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(57) ABSTRACT 

A system and method for determining back muscle dysfunc 
tion comprises data collection and data analysis elements. 
The system collects electrical muscle activity measurements 
by applying a plurality of electrodes in a pattern across a 
patient’s or test subject’s back, measuring the electrical 
activity at each of the electrodes and storing the measure 
ments. One or more normative or examined patient data 
bases comprising measurements and results from a number 
of individuals are used for comparison against the patient’s 
measurements. A patient’s back muscle activity is charac 
teriZed by collecting electrical muscle activity measure 
ments for the patient and comparing an analysis of the 
patient’s electrical muscle activity to the results of the 
normative or previously examined group. 
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LET M BETHE TOTAL NUMBER OF MOTOR TASKS USED IN MPR. 
LET (m) INDEX THESE MOTOR TASKS. Im=1 TO M) I 764 . 

LETCBE THE TOTAL NUMBER OF MUSCLES EVALUATED INMPR. 
LET (c) INDEXTHESE MUSCLES. (c=1 T0 0) ' 

LET Em,c,BE THE EMG VALUE FOR MUSCLE (c) m MOTOR TASK (m). 

LET Rm, 0, i BE THE VALUE RATIO (I) OF MUSCLE (c) IN MOTOR TASK (m). 
LET (k=I TO C) SUCH THAT (k) NEVER EOUALS (c), AND (k) CHANGES WITH (I) 

(0.9., i=1, k=1; i=2, k=2; i=0, k,=c+1; i=C-1, k=C). 
THE Rm, 0, i = Em, c/Emk 

LET (i) INDEX THE EMG RATIOS FOR EACH MUSCLE (0) IN EACH MOTOR TASK (m). (i=1 TO C-I) ' 

I 
' CALCULATE THE LOGARITHMIC TRANSFORMATION OF EACH RATIO VALUE Rm, 0, I. 

A768 LET Rm, c, i NOW REFER TO THIS LOGGED RATIO VALUE FROM HERE FORWARD. 

I 

FOR EACH LOGGED RATIO, Rm, (2, i IN THE NORMATWE DATABASE: ' I 
LET Rm, 0, I,- BE THE RATIO VALUE REPRESENTED BY THE 25TH PERCENTILE. _ _ A170 
LET Rm, 0, i,.+ BE THE RATIO VALUE REPRESENTED BY THE 97.5TH PERCENTILE. 

‘ . 

FOR EACH LOGGED RATIO, Rm, 0, i, DETERMINE THE DIRECTION OF ABERRANCE: 
LEI Hm, c,iBE THE DIRECTION OFABERRANCE FOR THE LOGGED RATIO Rm, c, i. 
IF [Rm, 0, i-Rm,c, I, -1< [Rm,c, i-'Rm,c, 1, +1, Hm, c, i = HYPOACTIVE, (a.k.a., mp0). 

IF [Rm, c, i - Rm, c, i, I > IRm, c, i - Rm, 0, a, +1, Hm, c, i = HYPERACTIVE, (m, HYPER). 
IF THE DIFFERENCES ARE EQUALTHE RATIO HAS NO DIRECTION AND HENCE N0 ABERRANCE. 

A772 
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DERIVE Pm, c, I THE PROBABILITY OF ABERRANCE FOR EACH RATIO VALUE Rm, 0, i, 
USING THE RATIO'S PROXIMITY TO Rm, c, I, - (IF Hm, c, i= HYPOI 0R Rm, 0, i, + (IF Hm, c, i = HYPER), A] 74 

AND THE RETEST VARIABILITY FOR THE EMG ACQUISITION SYSTEM 

DERIVE Bm, c, i, A WEIGHTED VALUE FOR EACH RATIO Rm, 0, i, ' I 6 
USING THE PREDETERMINED BIOMECHANICAL SIGNIFICANCE OF THE RATIO ' 

DERIVE Wm, c, A WEIGHTED VALUE, USING THE PREDETERMINED BIOMECHANICAL SIGNIFICANCE 78 . 
OF EACH MOTOR TASK (m) IN ASSESSING THE ABNORMAL RECRUITMENT OF EACH MUSCLE (c) 

DERIVE Am, 0, i, THE WEIGHTED DEVIATION FROM THE MPR IDEAL NORMAL FOR EACH RATIO Rm, 0, I, 780 
USING Pm, c, i, Bm, c, i, AND Wm, c DERIVED ABOVE ' - 

DERIVE Am, c AND Hm, 0, THE WEIGHTED DEVIATION FROM NORMAL AND THE DIRECTION OF 
DEVIATION RESPECTIVELY, FOR EACH MUSCLE (0) IN EACH MOTOR TASK (m): 

LET Am, c, + EQUAL THE SUM OF ALL Am, 0, I WHERE Hm, c, i IS HYPER. ' 
LET Am, c, - EQUAL THE SUM OF ALL Am, 0, I WHERE Hm, c, i IS HYPO. 782 _ 

IF Am, 0, + > Am, c, - THEN MUSCLE (c) IS HYPERACTIVE IN MOTOR TASK (m): ' 
SET Am, 0 = Am,c,+. SET Hm, c = HYPER ' > 

IF Am, 0, + < Am, 0, - THEN MUSCLE (c) IS HYPOACTIVE IN MOTOR'TASK (m): 
SET Am, 0 = Am,c, -. SET Hm, c = HYPO ' ' 

FIG. 15B 
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DERIVE Ac AND Hc, THE WEIGHTED DEVIATION FROM NORMAL AND THE DIRECTION OF DEVIATION 
RESPECTIVELY, FOR EACH MUSCLE (c) OVER THE ENTIRE MPR EVALUATION: I 

LET Ac, + EQUAL THE SUM OF ALL Am,-c WHERE Hm, 0 IS HYPER. 
LET Ac,_- EQUAL THE SUM OF ALL Am, c WHERE Hm, 0 IS HYPO. 

IF Ac, + > Ac, - THEN MUSCLE (0) IS HYPERACTIVE OVERALL: SET Ac = Ac. +. SET Hc = HYPER. 
IF Ac, + < Ac, --THEN MUSCLE (0) IS HYPOACTIVE OVERALL: SET Ac = AC, -. SET H0 = HYPO. 

6784 

NORMALIZE THE Ac FOR EACH MUSCLE USING A NORMALIZATION FUNCTION DERIVED FROM THE 
NORMATIVE DATABASE TO YIELD AN IMPAIRMENT INDEX, Ic, FOR EACH MUSCLE. BY VIRTUE OF 

THIS NORMALIZATION FUNCTION, THE IMPAIRMENT INDEX IS A QUANTITY COMPARABLE BETWEEN 
' DIFFERENT MUSCLES AND BETWEEN DIFFERENT PATIENTS. ’ 

. DISPLAY THE IMPAIRMENT INDEX (Ic) AND THE OVERALLDIRECTION (Hc) FOR EACH MUSCLE 
IN THE MPR REPORT. IHE IMPAIRMENT INDEX OF EACH MUSCLE REPRESENTS THE 

OVERALL DEGREE OF DEPARTURE FROM THE MPR IDEAL NORMAL. 
A788 

FIG. 15C 
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SYSTEM AND METHOD FOR DETERMINING 
MUSCLE DYSFUNCTION 

[0001] The present invention relates generally to the ?eld 
of muscle performance evaluation systems. More particu 
larly, the present invention relates to the ?eld of determining 
back muscle dysfunction. 

BACKGROUND OF THE INVENTION 

[0002] One method of analyzing the state of a muscle is to 
collect measurements of electrical signals associated With 
the activity of that muscle. This type of measurement is 
knoWn as electromyographic (EMG) measurement, and it 
may be performed using either invasive (percutaneous) or 
non-invasive techniques. EMG measurements have been 
used in a number of different medical applications including 
the treatment and possible diagnosis of loWer back pain. 

[0003] While percutaneous EMG techniques have been 
accepted in medicine as accurate for measuring the electrical 
activity of an underlying muscle, their use is often undesir 
able or unacceptable. That is, percutaneous EMG techniques 
require additional materials and expertise, and they present 
risks not found With non-invasive techniques. 

