transmit con-
trol 54 which receives control signals from the digital con-
troller 16 of FIG. 1. When the control signal is received, the
transmit control 54 gates a clock signal through to the first
transmit channel 50. At each successive delay time interval
thereafter, the clock signal is gated through to the next chan-
nel pulse code memory 50 until all the channels to be ener-
gized are producing their ultrasonic pulses 52. Each transmit
channel 50 is reset after its entire bit pattern 51 has been
transmitted and the transmitter 13 then waits for the next
control signal from the digital controller 16.

[0024] Referring particularly to FIG. 3, the receiver 14 is
includes three primary sections including a time-gain control
section 100, abeam forming section 101, and a mid processor
102. The time-gain control section 100 includes an amplifier
105 for each of the N receiver channels and a time-gain
control circuit 106. The input of each amplifier 105 is con-
nected to a respective one of the transducer elements 12 to
receive and amplify the echo signal which it receives. The
amount of amplification provided by the amplifiers 105 is
controlled through a control line 107 that is driven by the
time-gain control circuit 106. As is well known in the art, as
the range of the echo signal increases, its amplitude is dimin-
ished. Asaresult, unless the echo signal emanating from more
distant reflectors is amplified more than the echo signal from
nearby reflectors, the brightness of the image diminishes
rapidly as a function of range (R). This amplification is con-
trolled by the operator who manually sets TGC linear poten-
tiometers 108 to values which provide a relatively uniform
brightness over the entire range of the scan. The time interval
over which the echo signal is acquired determines the range
from which it emanates, and this time interval is divided into
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segments by the TGC control circuit 106. The settings of the
potentiometers are employed to set the gain of the amplifiers
105 during each of the respective time intervals so that the
echo signal is amplified in ever increasing amounts over the
acquisition time interval.

[0025] The beam forming section 101 of the receiver 14
includes N separate receiver channels 110. Each receiver
channel 110 receives the analog echo signal from one of the
TGC amplifiers 105 at an input 111, and it produces a stream
of digitized output values on an I bus 112 and a Q bus 113.
Each of these I and Q values represents a sample of the echo
signal envelope at a specific range (R). These samples have
been delayed in the manner described above such that when
they are summed at summing points 114 and 115 with the I
and Q samples from each of the other receiver channels 110,
they indicate the magnitude and phase of the echo signal
reflected from a point P located at range R on the ultrasonic
beam.

[0026] Referring still to FIG. 3, the mid processor section
102 receives the beam samples from the summing points 114
and 115. The I and Q values of each beam sample is a digital
number which represents the in-phase and quadrature com-
ponents of the magnitude of the reflected sound from a point
P. The mid processor 102 can perform a variety of calcula-
tions on these beam samples, where choice is determined by
the type of image to be reconstructed. For example, if a
conventional magnitude image is to be produced, a detection
process indicated at 120 is implemented in which a digital
magnitude M is calculated from each beam sample and output
at121.

M=V L+0,

[0027] The detection process 120 may also implement cor-
rection methods, for example, such as that disclosed in U.S.
Pat. No. 4,835,689. Such correction methods examine the
received beam samples and calculate corrective values that
can be used in subsequent measurements by the transmitter
13 and receiver 14 to improve beam focusing and steering.
Such corrections are desirable, for example, to account for the
non-homogeneity of the media through which the sound from
each transducer element travels during a scan.

[0028] The mid processor may also include a Doppler pro-
cessor 122. Such Doppler processors often employ the phase
information (¢) contained in each beam sample to determine
the velocity of reflecting objects along the direction of the
beam (i.e. direction from the transducer 11), where ¢=tan™"
1Q).

[0029] The mid processor may also include a correlation
flow processor 123, such as that described in U.S. Pat. No.
4,587,973, issued May 13, 1986 and entitled “Ultrasonic
Method Can Means For Measuring Blood Flow And The Like
Using Autocorrelation”. Such methods measure the motion
of reflectors by following the shift in their position between
successive ultrasonic pulse measurements.

[0030] As appreciated by one of ordinary skill, the above-
described system can be used to perform a number of imaging
studies. In accordance with the present invention, the system
may be designated to analyze the tissues of the carpal tunnel
and generate risk factors indicative of a subject’s risk of
developing CTS or SSCT damage.

[0031] Referring to FIGS. 4 and 5, a general method for
ultrasound analysis of CTS risk factors starts and, at process
block 500, a subject 600 is prepared for scanning. Specifi-
cally, the forearm of the subject is fasted to an examination
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apparatus, indicated generally at 602, and the transducer head
of an ultrasound probe 604 is placed just proximal to the
subject’s wrist flexion crease and its position is maintained by
an ultrasound holding mechanism 606 that is included in the
examination apparatus 600. The examination apparatus 600
further includes objects, for example, a gripping devices 608,
which may, as illustrated, be a series of acrylic tubes having
varying diameters, that a subject manipulates to perform a
task, for example, flexing and extending the wrist to grip and
release the varying tubes. The examination apparatus 602 is
designed to permit desired motion of the subject but restrict
undesired motion. It is contemplated that the subject may be
trained to perform these tasks repeatedly and consistently,
such as using a metronome marking a beat, for example, 0.80
Hz, for flexion and extension.

