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ABSTRACT

Neuromuscular difference between normal subjects and low-back pain pa
tients has been identified in terms of neural excitation signal measured by
Electromyography (EMG) under the dynamic flexion/extension trunk motion.
Ten healthy subjects and ten low-back pain patients were recruited for this
study. New parameters and normalization technique were introduced to quantify
the muscle excitation pattern among the flexor-extensor pairs of muscles :
rectus abdominis (RA)-erector spinae (ES at L1 and L5 level), external oblique
(EO)-internal oblique(IO), rectus femoris (quadricep : QUD)-biceps femoris
(hamstring : HAM), and tibialis anterior (TA)-gastrocnemius (GAS). Results
indicated that the temporal EMG pattern such as peak timing difference
between the hip flexor (QUD) and extensor (HAM) and the duration of
coexcitation between ES at L5 and RA muscle pairs showed a statistically
significant difference between normal subjects and low-back pain patients.
Importantly, this study presented a new technique to identify the dynamic
muscle excitation pattern that can be least affected by EMG-length-velocity
relationship. Further study can performed to validate this method for clinical
application to quantitatively identify the low-back pain patients in the future.
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integration 3}7] $18] 15ms®] window& AM§-
stedtk AHAlA el EMG signal® frequency s
=4 s A%, 200-300Hz olAte] =
distributiono] F7A3%) st FAE Hol

2 (Winter, 1990), 500hz F =7 %3] &
Oﬂ TAHEL] AHRE AFT 7 UE i—c’—i
A= gt 9 2] surface EMGE 97|
7% TAbsl=d AMEE AT Analog- d1g1tal
converter”} 120Hz®] ®]&(frequency rate)®
data® DZ‘g],CE. pS| ;2]7}_ 1‘1041;}
oA A G0z ARE, 28 EMG
Felgle]l 715 5 glov

AA
1, ik—?— = %

JQL' lo

s

ol
nchronous) H]JL#”% 9 120Hz
At 486 PC7} o] &t data® 715
A7t r] 91sle] A= ok

‘:'

(=Ne]

Z2E9| AMed (Muscle selection)

o] Fal/H S£EA| ALLEE

o](major flexors and extensors) ”‘d

t}. Rectus abdominis (RA)7} 318l¢] flexor
2, erector spinae (ES)”} 3]2]2] extensor®
Ad=Edel &3], Toussaint et al.(1995)2]
Hael ostdl, #e]e] HFAA FH-ol 7i7)
£ Fo] ESellA E& EMG A37} 7] E59]
i B €9 7] Wil lumbar 5th verteb
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33 3. Surface electrode at external oblique,
internal obligue and ground electorde

a2l 1. Surface electrode at ES(L5), ES(L1)
and internal obigue

18] 2. Surface electrode at RA and
external oblique 18l 4. surface electrode at QUD and TA



pai

A% KR AR L

12l 5. surface electrode at HAM and GAS
2.5 A8 AHE (Experimental design)
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IEMG, (c)definition of beginning and
end of the cycle

3 71s8H &

2ads | A4 [ A [ 258 [ 259R |
CIERE S U L
peak diff RA-Lo B | P | 1617 247

pead Giff QUD-HAM | 4463 | 1409 | 1891 1248
peak diff TA-Lo M) 1M B0 1906

8 RS p NN
— ©) - - Beolol| A (quadriceps and hamstrings), 8%
Average position, velocity .proflle 82}2] A$- pead difference’t Aol H]
normal subject kd07, trial7 A AAE] a® Ae 2 & 9lw, W] 3
= 150 N\ n 22 2ol 284-2lolA] (rectus abdominis
=4 128 / \ § and erectos spinae at L5 level) coexcitation®]
§ 0y S B | ekt Ane 8Askl M AT ¥ S
g 50 N é t} ol2iat RE3ER}] coexcitation®] F7} &
$ 100 \ / B 212 external obliques} internal oblique &%
2 150 " ]2 | Aeldids @Asle] Aok
0 ‘ 100
cycle time (%)
[ - — I 4. ANOVA Table
- DOsItoN —
postion —velocty | E ki source|DFIF  [Pr>F |
a2l 6. (@) unfitered IEMG, (b) processed :
peak diff RA-L5 igroup |1 |454 04720

peak diff QUD-HAM group |1 {18.76|0.0004**x

peak diff TA-GAS |group |1 |0.01 |0.9162

coexcit RA-L5  |group |1 460 |0.0458%x

coexcit QUD-HAM |group |1 (064 {04358

coexcit TA-GAS |group |1 [0.29 |0.5989

coexcit TA-IO  |group |1 |3.61 |0.0734%

coexcit RA-L5 U6 | 0B | TR )|
coexctt QUD-HAM 163 | 192 | By R1N5)
coexcit TA-GAS BR | NB 1Y 149
coexit EO-10 B17 | B0 | B3 e
| coexcit RA-LI BB | UH | 8RB 2%