[0004] Alternatively, evaluating muscle activity using 
non-invasive or surface EMG (sEMG) measurements has 
attracted interest from scientists and medical practitioners 
for the last 30 years With its promise as an objective, painless 
muscle measurement technique. 

[0005] Measurements of surface electrical activity, or any 
other clinical measurement, must meet several objectives 
and criteria relating to reliability in order to be considered 
useful for providing diagnostic or evaluative information. 
For example, the electrical activity signal measured should 
be objectively de?ned and reproducible. The information 
obtained should meet a need that is best met by making 
surface EMG measurements. Further, the information 
should be usable and easily interpreted by the level of skill 
of practitioners for Which it is intended. Finally, the process 
should be cost-effective and have universal application as 
either an assessment or therapeutic system or both. 

[0006] To meet these objectives, the evaluation system 
should reliably differentiate betWeen healthy, normal, pain 
free subjects and subjects With muscle disorders. The evalu 
ation system should also report results With an extremely 
high level of statistical certainty. 

[0007] Of the many possible applications for surface EMG 
measurement, back function evaluation is one of the most 
suitable. A relatively large percentage of the population 
experiences back pain that could be attributed to soft tissue 
damage, i.e., muscle dysfunction. Traditional evaluation 
techniques have not been effective at objectively determin 
ing muscle dysfunction responsible for such pain. 

[0008] Typical clinical evaluation techniques have relied 
upon subjective evaluations by the patient to determine the 
nature of the dysfunction. That is, the patient is usually 
asked to perform certain motions, and depending upon the 
patient’s ability to perform these motions Within subjective 
pain parameters, a diagnosis is made. 

[0009] Further, from an economic standpoint, a large 
percentage of insurance claims are made by individuals 
claiming to have muscle back pain. Because of the subjec 
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tive nature of the testing, these claims usually cannot be 
objectively veri?ed. Accordingly, there is a large potential 
for fraudulent claims being ?led at a substantial cost to 
insurance companies, and ultimately, the consuming public. 

[0010] Amuscle assessment system should be a capable of 
making signi?cant comparisons of any given patient to a 
normative group. Because of the comparative nature of the 
assessment process, the importance of having an evaluation 
system capable of producing reproducible data becomes 
paramount. 

[0011] In the past, studies that have attempted to achieve 
reproducibility, or to minimiZe the variation in data, used the 
maximum voluntary contraction (MVC) method of normal 
iZation. This technique requires high levels of muscle acti 
vation, causing the engagement of fast-tWitch motor units 
not ordinarily activated in normal movements. That is, these 
studies compare the measured muscle activity during evalu 
ation to an MVC. 

[0012] In normal muscle, the sloW-tWitch motor units 
produce most of their fused tension before fast-tWitch motor 
units begin to add to muscle force. The addition of fast 
tWitch motor units in MVC causes a disproportionate 
increase in the sEMG. The inclusion of fast-tWitch motor 
units, Which are seldom used in everyday functioning, 
occurs With the MVC condition and in?uences the anatomi 
cal distribution and force-voltage relationship of EMG data. 
Moreover, MVC runs the risk of exacerbating pain and 
doing further damage to dysfunctional muscles. 

[0013] Clinical use of sEMG has failed to produce a 
suf?ciently objective evaluation of muscle health. In much 
of the literature relating to back muscle evaluation, equiva 
lence is sought betWeen EMG resting levels and painful 
muscles or back pain in general. HoWever, static resting 
measurements are greatly in?uenced by small postural 
adjustment that cannot be adequately controlled. Accord 
ingly, the postural and instrumental error can become so 
large so as to obscure useful information. 

[0014] Accordingly, a need exists for a system and method 
that correctly characteriZes muscle dysfunction With a high 
degree of reproducibility. Further, such a system and method 
should alloW for normaliZation of data using normally 
activated muscle values. 

[0015] US. Pat. No. 5,502,208, entitled “Method for 
Determining Muscle Dysfunction,” issued to Toomin et al. 
(“the ’208 patent”) and incorporated herein by reference, 
discloses a method and system that seeks to achieve the 
above objectives. HoWever, the method and system dis 
closed in the ’208 patent features several disadvantages. 

[0016] The method disclosed in the ’208 patent employs a 
process that discretely quanti?es all of the data elements 
under analysis. One disadvantage of this method is that it 
cannot account for data that falls short of subjectively 
predetermined cutoff points, regardless of the proximity to 
those cutoff points or the consistency of the data that falls 
beneath a cutoff point. 

[0017] For example, the method disclosed in the ’208 
patent Would be indifferent to the folloWing hypothetical 
case: Out of 100 data elements total, if 50 of them have 
achieved betWeen 80% and 90% of the predetermined cutoff 
point, but only ten of them exceeded the cutoff point, then 
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the former 50 data elements Would simply be labeled 
“normal,” and discarded from further analysis. Those 50 
data elements Would not contribute to the ?nal result, despite 
their close proximity to the cutoff point and their signi?cant 
number, i.e., their consistency. The system Would then use 
only ten out of 100 elements to make its determination. 

[0018] The method and system disclosed in the ’208 
patent is also vulnerable to measurement error. By using 
discrete quanti?cation, this method alloWs for opportunities 
for measured data to fall on one side of the cutoff points on 
one occasion, and to fall on the other side of the cutoff points 
if measured on a different occasion, potentially yielding very 
different results for each occasion. 

[0019] Moreover, the method and apparatus disclosed in 
the ’208 patent presents its ultimate ?nding in a broad 
classi?cation system, Wherein each muscle under diagnosis 
is assigned one of a handful of categories in this classi?ca 
tion system: “normal,”“symptomatic,”“dysfunctional,” etc. 
These terms are only de?ned as being relative to one 
another. For example, “symptomatic” is considered more 
severe than “normal,” and “dysfunctional” is more severe 
than “symptomatic.” HoWever, this classi?cation system 
presents no true or absolute indication of the degree of 
departure from an ideal or absolute normal condition of the 
muscle under evaluation. 

[0020] Another disadvantage of the apparatus disclosed in 
the ’208 patent is that it uses adipose corrections provided 
from a table, the contents of Which depend upon an adipose 
tissue measuring device that has since been found to be 
someWhat unreliable. 

[0021] Another further disadvantage of the method and 
apparatus disclosed in the ’208 patent is that it relies heavily 
on an assumed normal or Gaussian distribution of data 
Within the normative database. This method is therefore 
susceptible to error arising from departures from a normal 
distribution in the actual data collected and analyZed. 

SUMMARY OF THE INVENTION 

[0022] The principal object of the present invention is to 
provide an improved method and system for determining 
back muscle dysfunction. 

[0023] Another object of the present invention is to pro 
vide a method and system for determining back muscle 
dysfunction that employs a method of continuous quanti? 
cation of all data elements that are collected. 

[0024] Another object of the present invention is to pro 
vide a method and system for determining back muscle 
dysfunction that presents the results of the diagnostic pro 
cedure using a numerical impairment index for each muscle 
evaluated, Whereby the numerical impairment index falls 
along a continuum of deviation from an ideal normal state 
for that muscle. 

[0025] Another object of the present invention is to pro 
vide a method and system for determining back muscle 
dysfunction that employs regression-based formulas to 
determine adipose corrections necessary for each patient, 
based on various anatomical measurements of that patient. 

[0026] Another object of the present invention is to pro 
vide a method and apparatus for determining back muscle 
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dysfunction that does not presume the existence of a normal 
or Gaussian distribution for collected data. 

[0027] Additional objects and advantages of the invention 
Will be set forth in part in the description that folloWs, and 
in part Will be evident from the description, or may be 
learned by the practice of the invention. These and other 
objects and advantages of the invention may be realiZed and 
obtained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

[0028] To achieve the objects in accordance With the 
purpose of the invention, as embodied and described herein, 
a preferred method for determining back muscle dysfunction 
comprises the steps of: (1) selecting a set of sites on the 
subject for sensing muscle electrical activity, (2) making 
electrical activity measurements-for the set of sites; and (3) 
performing an analysis of the electrical activity measure 
ments, the analysis including determining from the electrical 
activity measurements analysis values for each of a set of 
muscles and determining from the analysis values a degree 
of departure from a normal condition, Where the degree of 
departure for the analysis values is normaliZed With respect 
to the plurality of muscles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
one embodiment of the invention and, together With the 
description, serve to explain the principles of the invention. 

