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Parameterization of Dynamic Electromyographic Signal
for Diagnosing L4/L5 Disc Patients
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Abstract

Numerical porameters have been developed to diagnose L4/L5 disc patients during repefitive
flexions and extensions. Electromyography(EMG) hos been used 1o define the muscle excitafion
ond movement cycle in this study. Twenty heolthy subjects and twenty L4/L5 disc patients were
recruited for the experiment, The subjective pain levels of pafients were recorded as 3.7 +1.6
according to visuot analogue scale where 10 wos the meximum pain level. Variance ratio of
mation cycle was suggested as a new parameter to exemine the consistency of the trunk
movement, The results indicated that the temporei EMG pafiern such as peck fime difference
between Quadriceps and Homstrings, the duration of coexcitation hetween Erector spinae and
Rectus abdominis muscle pairs showed a statistically significant difference between healthy
subjects and patients. Yarionce rafio of External oblique ond Infernal obligue also showed a
statisticatly significant difference. It is expected that those results could be used for diagnosis
by building o database for various back pain potients and heaithy subjects. This method can
eventually help physicians for early diagnosis and preventien of low back disorders.
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Table 1. Anthropometry of healthy subjects

sub # age sex | wikg) ht{em}
1 2% m 70 182
2 22 m 55 176
3 25 m 59 167
4 25 m 68 176
5 23 m 75 170
6 27 m 59 178
7 25 m 85 169
8 28 m 68.5 171
9 25 m 62 163
10 26 m 73 180
11 28 m 63 170
12 %5 Im 78 173
13 %6 i om 66.8 170
14 27 m 63 173
15 25 m 85 170
16 28 m 89 1825
17 29 m 725 172.5
18 25 m 80.5 175
19 27 m 7 168
20 28 m 75 172
avg/std | 25.8M1.84 | nfa | 66.97/6.28 | 172.8/4.97
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Table 2. Anthropometry of L4/L5 disc potients

sub # age sex wilkg} htlem)
1 34 f 65 155
2 50 f 58 153
3 35 m 79 176.5
4 49 f 83 152
§ 47 f 63 188.5
6 a5 m 78 167
7 43 f 51 149
8 26 m 705 178
9 49 m 61.5 166
10 41 f 58 153
11 57 f 61 160
12 56 f 525 158.5
13 56 m 75 171
14 50 m 70 165
15 51 m 77 176
16 51 m 65 169
17 53 f 83 150
18 57 m 85 163
19 36 f 68 162
20 52 f 55 160

avg/std | 46.9/8.62 | nia | 65.93/9.3 162.13/8.9

Table 3. Experimental design including independent and
dependent variables

» Independent Variables

healthy subject

patient

p Dependent Variables

at ES-RA

coexcitation at EQ-10

at QUD-HAM

at ES-BA

peak time difference at QUD-HAM

at ES

at RA

at EQ

variance ratio
at 10

at QUD

at HAM

Figure 1. Posture of flexion/extension
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Figure 2. Flowchart of signal processing
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Figure 3. Signal Processing
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" Figure 4, Definition of one cycle and selection of cycles
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Figure 4. Data processing of duration of co-excitation

point i

ff- = the average of the EMG values at time point i

averaged over j realizations of the experiment
X = the grand mean of the average EMG signal
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A. rectus abdominis(RA) and erector spinae(ES)
B. external oblique(EO) and internal oblique(10}
C. quadriceps(QUD} and hamsirings(HAM)
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citation |<A)7H- Figure 79448 F525 2829
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Table 4. VAS summary of L4/L5 disc paofients

sub# | VAS sub # VAS
1 1 25 11 25
2 35 12 2.1
3 28 13 38
4 37 14 43
5 8.5 15 25
6 72 16 6.3
7 2.8 17 6.6
8 2.4 18 3.1
9 37 19 2.1
10 29 20 22
avyy/std 3.675/1.649
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Table 5. Descriptive statistics

dependent healthy subjects |L4/L5 disc patients
variables avy std avg std
peak diff.
RAES 30.53 845 | 27.07 12,69
peak diff.
QUD-HAM 3824 9.80 | 291 452
coexgcitation :
. . . 11.82 -
RA-ES 2531 1563 | 37.30 B2
coexgcitation
10-E0 2493 | 1257 | 31.34 11.07
coexcitation
QUD-HAM 25.87 20.91 3513 15.41
¥R of RA 0.46 0.21 0.79 028 -
VR of ES 0.29 0.21 0.44 0.38
VR of EQ 060 | 027 | 077 | 030 |
¥R of 10 057 0.20 075 038 |
VR of QUD 0.67 0.29 o 0.37
VYR of HAM .34 0.19 0.43 0.3%
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Table 4. Result of ANOVA

depgndent source |DF | F PryF
variable
paak diff.
RA-ES group | 1 0.96 0.3339
peak diff. i
QUD-HAM group. 1 1368 0.0007
coexcitation .
RA-ES group | 1 | 749 0.0084
coexcitation R
EO-I0 goup [ 1 | 283 0.0949
coexcitation
QUD-HAM group | 1 254 0.1190
VR of RA goup | 1 | 17.59 0.0002"
VR of ES group | 1 | 2.30 0.1377
VA of 10 group { 1 | 3.60 0.0855"
VR of ED group } T | 3.20 0.0815
VR of QUD group | 1 0.15 0.7036
VR of HAM group | 1 | 0.85 0.3638

* significant at p { 0.1, ** significant af p { 0.0
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Toble 7. Descriptive statistics for age

dependent older than 50 | younger than 50
variables avg std avg std
peak diff.
RA-ES 28.23 11.61 26.32 14.82
peak diff.
QUD-HAM 30.38 4.06 2in 4.96
coexcitation
RA-ES 39.52 12.84 33.98 9.94
coexclaton | areg | 1287 | 2005 | 7.9
i0-EQ ’ ) ’ ’
coexcitation
QUD-HAM 38.48 15.21 301 165.25
VR of RA 0.72 0.18 0.88 0.38
VR of ES 0.32 0.13 0.61 0.55
¥R of EOQ 0.69 0.23 0.88 0.39
VR of 10 0.68 0.33 0.86 0.45
¥R of QUD 0.59 0.26 0.89 (.44
VR of HAM 0.33 .15 0.59 0.58

Table 8. Result of ANOVA for age

dependent variable | source | DF F PryF
peak diff.
BA-ES age | 1 | 0.24 | 06277
peak diif,
QUD-HAM age 1 1.75 0.2027
coexcitation

1 1. 37

RA-ES age 06 0.3179
coexcitation
EO-I0 age 1 0.56 0.4836
coexcitation
QUD-HAM age 1 1.45 0.2441
YR of RA age 1 1.71 0.2073
VR of ES age | 1 328 | 00870
VR of EO age 1 1.83 0.1814
¥R of 10 age 1 1.1 0.3051
VR of QUD age 1 361 0.0735
VR of HAM age | 1 ! 212 | o0.1828

* significant at p ¢ 0.1, ** significant at p { 0.04
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