[0032] Referring still to FIG. 4, at process block 502, a time
series of ultrasound images is acquired at a specified acqui-
sition rate as the subject performs a task. For example, an
ultrasound image may be acquired seventy times each sec-
ond, providing a 70 Hz image acquisition rate. The tasks
generally involve manipulating an object so as to cause flex-
ion and extension of the structures within the carpal tunnel. To
improve results and account for any abnormal subject motion,
it is contemplated that the subject may repeat the task at least
three times while a time series of ultrasound images is
acquired. Itis further contemplated that imaging is performed
using an ultrasound scanner equipped with a 1518 linear
array transducer set to a depth of 20 mm witha 14 MHz image
acquisition frequency. At process block 506, the examination
apparatus, and the subject’s position within the apparatus, are
changed so the subject may perform additional tasks. For
example, if the subject is flexing and extending their wrist
around an acrylic tube, the acrylic tube may be removed from
the examination apparatus and replaced with an acrylic tube
having a different diameter. This step may further include
repositioning the subject within the examination apparatus to
allow ultrasound imaging to be performed on the other fore-
arm. At process block 502, the subject performs the new task
while atime series of ultrasound images is acquired. The steps
in process block 502 and 506 are repeated until, at decision
block 504, it is decided that an appropriate number of tasks
and ultrasound scans have been performed.

[0033] At process block 508, the acquired ultrasound data
is preprocessed. Processing includes image compression,
truncating the time series of ultrasound images so that only
relevant time frames remain, and altering the frame rate of the
time series as it is recorded to a computer system. For
example, the image acquisition frame rate may be at 70 Hz.
However, when operating the ultrasound machine in ‘cine’
function, where the frames for the previous few seconds are
stored in cine memory, regularly, the play speed is slowed
down to 37 percent of its original speed. This is because, if the
cine images were saved without reduction of the play speed,
some of the frames will be truncated during the image saving
process. To minimize the flame reduction, the play speed 1s,
thus, slowed down to 37 percent of its original speed.

[0034] Referring to FIGS. 4 and 6, speckle tracking is per-
formed on the processed time series of ultrasound images at
process block 510. Speckle tracking is an angle-independent,
two-dimensional dynamic ultrasonic imaging technique that
analyzes the motion of a tissue by tracking speckles, which
are acoustic signals that arise from the coherent reflection of
ultrasound waves off small features, for example, very small
cells, in asubject. Speckles are tracked from frame to frame in
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a time series of ultrasound images with an optimized pattern-
matching algorithm, allowing the analysis of dynamic fea-
tures, for example, the motion of fluid and tissues, by recon-
structing the deformation and motion of the speckles.

[0035] Anatomical features within the carpel tunnel are
tracked by placing tracking markers 700 on speckles within
portions of the image containing structures of interest, for
example, the flexor digitorum superficialis (FDS) and the
SSCT. Itis contemplated that three markers may be placed on
the FDS tendon tissue speckles, perpendicular to the direction
of tendon motion, with a distance between the two furthest
markers of one millimeter. The SSCT, a highly echogenic
layer at the border of the tendon, is normally thinner than 1
mm and may be tracked by placing markers at the following
locations: one at the border between the tendon and the highly
echogenic layer; one within the highly echogenic layer; and
one at the outer border of the highly echogenic layer. These
markers define what is considered a representative segment of
the SSCT. Following placement of the markers, speckle
tracking software implements a desired optimized pattern-
matching algorithm to track the areas bounded by the applied
markers. For example, the paths 702 show the motion of the
tracking markers 700 through the course of a time series of
ultrasound images.

[0036] Atprocess block 512, the results of speckle tracking
are analyzed and a series of functional parameters character-
izing the motion of the tracked structures are generated.
Speckle tracking should show a clear difference in the direc-
tion of motion of structures within the carpal tunnel between
periods of flexion and periods of extension. Therefore, track-
ing points that most strongly display this difference are
selected and analyzed to generate a series of functional
parameters characterizing the motion of the tracked struc-
tures. For example, velocity and strain time series, may be
calculated for the FDS and SSCT. From these time series, the
maximum velocities and excursions of the FDS and SSCT
may be calculated. Additional functional parameters, such as
the maximum velocity ratio, which is the ratio of the SSCT
maximum velocity relative to the FDS maximum velocity,
and the shear index may be generated. The shear index, which
represent SSCT displacement relative to FDS displacement,
may be calculated by the following equation:

Shear index=[(Excursion ¢~ Excursion g7/ (Excur-
810N zps) [*100 percent

[0037] Still referring to FIG. 4, following the generation of
the functional parameters statistical analysis is performed at
process block 514. The statistical analysis compares the func-
tional parameters acquired from a subject to a priori func-
tional parameters obtained from normal subjects and subjects
having CTS. At process block 516, the results of the statistical
analysis are used to generate risk factors indicative of a sub-
ject’s risk of developing CTS or SSCT damage. The motion
patterns of the SSCT relative to the flexor tendon are known
to be different in CTS patient compared to normal subject.
This suggests shear condition of the SSCT may be different
between CTS patients and normal subjects. By analyzing the
difference in the relative motion of SSCT, subjects with a
predisposition for CTS, for example, subjects having a nor-
mal median nerve but a structurally abnormal SSCT can be
identified.