[0030] FIG. 1A is an illustration of a preferred embodi 
ment of a back muscle dysfunction system of the present 
invention comprising a data collection subsystem and a data 
analysis subsystem. 
[0031] FIG. 1B is an illustration of a preferred embodi 
ment of a data collection subsystem in the back muscle 
dysfunction system of the present invention. 

[0032] FIG. 1C is an illustration of a preferred embodi 
ment of a data analysis subsystem in the back muscle 
dysfunction system of the present invention. 

[0033] FIG. 2 is an illustration of a preferred embodiment 
of a communication netWork implementing a back muscle 
dysfunction system of the present invention Where a data 
analysis subsystem as depicted in FIG. 1C is netWorked to 
a plurality of data collection subsystems as depicted in FIG. 
1B. 

[0034] FIG. 3 is a How chart illustrating basic steps in a 
preferred method of the present invention for performing 
back muscle dysfunction analysis. 

[0035] FIG. 4 illustrates the pattern of electrode place 
ments according to a preferred embodiment of the invention. 

[0036] FIGS. 5-13 illustrate motions performed in accor 
dance With a preferred embodiment of the present invention. 

[0037] FIG. 14 is a How chart detailing preferred sub 
steps for performing the data analysis step depicted in FIG. 
3. 

[0038] FIGS. 15A-15C depict a How chart detailing pre 
ferred sub-steps for the step of FIG. 14 of determining a 
muscle’s degree of departure from an ideal normal condi 
tion. 
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[0039] FIG. 16 is a diagram of an exemplary evaluation 
report for a patient experiencing back muscle dysfunction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] Reference Will noW be made to one or more present 
preferred embodiments of the invention, examples of Which 
are illustrated in association With the accompanying draW 
ings. 
[0041] Apreferred embodiment of the system and method 
for determining back muscle dysfunction is practiced using 
the back muscle dysfunction (BMD) system 8 illustrated by 
Way of example in FIG. 1A. While the preferred embodi 
ments of the BMD system 8 and method for muscle dys 
function analysis are described in reference to back muscle 
dysfunction, it is understood that the present system is also 
applicable to other muscles and muscle groups, such as, for 
example, leg or abdominal muscles. The basic elements of 
the BMD system 8 preferably include a data collection 
subsystem 10 and a data analysis subsystem 11. The BMD 
system 8 is preferably implemented by separating the func 
tional elements of collection and analysis because of a 
practical preference to alloW for data collection at one 
location and data analysis at another location. HoWever, the 
BMD system 8 is optionally implemented in one location 
Wherein elements of the BMD system 8 that aid in the 
performance of data collection also perform data analysis. 
Thus, the communication link depicted in FIG. 1A betWeen 
the tWo subsystems 10,11 is optionally unnecessary or is 
internal to the processing architecture of the BMD system 8. 

[0042] FIG. 1B details preferred elements of the data 
collection subsystem 10. The data collection subsystem 10 
includes a set of electrodes 12, a collector 14, and a 
collection subsystem data controller 16. The electrodes 12 
are electromyographic surface electrodes, Which contact the 
surface of an individual’s skin. Each of the electrodes 12 
includes tWo contacts across Which electric potential is 
measured. The electrodes 12 detect electrical activity 
changes, i.e., voltage changes betWeen the tWo contacts of 
each electrode. Typically, the detected magnitude of electri 
cal activity is in the range of 0-500 microvolts. 

[0043] The measurement of electric potential changes 
(electrical activity) on the surface of an individual’s skin 
generated by underlying muscles (sEMG) is performed at 
each of the plurality of electrodes 12. While sEMG is 
preferably used to obtain the electrical activity measure 
ments in the preferred data collection subsystem 10, muscle 
activity is equivalently measured by alternative techniques 
to sEMG Without departing from the spirit and scope of the 
present invention. Moreover, alternative electrode con?gu 
rations are also contemplated Which correspond to equiva 
lents knoWn in the art. For example, single-contact type 
electrodes are alternatively used Which measure electric 
potentials With reference to a single common ground, or 
reference voltage. 

[0044] The collector 14 preferably includes a signal 
encoder 60 and a computer I/O interface 40. Voltage 
detected by the electrodes 12 is transmitted to the signal 
encoder 60. Prior to transmission to the signal encoder 60, 
detected analog electrical signals are ampli?ed at the elec 
trodes 12. Preferably, the individual on-electrode ampli?er 
circuitry 32 ampli?es the signals detected from the elec 
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trodes 12 into a desired voltage range. In a preferred 
embodiment, the voltage range is Zero to four volts. Once the 
signals from the electrodes 12 are ampli?ed, the signal 
encoder 60 preferably receives as input ampli?ed analog 
electrical signals from multiple channels. The signal encoder 
60 then preferably digitiZes the analog signals, transforms 
the electrical signals into light signals, and yields as output 
to the computer I/O interface 40 a digitally encoded light 
signal along a single optical conduit. The signal encoder 60 
also supplies poWer to operate the on-electrode ampli?er 
circuitry 32. An additional contact is preferably applied in 
order to cancel common mode variations for the signals 
detected by the electrodes 12. That is, a common mode drive 
electrode (not shoWn) is attached to the patient’s back. 

[0045] To perform these functions, the signal encoder 60 
preferably includes a multiplexer 34, an analog-to-digital 
converter 36, and an optical isolator 38. The ampli?ed 
analog signals are fed to the multiplexer 34, Which selects 
each of the signals in turn. Each selected signal is then 
transmitted to the analog-to-digital converter 36. The ana 
log-to-digital converter 36 then converts the received analog 
signal into a digital signal. 

[0046] The electrodes 12 and signal encoder 60 are opti 
cally isolated from the rest of the data collection subsystem 
10 to protect any patient With Whom the electrodes 12 are in 
contact. Thus, there exists no direct electrical connection 
betWeen the electrodes 12 and the output signal from the 
collector 14. In the preferred embodiment, the optical iso 
lator 38 is located after the analog-to-digital converter 36. In 
another preferred embodiment, the optical isolator 38 is 
realiZed via a ?ber optic cable, Which transmits the digital 
signal from the analog-to-digital converter 36 to the data 
controller 16 via the computer I/O interface 40. In addition 
to potentially protecting a patient from shock, the transmis 
sion of data using an optical signal though the optical 
isolator 38 is immune to contamination from environmental 
electrical or RF interference. Alternatively, instead of the 
optical isolator 38, another device for electrically insulating 
the patient from the rest of the data collection subsystem 10 
is implemented including using an infrared, radio or another 
Wireless mechanism for communicating measurement data. 

[0047] Preferably, hoWever, the optical isolator 38 is used 
and is an integrated component Within the signal encoder 60. 
Within the optical isolator 38, the input signal activates a 
light-emitting diode, LED (not shoWn), Which transmits a 
light signal containing information on the magnitude of the 
electrical potential to a ?ber optic cable. The ?ber optic 
cable, in turn, carries the light signal out of the signal 
encoder 60 to a photo detector. The photo detector (not 
shoWn) converts the light signal containing the magnitude 
information into an electrical signal. 

[0048] In a preferred embodiment, the output of the opti 
cal isolator 38 is transmitted to a computer I/O interface 40. 
Contemporary examples of such computer I/O interfaces are 
Universal Serial Bus, PCMCIA card, PCI card, SCSI and 
FireWire. The computer I/O interface 40 transmits data 
betWeen the signal encoder 60 and the data controller 16. 

[0049] The data controller 16 preferably includes a pro 
cessor 22 and computer media storage 24. Preferably, the 
output of the optical isolator 38 is transmitted to a computer 
I/O interface 40 Which transmits digital signals betWeen the 
collector 14 and the processor 22. The processor 22 uses a 
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softWare-implemented multiplexer to select the received 
signals from the computer I/O interface 40. Preferably, the 
software multiplexer is a program executed by the processor 
22 to select given inputs at predetermined times, so that the 
signal is time-division multiplexed. Thus, the multiplexer 34 
selects a corresponding output of the ampli?er circuits. 32, 
and then transmits groups of signals in sequence through the 
analog-to-digital converter 36, the optical isolator 38 and the 
computer I/O interface 40. The softWare multiplexer then 
selects these signals in sequence. For the full set of data from 
all electrodes 12 in the pattern to be read, the sequences of 
signals are transmitted to the softWare multiplexer, Whereby 
each sequence corresponds to the outputs from the elec 
trodes 12. The rate at Which the data is stored and sampled 
is such that no substantial change occurs in the muscle 
betWeen sample times. Preferably, the data is received and 
processed in parallel such that sampling rates need not be a 
consideration in the subsequent analysis. Accordingly, the 
sEMG measurements from the pattern of electrodes 12 are 
grouped such that each group has measurements that have 
been taken at substantially the same time. 

[0050] Preferably, the collection subsystem data controller 
16 further includes a video display 18, a keyboard 20, a 
graphics program 26, a data reduction program 28, a sound 
generator 30, and a speaker 31. Via the keyboard 20, a user 
controls the operation of the data collection subsystem 10 by 
issuing commands that are processed by the processor to 
begin and end the receipt and storage of data. The digital 
electronic activity signals received by the processor 22 are 
optionally displayed on the video display 18, and stored on 
the computer media storage 24. The graphic program 26 
uses the data received through the processor 22 to preferably 
generate a graphical display of the variation in electrical 
signals. The data reduction program 28 preferably com 
presses data to be stored on the computer media storage 24. 
The sound generator 30 and speaker 31 enable the output of 
audio cues to aid an operator of the data collection sub 
system 10 to timely instruct a patient regarding the perfor 
mance of the various motor tasks required by the patient in 
a preferred method of determining back muscle dysfunction. 

[0051] The collection subsystem data controller 16 may be 
a computer like that manufactured by IBM or Apple With a 
monitor such as, for example, a cathode ray tube (CRT) or 
liquid crystal display (LCD). Acomputer executing softWare 
is preferably used for the data controller 16 because of the 
utility and ?exibility in programming and modifying the 
softWare, displaying results, and running other peripheral 
applications. Alternatively, the collection subsystem data 
controller 16 may be implemented using any type of pro 
cessor or processors that may analyZe electrical measure 
ments of muscle activity as described herein. Thus, as used 
throughout, the term “processor” refers to a Wide variety of 
computational devices or means including, for example, 
using multiple processors that perform different processing 
tasks or have the same tasks distributed betWeen processors. 
The processor(s) may be general purpose CPUs or special 
purpose processors such as are often conventionally used in 
digital signal processing systems. Further, multiple proces 
sors may be implemented in a server-client or other netWork 
con?guration, as a pipeline array of processors, etc. Further, 
some or all of the processing is alternatively implemented 
With hard-Wired circuitry such as an ASIC, FPGA or other 
logic device. In conjunction With the term “processor,” the 
term “computer media storage” refers to any storage 
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medium that is accessible to a processor that meets the 
memory storage needs for analyZing electrical measure 
ments of muscle activity. 

[0052] FIG. 1C depicts a preferred embodiment of the 
data analysis subsystem 11 for analyZing the patient data 
collected and stored by the data collection subsystem 10. 
The data analysis subsystem 11 preferably comprises a 
processor 53, a normative database 54 stored on computer 
media storage, and a database/patient comparison program 
that is similarly stored in computer media storage and 
executed by the processor 53. The database processor 53 
executing the comparison program 55 is optionally a pro 
cessor of knoWn design, such a personal computer or a 
mainframe system, any other form of processor as described 
in reference to the processor 22, or even the same processor 
as processor 22, as noted above. In preferred embodiment, 
the normative database 54 is a database of normal activity 
and may be one of many such databases in the data analysis 
subsystem 11 that is used for comparison purposes. Prefer 
ably, the normative database 54 contains data regarding a 
population of individuals Whose measurements are consid 
ered healthy and Which constitute a healthy population of 
individuals. Additional databases having data from a suf? 
cient number of individuals Who have been diagnosed With 
muscle dysfunction may be established as examined patient 
databases. Further, sub-databases of the normative database 
54 or the examined patient databases according to a variety 
of classi?cation schemes, may be de?ned to enable more 
speci?c comparison studies With speci?c patients. Function 
ally, the data analysis subsystem 11 receives as input patient 
data from the data collection subsystem 10 and performs a 
comparative analysis using the normative database 54, and 
preferably, one or more examined patient databases. 

[0053] In a preferred embodiment, the database compari 
son program 55 reads data from the computer media storage 
24 and compares the patient’s data With the normative 
database 54 or a sub-database of the normative database 54 
to produce a document report addressing the condition of the 
patient. Data on a patient from the computer media storage 
24 is input into the database processor 53. The raW data and 
calculations from the computer media storage 24 are used by 
the database comparison program 55 to quantify back 
muscle dysfunction for a patient. Accordingly, the electrical 
muscle activity measurements collected for the patient and 
stored in the computer media storage 24 are used to calculate 
electrical muscle activity ratio values and other analysis 
values that are then compared by the database comparison 
program 55 to the sample values of the normative database 
54. Preferably, in quantifying back muscle dysfunction, the 
processor 53 determines a measure of back muscle dysfunc 
tion in response to the comparison of the patient ratios. 
Preferably, the database comparison program 55 returns a 
number of conclusions on Which a diagnostic evaluation 
may be based. 

[0054] Preferably, the conclusions of the database com 
parison program 55 are based on a comparison of electrical 
activity measurements. HoWever, the conclusions may addi 
tionally be based upon other factors. These other factors 
include relaxation time and change in relaxation time 
betWeen activity and rest periods. Another indication of 
muscle health may be determined by the spectral character 
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istics of the measured signal. The adipose tissue correction 
factor is also preferably considered in making the compari 
son as discussed above. 

[0055] FIG. 2 illustrates a preferred embodiment of the 
BMD system 8 implemented as a muscle dysfunction evalu 
ation netWork Where a centraliZed data analysis subsystem 
11 as depicted in FIG. 1C is netWorked to a plurality of data 
collection subsystems 10 as depicted in FIG. 1B. FIG. 2 
depicts ten data collection subsystems 10 With a single data 
analysis subsystem 11 purely as an eXample of a possible 
netWork con?guration of the BMD system 8. It is understood 
that a BMD system 8 implemented as a netWork is not 
inherently limited in terms of the number of connected 
subsystems 10, 11. Speci?cally, in the embodiment shoWn in 
FIG. 2, BMD data is collected at one location and analyZed 
at another location. The data may be provided from one of 
the data collection subsystems 10 to the data analysis 
subsystem 11 by any available means. HoWever, the com 
munications for the BMD system 8 are preferably imple 
mented using Internet Communication or sWitched tele 
phone line services, preferably using 56 Kbps modems or 
ISDN interfaces. The BMD system 8 is also optionally 
adapted to high-speed access over available high-speed 
links, such as T1, T3, ADSL, telephone lines, cable modems 
or other means of high-speed access. The communications 
are alternatively implemented using available Wireless com 
municating means, including satellite or terrestrial systems. 
In an Internet communication con?guration, data collection 
subsystems 10 securely communicate With the data analysis 
subsystem 8 via an Internet Web page that preferably 
requires login and passWord entry. Preferably, a mechanism 
is provided for Internet transmission of collected data from 
the data collection subsystems 10. Further, an alternative 
mechanism alloWs users associated With the data collection 
subsystems 10 to retrieve analyZed data, preferably in the 
form of analysis reports. The retrieval process preferably 
alloWs the users to have the reports securely doWnloaded, 
emailed, faXed or in any other manner transmitted to the data 
collection subsystem 10, to a faX machine, or to any other 
data output computer or terminal that can display, produce 
or otherWise output analysis reports. The retrieval process 
further alloWs the reports to be directed using traditional 
mail. 