[0038] Thepresent invention has been described in terms of
one or more preferred embodiments, and it should be appre-
ciated that many equivalents, alternatives, variations, and
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modifications, aside from those expressly stated, are possible
and within the scope of the invention.

1. A system for generating a report indicating a subject’s
risk for developing a disorder of a carpal tunnel, the system
comprising:

an examination apparatus configured to control motion of

the subject through a predetermined set of motions;

an ultrasound transducer arranged proximate to the sub-

ject’s carpel tunnel to acquire a time series of medical

imaging data of a region of interest including at least a

portion of the subject’s carpel tunnel; and

a processor configured to receive the time series of medial

imaging data and having instructions configured to

cause the processor to: carry out the steps of’

i) generating a time series of images from the time series
of medial imaging data;

i1) receiving an indication of anatomical features within
the time series of medical images;

i) analyzing the time series of medical images to deter-
mine indicia of acoustic signals arising from coherent
reflection of ultrasound waves generated by the trans-
ducer from predetermined features within the region
of interest and track the determined indicia across the
time series of medical images;

iv) determining a pattern of motion of the determined
indicia across the time series of medical images;

v) generating a series of functional parameters charac-
terizing pattern of motion of the determined indicia
across the time series of medical images; and

vi) using the series of functional parameters, generating
a report indicating the subject’s risk of developing at
least one of carpel tunnel syndrome (CTS) and sub-
synovial connective tissue (SSCT) damage.

2. The system of claim 1 wherein the functional parameters
includes motion of fluid and tissues in the region of interest
and step v) includes reconstructing deformation and motion
of the determined indicia.

3. The system of claim 1 wherein the anatomical features
include a flexor digitorum superficialis (FDS) and the SSCT.

4. The system of claim 3 wherein step ii) includes receiving
a plurality of markers placed on tendon tissue speckles of the
FDS, perpendicular to the direction of tendon motion, with a
distance between the two furthest markers of one millimeter.

5. The system of claim 3 wherein step i1) includes receiving
a plurality of markers placed on the SSCT at a plurality of
positions including a border between a tendon and a highly
echogenic layer, within the highly echogenic layer, and an
outer border of the highly echogenic layer.

6. The system of claim 3 wherein the functional parameters
include velocity, maximum velocity, maximum velocity
ratio, strain, excursions, and shear index for the FDS and
SSCT.

7. The system of claim 6 wherein The shear index, repre-
sents SSCT displacement relative to FDS displacement, and
is calculated using the following equation:

Shear index=[(Excursion z,s- Excursiongg )/ (Excur-
8101 775)]# 100 percent.

8. The system of claim 1 wherein step vi) includes com-
paring the calculated functional parameters to a priori func-
tional parameters acquired from normal subjects and subjects
known to have CTS.
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9. The system of claim 8 wherein the comparing includes
performing a statistical analysis to generate the risk factors
indicative of risk of developing at least one of CTS and SSCT
damage.
10. The system of claim 1 wherein the examination appa-
ratus includes a gripping device and wherein predetermined
set of motions includes flexing and extending a wrist of the
subject to grip and release the gripping device.
11. The system of claim 10 wherein the gripping device is
configured to be interchangeable with a variety of gripping
devices having varying physical and operational parameters.
12. A method for analyzing the health of a subject’s carpal
tunnel using an ultrasonographic imaging system, the method
comprising:
a) arranging a subject within an examination apparatus;
b) acquiring a plurality of time series of ultrasound images
of the subject’s carpal tunnel as the subject performs a
series of tasks controlled by the examination apparatus;

¢) performing speckle tracking on the time series of ultra-
sound images;

d) analyzing the speckle tracking to determine a plurality

of functional parameters of the subject;

Sep. 29, 2011

e) performing statistical analysis to compare the functional
parameters of the subject with a priori functional param-
eters from normal subjects and subjects having carpal
tunnel syndrome; and

f) generating risk factors indicative of the subject’s risk of
developing carpal tunnel syndrome (CTS) or subsyn-
ovial connective tissue (SSCT) damage based on the
comparison performed in step ¢).

13. The method of claim 12 wherein step a) further includes
at least one of disposing the subject’s wrist within the exami-
nation apparatus to allow the subject to manipulate the exami-
nation apparatus to form a task.

14. The method of claim 12 wherein step ¢) further includes
tracking the flexor digitorum supetficialis (FDS) and the
SSCT.

15. The method of claim 12 wherein step d) further
includes determining a maximum velocity and maximum
velocity ratio of the FDS and the SSCT, excursions of FDS
and SSCT, and a shear index representing the SSCT excursion
relative to the FDS excursion.
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