[0056] If the netWork is Wholly implemented in a local 
area, such as Within a clinic or hospital, as a local netWork 
such as an intranet, client-server system, or other similarly 
siZed netWork, the communications are preferably imple 
mented using systems and protocols that are used for such 
communications such as Ethernet, TCP/IP, parallel port, 
serial port, etc. A Wireless communication system for com 
municating the data is optionally implemented, preferably 
using infrared, RF, one of the ISM (Industrial, Scienti?c and 
Medical) bands or other frequencies. In one preferred 
embodiment, multiple data analysis subsystems in a plural 
ity of local clinics or hospitals communicate With a central 
iZed data analysis subsystem over a Wide area netWork. In 
this con?guration, the databases in the local data analysis 
subsystems 11 periodically update and are updated by the 
centraliZed database subsystem. To the users of the data 
collection subsystems 10, the netWork of data analysis 
subsystems 11 preferably operates as a virtual single analy 
sis subsystem. 
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[0057] FIG. 3 illustrates basic steps of a preferred method 
of determining back muscle dysfunction. In the ?rst step 
132, the method for determining back muscle dysfunction is 
initiated or initialiZed. The processor 22 initialiZes the data 
collection subsystem 10 for data collection. As a second step 
134, anatomical measurements are taken to determine sensor 
site placement and adipose correction. In the neXt step 136, 
the electrodes 12 are applied in a pattern across an individu 
al’s back and measurements of electrical activity preferably 
as a set of measurements from the pattern of electrodes are 
collected. The set of measurements includes a predeter 
mined number of values, corresponding respectively to 
measurements of electrical activity made at substantially the 
same time from each of the plurality of electrodes 12 in the 
pattern. 

[0058] FIG. 4 is an anatomical diagram of the muscles of 
the back illustrating the pattern of electrode placements on 
the back according to the preferred embodiment. Electrodes 
12 are illustrated by blackened ovals. The White center 
portion in each of the ovals is Where the electrode is 
centered. The electrodes 12 are named in accordance With 
the corresponding muscles over Which they are located. The 
left side of the pattern of electrodes is illustrated in FIG. 3 
and includes a cervical paraspinal electrode 121, an upper 
trapeZius electrode 122, a middle trapeZius electrode 123, a 
thoracic paraspinal electrode 125, a latissimus dorsi elec 
trode 126, an obliquus eXternus electrode 127, and a lumbar 
paraspinal electrode 128. A matching number of electrodes 
are present on the right side in equivalent positions. Thus, 
preferably fourteen electrodes are placed on the back of the 
individual or patient Whose sEMG signals are being mea 
sured. Alternatively, additional or feWer electrodes may be 
applied to a patient’s back, or a completely separate muscle 
set of muscle sites may be tested. 

[0059] The electrodes in the preferred embodiment may be 
applied individually as may be the case With the illustrated 
electrodes 12 or may, in an alternate embodiment, be 
mounted in an electrode jacket, not shoWn. The electrode 
jacket is Worn by the individual and has electrodes similar to 
the electrodes 12 mounted therein in the desired pattern. The 
electrodes of the electrode jacket make contact in the appro 
priate locations When the individual Wears the jacket. 

[0060] Adipose tissue can affect the transmission of elec 
trical activity from the underlying muscle. The adipose 
tissue attenuates the signal betWeen the underlying muscle 
and the corresponding electrode on the surface of the skin. 
A correction factor can be computed for a given adipose 
tissue thickness that can be applied to every measurement 
from the corresponding electrode. This correction factor can 
be derived from regression-based formulas using various 
anatomical measurements of the patient. 

[0061] The measurement of electrical activity over a 
muscle can be indicative of the health of that muscle. More 
particularly, depending upon hoW and When the measure 
ment is taken, a signi?cant amount of information may be 
obtained regarding the health of a muscle. Muscle dysfunc 
tion is often indicated by a relatively loW electrical output 
(hypoactivity), a relatively high electrical output (hyperac 
tivity), changes in the electrical output’s spectral character 
istics, or changes in the output during the relaxation time 
after activity. With respect to the electrical output’s spectral 
characteristics, if the electrical activity measured at the 
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muscle has frequent variations in amplitude, the signal is 
said to be a rough signal. This “roughness” in the detected 
electrical signal is typically an indication of muscle dys 
function. 

[0062] If a muscle is damaged, the sEMG may indicate 
muscle substitution. Muscle substitution occurs When 
another set of muscles is used to compensate for the lack of 
functionality of the muscle being evaluated, due to the 
damage to that muscle. Accordingly, muscle substitution can 
be a measurable indication of damage, as Well as an indi 
cation of the nature and location of the damage. 

[0063] In the preferred embodiment, the individual per 
forms a predetermined set of motor tasks during collection 
of EMG measurements. These motor tasks are carried out 
via consecutive periods of rest, dynamic muscle engage 
ment, and static muscle engagement. The audio cues from 
the speaker 31 aid in the instruction of When the patient 
should begin a motor task, should remain static, or rest. Rest 
is de?ned as having the patient stand in a relaXed position 
With arms at the sides. Dynamic muscle engagement is 
de?ned as the process of transitioning from the rest position 
to the particular static pose required for the speci?c motor 
task being performed. Static muscle engagement is de?ned 
as having the patient maintain the static pose of the speci?c 
motor task for a speci?c period. As an eXample, one com 
plete EMG measurement session for a motor task consists of 
a period of rest, immediately folloWed by a period of 
dynamic muscle engagement, With that immediately fol 
loWed by a period of static muscle engagement. The length 
of the rest period should equal the combined length of the 
dynamic and static muscle engagement periods. This 
sequence of three phases of muscle engagement constitutes 
one complete EMG measurement session. This one com 
plete EMG measurement session is itself repeated several 
times for each motor task in the process of completing 
acquisition of EMG data suf?cient for analysis by the data 
analysis subsystem 11. 

[0064] In the preferred embodiment, only the EMG data 
collected during the periods of static muscle engagement are 
used. In an alternate embodiment, EMG data collected 
during the rest and dynamic periods as Well as the static 
period are used in the data analysis conducted. 

[0065] Electrical activity measurements are made at spe 
ci?c periods Within the movements. Preferably, measure 
ments are made during the range of motion and at the 
endpoints of the motion. This dynamic measurement of 
muscles during a motor task and the measurement of 
muscles under tension give a more accurate picture of the 
muscle action. Relaxed measurements are subject to small 
postural variations that are hard to correct. 

[0066] FIGS. 5-13 illustrate the movements used during 
the dynamic measurements. FIG. 5 illustrates the right arm 
overhead movement, Whereby the individual eXtends the 
right arm overhead, and the left leg backWard. FIG. 6 
illustrates the left arm overhead movement, Whereby the 
individual eXtends the left arm overhead, and the right leg 
backWard. FIG. 7 illustrates the arms overhead movement, 
Whereby the individual eXtends both arms overhead. FIG. 8 
illustrates the forWard arm ?eXion movement, Whereby the 
individual eXtends both arms forWard to a 90-degree angle 
from the body, With the palms facing doWnWard. FIG. 9 
illustrates the arm abduction movement, Whereby the indi 
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vidual eXtends both arms from the sides to a 90-degree angle 
from the body, With the palms of the hand facing doWn. FIG. 
10 illustrates the shoulder shrug movement, Whereby the 
individual shrugs both shoulders upWard. FIG. 11 illustrates 
the forWard boW movement, Whereby the individual boWs 
45-degrees forWard at the Waist, With both arms to the sides. 
FIG. 12 illustrates the left trunk rotation movement, 
Whereby the individual rotates to the left With a maXimum 
range of motion at the hips and head. FIG. 13 illustrates the 
right trunk rotation movement, Whereby the individual 
rotates to the right With a maXimum range of motion at the 
hips and head. 

[0067] In a preferred embodiment, there are 7.2-second 
motion periods and 7.2-second rest periods, and the full 
pattern of the electrodes 12 is sampled about 2000 times per 
second. As a neXt step 138 in the preferred method, these 
measurements are stored in the processor 22 in computer 
media storage 24 in the manner described above. Alterna 
tively, other sampling rates and groups of measurements are 
used. 

[0068] The computer media storage 24 preferably only 
contains raW EMG activity data. HoWever, the preferred 
embodiment ultimately employs ratios of EMG activity data 
in its analysis. This ratio technique eliminates much of the 
variability inherent in using sEMG to measure muscle 
activity. 

[0069] In accordance With a preferred embodiment, the 
neXt step 140 is to analyZe the data using a previously 
compiled database of sets of measurements from a plurality 
of individuals by making diagnostic comparisons of data. In 
the previously performed process of compiling the database 
of measurements, electrical muscle activity measurements 
for asymptomatic individuals are collected in a number 
suf?cient to develop a sample representative of a population. 
Preferably, a group of individuals is selected for collection 
of electrical muscle activity measurements. The individuals 
can be considered a normative set of individuals to Which 
patients can be compared. 

[0070] In a ?nal basic step 142 of the preferred method of 
analyZing for muscle dysfunction, the diagnostic conclu 
sions generated by the data comparison program 55 are 
output in a document report 58. The document report 58 
preferably provides patient identifying data and reports 
diagnostic conclusions and helps determine a desirable 
therapeutic treatment. 

[0071] In preferred embodiment of the system and method 
of analyZing back muscle dysfunction, the data analysis step 
140 depicted in FIG. 3 is performed as a series of sub-steps 
described beloW and illustrated in FIGS. 14 and 15A-C. 
Preferably, the data for patient analysis and the compilation 
of the normative database 54 are concerned primarily With 
the periods in Which the patients are statically engaged in 
motor tasks. First, a sub-step 146 of averaging the data 
collected during each respective motor task is performed. 
Thus, the sample measurements taken during the periods of 
static engagement for a particular muscle and a particular 
motor task are averaged. 

[0072] In the neXt sub-step 148, the averaged electrical 
activity data measurements for each muscle are adjusted for 
the adipose thickness underlying the corresponding elec 
trode. The correction factor to the averaged measurements is 
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preferably computed by processor 53 using regression-based 
formulas to determine “true” EMG values for each muscle 
based on the EMG measurements made at the skin’s surface. 
In one preferred embodiment, the attenuation of the EMG 
signals due to adipose thickness are accounted for according 
to the equation: 

EMG=sEMG* antilog(B *Adipose) 

[0073] Where EMG is a regression-based estimate of the 
EMG at a muscle, sEMG is the EMG measured at the skin’s 
surface, Adipose is a factor relating to the adipose thickness 
underlying the electrode, and B is a regression coef?cient 
that has one of tWo values depending on the gender of the 
patient. Notice that as Adipose approaches Zero, sEMG 
approaches EMG. Alternatively, other relationships betWeen 
Adipose, sEMG, and EMG are used. For eXample, in one 
alternative embodiment, an inverse relationship is used: 

EMG=Adipose*sEMG/B. 

[0074] In another alternative embodiment, an inverse 
square relationship is applied to determine the estimated 
EMG at the muscle: 

EMG=Adipose2*sEMG/B. 

[0075] Ideally, to determine the Adipose values that are 
inserted into one of the above adipose attenuation formulas, 
the adipose thickness measurements for each patient at each 
muscle are measured directly. These measurements may be 
obtained via caliper measurements of the skin fold or by 
using ultrasound. Ultrasound devices potentially provide the 
most precise adipose measurements. Preferably, the ultra 
sound device for performing such measurements is designed 
to be inexpensive and easy to use such that patient mea 
surements of adipose are practical. Further, the ultrasound 
device has post-processing to provide as output actual 
adipose measurements rather than requiring medical person 
nel to subjectively estimate adipose thickness from an 
ultrasound image. 

[0076] In an alternative preferred embodiment, rather than 
requiring medical personnel to make adipose measurements 
for each tested patient, regression-based formulas are used to 
estimate the adipose correction factors. In one embodiment, 
the regression formula has the folloWing form: 

[0077] In equation (1) above, Adipose is the adipose 
correction factor, Height is the height of the patient in 
speci?ed units, Weight in the Weight of the patient in 
speci?ed units, and is a patient or observation number 
indeX. B0, B1, and B2 are regression coef?cients that vary 
depending on gender and the bilateral muscle group at Which 
an adipose value is desired. BO preferably is a coef?cient 
relating speci?cally to gender, B1 is a coef?cient relating to 
height, and B2 is a coefficient relating to Weight. Given 
preferably seven eXamined bilateral muscle groups and tWo 
genders, preferably 14 sets of coef?cients are established to 
enable the regression-based adipose thickness estimation. 
By using such a formula, only efficiently measured anatomi 
cal measurements for each patient need be determined in the 
?eld, rather direct measurements of adipose that require 
more time and/or compleX measurement devices. 

[0078] In another regression-based embodiment, the fol 
loWing more generic formula is used: 
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[0079] In equation (2) above, Xli, X2i . . . XDi are mea 
surement values such as Height and Weight that Were 
speci?ed in equation HoWever, equation (2) enables 
other types of anatomical measurements to factor into the 
determination of Adipose, up to (n) types. Such other types 
of measurements may include, but are not limited to Body 
Mass IndeX (BMI), body type, such as muscular, obese and 
slim, Waist circumference, chest circumference, Wrist cir 
cumference, and light transmissiveness of skin/adipose tis 
sue. In equation (2) as in equation (1), B0, B1, . . . Bn are 
previously established adipose thickness coef?cients that 
relate to the types of measurements they modify. 

[0080] To obtain meaningful values for the adipose thick 
ness coef?cients, adipose measurement tests on a large 
sample of patients are preferably performed. In performing 
such tests for developing the regression-based formulas, the 
ultrasound or other measurement devices that enable precise 
measurements of adipose may be used. Regressions are then 
performed to account for the interaction effects of the 
various types of anatomical measurement, and to ?nally 
determine sets of B coef?cient values. 

[0081] Returning to the sub-steps of the data analysis 
illustrated in FIG. 14, in the neXt sub-step 150, the degree 
of departure from an ideal normal condition or level of 
dysfunction for each muscle is determined. The ideal normal 
condition represents a speci?c state or condition Within a 
normal condition range. The identi?cation and level of the 
dysfunctional muscles of sub-step 150 is determined by a 
procedure involving comparing patient ratio data to sample 
ratio data stored in a sample database, ie a normative 
database. In effect, the procedure is a muscle pattern recog 
nition (MPRTM) procedure in Which a sample set of muscular 
responses are compared to a library database of such 
responses to determine identifying characteristics of the 
sample set. The steps depicted in FIGS. 15A-C illustrate the 
procedure of sub-step 150. 

[0082] Referring noW to FIGS. 15A-C, the MPRTM analy 
sis for determining dysfunctional muscles as represented in 
sub-step 150 of FIG. 14 comprises the folloWing steps. In 
the ?rst step 164, the total number of motor tasks (M) to be 
used in the MPRTM analysis and the total number of muscles 
(c) to be evaluated are identi?ed. Each combination of motor 
tasks and muscles are kept track of individually. In the neXt 
step 166, for each combination of muscle and motor task, a 
set of EMG measurements Em)c are established. From these 
measurements, each step of the MPRTM analysis preferably 
generates one or more types of values that are termed herein 
generally as “analysis values.” Speci?cally, in initiating the 
MPRTM analysis, an indeX to ratio values, R, of EMG 
measurements Within each motor task is established. Thus, 
Rmp)i is the ratio value betWeen the EMG measurement for 
muscle (c) in motor task (m), Emp, and the EMG measure 
ment for muscle in motor task (m), Em]. To assure 
meaningful ratio values, never equals In the neXt step 
168, a logarithmic transformation of each of the previously 
calculated EMG ratio values, R is determined. 

[0083] In the neXt step 170, With the EMG ratio values, 
Rmm, noW being logarithmic, for each type of ratio Rmp)i in 
the normative data base 54, tWo predetermined ratio thresh 
olds are noW used. For each type of ratio Rmpi, the ?rst ratio 
threshold, Rmmr, is betWeen the minimum ratio and the 
median ratio in the normative database. The second ratio 
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threshold, Rmpi?f, is between the median ratio and the 
maximum ratio in the normative database. Preferably, Rmp) 
i,- is set at the 25th percentile level value in the range of 
values for Rmp)i in the normative database and Rnxci)+ is set 
at the 97.5th percentile level value. These thresholds guar 
antee a WindoW of ratios that comprise 95% of the normative 
database. By thresholding in this manner, the analysis is 
independent of any assumptions regarding the distribution of 
the normative database 54. Thus, in the neXt step 172, a 
direction of aberrance, Hue)i for each muscle pair, (c) to (i), 
for each motor task is determined based on the value of 
the logged ratio Rue)i in relation to its corresponding ratio 
thresholds, Rnxcir and R In particular, if 

[0084] then Hm)c equals Hypoactive (HYPO). Alterna 
tively, if 

[0085] then Hmp)i equals Hyperactive (HYPER). Finally, 
if the absolute values of the differences are equal, then Hmp)i 
is Zero, as there is no direction of aberrance. 

[0086] In the neXt step 174, a probability of aberrance, 
Pmm, for each logged ratio value, Rmpi, is determined. The 
probability of aberrance, Pmpi, is a probability measure that 
combines the actual aberrance of each ratio value, Rmpi, 
based on its proXimity from Rm’cir and Rmm)+ and the 
EMG measurement system’s retest variability. Knowledge 
of retest variability is required to estimate the inherent 
variability introduced by the MPRTM analysis as a Whole. 
Statistics estimating the variability of the MPRTM analysis in 
recording each ratio under the conditions of retest are 
preferably previously computed from a gathered retest data 
set. Using the knoWn normative distribution and the retest 
variability model, the probability of aberrance value, Pmci, 
is computed for each ratio value by ?rst determining the 
estimated standard deviation of the ratio, s, as determined by 
the retest variability model. Then, a value for a Line of 
Aberrance (LOA) is de?ned as either Rmmr or Rue];+ 
depending upon the ratio’s direction of aberrance. Speci? 
cally, 

[0087] Then, a Z-score, Z, of the LOA relative to the ratio’s 
modeled variability is determined and is preferably given 
by: 

[0088] Then, the probability of aberrance, Pmpi, 
ratio is preferably given by the folloWing formulas: 

for the 

If Hm’CfHYPO and Hm’CfHYPER: Pm’CfO. 

[0089] In the above equations, OTCDF(Z) is the One 
Tailed Cumulative Distribution Function for the standard 
normal distribution; i.e., OTCDF(Z) is the probability that a 
standard normal random variable is less than Z. For eXample, 

OTCDF(1.96)=O.975. 

[0090] Thus, the probability of aberrance, Pmm, is the 
probability of the patient’s ratio exceeding its LOA. Further, 
by eXample, the probability of aberrance Where Hmp)i is 
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neither HYPO nor HYPER is exactly Zero, and the prob 
ability of aberrance Where Rrn’c’i is equal to the LOA is 
eXactly 50%. 

[0091] In the neXt step 176, a Weighted value, Bmm, for 
each logged ratio value, Rmpi, is derived. The values for 
Bmci are Weights assigned to each ratio value in each motor 
task based upon the relative biomechanical signi?cance of 
the muscle relationship re?ected by the muscles involved in 
the ratio during the speci?c motor task. These Weighted 
values are predetermined portions of the MPRTM analysis, 
arrived at empirically using principles of biomechanics. 

[0092] In the neXt step 178, another Weighted value, Wmp, 
is determined using the predetermined bio-mechanical sig 
ni?cance of each motor task in assessing abnormal 
recruitment of each muscle The values for Wm)c are 
Weights assigned to each motor task for each muscle. These 
Weighted values are based upon the predictive value of the 
speci?ed motor task in assessing performance of the speci 
?ed muscle. The Weighted values are pre-determined por 
tions of the MPRTM analysis, arrived at empirically using 
principles of biomechanics. Then, in the neXt step 180, using 
the Weighted values derived in the previous three steps, a 
Weighted deviation value from the ideal normal, Amp], for 
each logged ratio value, Rmm, is determined. The value for 
Amp)i for each ratio value is preferably simply the product of 
the three Weighted values determined above. That is, 

A 

[0093] In the neXt step 182, an overall deviation from 
normal, Amp, and a direction of deviation from normal, 
Hmp, for each muscle (c) in each motor task is deter 
mined. These measures characteriZe the performance of each 
muscle in a given motor task in a manner that is independent 
of each muscle’s relationship to other muscles in performing 
the given motor task. Preferably, in determining values for 
Am)c and Hmp, a hyperactive Weighted deviation value, 
Am)“, is determined by summing all values for Amp)i for 
Which Hmp)i has a value of HYPER. Then, a hypoactive 
Weighted deviation value, Armor, is determined by summing 
all values for Amp)i for Which Hue)i has a value of HYPO. 
If Am)c)+>Am)c)_, then muscle (c) is considered hyperactive 
in motor task In this case, Am)c is set equal to Amp)+ and 
Hm)c equals HYPER. Alternatively, if Am)c)+<Am)c)_, then 
muscle (c) is considered hypoactive in motor task In 
this case, Am)c is set equal to Amp; and Hm)c equals HYPO. 

[0094] In step 184, the procedure continues forWard by 
eliminating the particular motor task as a variable in the 
characteriZation of each muscle and, instead, characteriZing 
each muscle’s state independent of the motor task per 
formed. In step 184, values for the Weighted deviation from 
normal, Ac, and the direction of deviation from normal, He, 
are determined for each muscle. Preferably, in a manner 
similar to the calculation performed above, in determining 
values for Ac and Ho, a hyperactive muscle deviation value, 
AH, is determined by summing all values for Am)c for Which 
Hm)c has a value of HYPER. Then, a hypoactive muscle 
deviation value, Ac; is determined by summing all values 
for Amc for Which Hm)c has a value of HYPO. If AC)+>AC)_, 
then muscle (c) is considered hyperactive overall. In this 
case, Ac is set equal to Ac)+ and Hc equals HYPER. Alter 
natively, if AC)+<AC)_, then muscle (c) is considered hypo 
active overall. In this case, Ac is set equal to Ac) and Hc 
equals HYPO. 
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[0095] In step 186, the values for AC are normalized using 
a normalization function based on the statistics compiled 
from the normative database to determine an Impairment 
IndexTM, Ic, for each muscle. IC thereby represents a scale 
that alloWs for immediate recognition of the level of impair 
ment of a muscle, regardless of the type of muscle or the 
patient involved. Speci?cally, in order to establish the extent 
of dysfunction Within each muscle, a common frame of 
reference for muscle-to-muscle comparison is required. To 
realiZe this, each Ac value is normaliZed by a muscle-speci?c 
function derived from the normative database. These 
muscle-speci?c normaliZation functions are preferably 
derived as folloWs. 

[0096] First, Ac values are computed for every muscle for 
all subjects, N, Within the normative database. Then, the 
distribution of each muscle’s Ac value Within the normative 
database is examined. Speci?cally, certain percentiles of the 
Ac values in the normative database population are deter 
mined for each muscle. In the preferred embodiment, these 
percentile values are determined at intervals of ?ve, from 
?ve to 90, With the 1St percentile also determined (i.e., the 
1st, 5th, 10th, 15th, 20th, . . . , 80th 85th, and 90th percentiles). 
After the 90th percentile, percentiles from 90 to 99 are 
preferably determined at intervals of length 1 (i.e., 90th, 91“, 
92nd, . . . 98th, and 99th). The 99th percentile is then 
preferably established as a so-called normative cutoff value 
or abnormal cutoff value, Which de?nes a separation point 
betWeen “normal” and “abnormal.” That is, all Ac values 
beloW the cutoff are considered normal, and all above are 
abnormal. Thus, given a particular muscle, for 1% of the 
normative database, that muscle is abnormal (i.e., a pre 
determined false positive rate). 

[0097] Piece-Wise linear interpolation functions (interpo 
lants) are then constructed using standard mathematical 
techniques, Where the normative database percentiles are 
used as the node points of each interpolant function. The 
idea of the interpolant function is to “map” the often 
different Ac values for each muscle to the same basic 
function. A different interpolant function may be prepared 
for each muscle. The interpolant functions are preferably 
linear, although higher order interpolant functions such as 
quadratic functions are alternatively used. Before this map 
ping, all the Ac values are in “different units of measure” and 
are incomparable. After the mapping has converted the Ac 
values to an Impairment IndexTM for each muscle, the 
muscles are effectively measured in the “same units” and 
comparable to one another. 

[0098] The interpolant function for each muscle is pref 
erably determined by ?rst establishing the 1st, 5th, 10th, . . . 
, 85th, 90th, 91“, 92nd, . . , 98th, and 99th normative database 
percentiles for the Ac values. The ?nally determined Impair 
ment IndexTM is preferably approximately linear With 
respect to percentile. For example, the 99th percentile may 
be required to map to a speci?c value in the Impairment 
IndexTM that Would alWays indicate a threshold for an 
abnormal muscle. In the preferred embodiment, this speci?c 
value is labeled the “Index of the Abnormal Cutoff” (IAC). 

[0099] From there, the Impairment IndexTM, Ic, corre 
sponding to any of the other percentiles preferably is a value 
that is a fraction of the IAC value. The fraction preferably 
equals the percentile’s fraction of the 99th percentile. Thus, 

Nov. 4, 2004 

Where Ac(p) is the pth normative percentile of the Ac values, 
the Impairment IndexTM, Ic, for the pth percentile is given by: 

1e(Ae(P))=IAC*Ae(P)/Ae(99‘h) 
[0100] With p being each of the percentiles listed above. 

[0101] The unique piece-Wise linear interpolant function 
is created using standard mathematical techniques. The 
interpolant function is such that the values of Ac at each of 
the node point percentiles are mapped by the interpolant 
function to their corresponding Impairment IndexesTM. The 
scheme guarantees that the dysfunction of different muscles 
in different subjects can be meaningfully compared using the 
Impairment IndexTM. To determine an interpolant function 
segment, Si, values, xi, are de?ned to be equal to normative 
database values of Ac for the speci?c percentiles listed 
above, Where is the number of segments from 1 to n. 
Thus, 

[0102] Also, yi is de?ned to be Ic(xi), noting that yn=IAC. 
Further, x0 and y0 are preferably set to equal to Zero. The 
interpolant function segment, Si, is then de?ned to be the 
line segment With the endpoints (xi_1,yi_1) and (xi,yi), for 
i=1 to n. The general equation, therefore, for each segment 
Si is given by: 

in Which 

[0104] The entire piece-Wise linear interpolant is identical 
to the (n) line segments S1 to SD. 

[0105] For values of Ac above the 99th normative database 
percentile, a linear extrapolation function is determined. The 
extrapolant function maps the value of Ac to the line con 
tinued from the segment betWeen Zero and the 99th percen 
tile. The ordinate on this line corresponding to the abscissa 
represented by Ac becomes the Impairment IndexTM. The 
equation for the extrapolant function, SeXt(x), is given by: 

in Which 

[0107] Through the procedure described above, a separate 
normaliZation function is created for each muscle group 
examined through the muscle dysfunction analysis system 
10. 

[0108] In step 188, the Impairment IndexTM, Ic, for each 
muscle representing the overall degree of departure from 
normal and the overall direction of deviation, Ho, for each 
muscle are displayed, recorded and/or otherWise provided in 
a report. 

[0109] After the determination of the dysfunctional 
muscles, as illustrated in FIGS. 15A-C, as a ?nal sub-step 
152 of the analysis procedure shoWn in FIG. 14, the patterns 
of compensating relationships for dysfunctional muscles are 
mapped. These patterns are based on the muscle activity 
levels and the kinesiological relationships of the muscles. 
The mapped patterns graphically illustrate the muscle dys 
function and assist the physician in selecting an appropriate 
course of therapy. An illustrative example of a mapped 
pattern of dysfunction is shoWn in FIG. 16. 
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[0110] It Will be apparent to those skilled in the art that 
various modi?cations, variations and additions can be made 
in the method for determining back muscle dysfunction of 
the present invention Without departing from the scope or 
spirit of the invention. Thus, it is intended that the present 
invention cover the modi?cations, variations and additions 
provided that they come Within the scope of the appended 
claims and their equivalents. 

What is claimed is: 
1. A method for determining muscle dysfunction of a 

subject, the method comprising the steps of: 

(a) selecting a plurality of sites on the subject for sensing 
muscle electrical activity; 

(b) calculating adipose thickness factors for the plurality 
of sites; 

(c) making electrical activity measurements for the plu 
rality of sites; and 

(d) analyZing the electrical activity measurements and 
determining thereby analysis values for a plurality of 
muscles, each of the plurality of muscles corresponding 
to a respective one of the plurality of sites, and in 
determining the analysis values, factoring the adipose 
thickness factors into the electrical activity measure 
ments. 

2. The method of claim 1, the adipose thickness factors 
being determined by applying results of obtained measure 
ments from a sampling of individuals, the results relating 
adipose thickness to general characteristics measured for the 
individuals, at least one general characteristic of the subject 
corresponding to at least one of the general characteristics 
measured for the individuals. 

3. The method of claim 2, the results being represented in 
a set of coef?cients that are applied to a formula, each 
coef?cient relating to one of the at least one general char 
acteristic of the subj ect and to one site of the plurality of sites 
on the subject. 

4. The method of claim 3, the formula having a form: 

Wherein BO through Bn comprise the set of coefficients for 
a given site, X1 through Xn represent values for a 
different one of the at least one general characteristic of 
the subject, and n represents the number of the at least 
one general characteristic. 

5. The method of claim 3, Wherein the coef?cients are 
regression-based coef?cients. 

6. The method of claim 3, the at least one general 
characteristic of the subject being a gender, a height, a 
Weight, a Body Mass IndeX, a body type, a Waist circum 
ference, a chest circumference, a Wrist circumference, or a 
light transmissiveness of skin. 

7. The method of claim 1, the adipose thickness factors 
being determined by applying a formula that includes a set 
of coef?cients, each coef?cient relating to one of the plu 
rality of sites on the subject. 

8. A method for determining muscle dysfunction of a 
subject, the method comprising the steps of: 

(a) selecting a plurality of sites on the subject for sensing 
muscle electrical activity; 

(b) making electrical activity measurements for the plu 
rality of sites; and 
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(c) performing an analysis of the electrical activity mea 
surements, the analysis comprising steps of determin 
ing from the electrical activity measurements analysis 
values for each of a plurality of muscles and determin 
ing from the analysis values a degree of departure from 
a normal condition, Wherein the degree of departure for 
the analysis values is normaliZed With respect to the 
plurality of muscles. 

9. The method of claim 8, Wherein the normal condition 
is an ideal normal condition. 

10. The method of claim 8, the analysis further compris 
ing a step of mapping the degree of departure for each of the 
plurality of muscles. 

11. The method of claim 8, the step of making the 
electrical activity measurements at a plurality of sites being 
performed during speci?c periods in the execution of a set 
of motor tasks, and the degree of departure being determined 
by selectively integrating the analysis values across the set 
of motor tasks. 

12. The method of claim 8, the electrical activity mea 
surements relating to a performance of a motor task, and the 
analysis further comprising a step of determining a set of 
relationships for each of the analysis values, each relation 
ship in the set for an analysis value relating the analysis 
value to one of the other analysis values as a pair, and the 
degree of departure being determined by selectively inte 
grating across the set of relationships. 

13. The method of claim 12, each relationship including 
a Weighting factor that re?ects a biomechanical signi?cance 
in the execution of a motor task correlating the muscles 
associated With the pair of analysis values. 

14. The method of claim 12, each relationship including 
a Weighting factor that re?ects a biomechanical signi?cance 
that correlates the motor task With the one of the plurality of 
muscles associated With the analysis value. 

15. The method of claim 12, each relationship including 
a factor that re?ects a systematic variability in measurement 
of electrical activity. 

16. The method of claim 8, Wherein the degree of depar 
ture comprises a continuous measure. 

17. The method of claim 8, further comprising a step of 
calculating adipose thickness factors for the plurality of 
sites, such that determining the analysis values comprises 
factoring the adipose thickness factors into the electrical 
activity measurements. 

18. A system for determining muscle dysfunction of a 
subject, the system comprising: 

(a) a plurality of electrical activity sensors for measuring 
electrical activity at a respective plurality of sites on the 
subject; and 

(b) a processor for determining adipose thickness factors 
based on at least one general characteristic of the 
subject for the plurality of sites on the subject, and for 
analyZing the electrical activity and determining there 
from analysis values for a plurality of muscles, each of 
the plurality of muscles corresponding to a respective 
one of the plurality of sites, Wherein determining analy 
sis values comprises factoring the adipose thickness 
factors into the measured electrical activity. 

19. The system of claim 18, the processor determining the 
adipose thickness factors by applying results of obtained 
measurements from a sampling of individuals, the results 
relating adipose thickness to general characteristics mea 