3.2 7t A™AD (Hypotheses testing)

Lol A® F<LHHSE Analysis of
Variance (ANOVA)E g3l 2 714 9]
A==t AL 25321719 temporal
EMG pattern®] tole 7R7e] &+5HE =
AbE9l ® 4o fofEegcth & 3% E 4
o] AFE £33 249, Hipg #3°le <%

coexcit RA-L1  |group |1 |1.49 |0.2377

]
* significant at p<0.1, **significant at
p<0.05, *** significant at p<0.01
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o]9) el %, peak timing® TS temporal
order”} flexorg AlolelA] 18]I extensors
Atolo| A FAEQITh 252 peak timing®l
Az 3o} AR, FE surface
electrode’} 2= T8 F39)9 AolF A
357 & a5o] ALUE JHsAel =2
22 B3 A AF 39 71E2AR
24 2 7FA7) 9l& Aeldh #e 7158 2
$2] peak timing?] A& 9= II/¥
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Fo] WA excit Hex 9 FAFANA
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TARE AME 5 US Aoz 7dE £ 5
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extensor LHoOl|AM 2| H|I2
Aol fé*o“fd 44 & 7 i& A 24
3 ¥ AT E #9A
flexor RA 7475 | 16261 3 2
flexor QUD 4836 1 2400 1 1 14312117541 1
flexor TA 6055 | 1363 | 2 |5422|1746] 2
extensor L1 53751 2851 | 4 14766114591 2
2 1
3 3
1 2

9692 12390

extensor L5 4141 | 1776 39.30 | 21.20
extensor HAM | 46.71 | 29.20 5430 119.15
extensor GAS | 2945 | 2513 14656 | 26.77

4. EE2 (Discussion)
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2 A4 242 reciprocal patterne] A<
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7% dynamic EMG pattems 223531
coexcitations A& 3= A2 siYe] s
WE e, 53] excitation  leveld  AA
(define)dt= FA o)A, thekdl threshold
level(0% A 1009%)& AAAbstzm, - Ax
20-40%% 71Eo2 Y& AS A
o7} 7tA dA g A& TR E £l g3l
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Aek =& &7t 29 7ol vehd glch

Distribution of Coexcitation
RA vs. ES(L5) at trial7
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N
(]

percentage of cycle time
D
o
]

&7, Threshold levelol| 2 coexcitation2|
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A, EMG signalE normalizedl= 73 o
Al i 7kA] 7o) A=) B3], 50
2 s xRz RE AFEE 2 maximum
voluntary contraction (MVC) kg deof
g 7] dlFell, submaximal contractiong
5% normalization ¥} o] pilot subject® £
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3] Aleslw 2 Axrt ZAFE S Subma
ximal contraction g Fr=3] Wr]28 resista
nce 7FE3=, 50 percentile 719} FAE 71A
I2ls 7iFEo 2 d-8u 50 N-m7} free dyn
amic situationollA] 823 z150] Fejgle] ¥
4= 9l torque® estimate ¥lo1F tHGorden
et al,, 1989 : Marras et al., 1994 : Kim, 1995).
olzpe] 74 dubH ez dxzie] 50%4 =2
resistance (25 N-m)7} AH8-5 sich(McNeill et
al., 1980 : Schitz, 1980). Z2{+} submaximal
contractiond}ell 41 &) EMGE 7} 1 pilot test
& sE An, 253 Z8Akele] Welx
(within subject error)¢} HA 3 xte} A=A}
7b2) wio] X (between subject error)7} o1H 73
9-of 100 ©]4F Aolrt vp=E AREE7lel &

7her Aubrt FEE7|= shsdch ol °1

2z qls] EAFAE 7Nl dynamic
EMG®9] peakE AR83te] EMGE normalized}
= wp S pilot subject® E3 ARS8 Bk,
<2 73} normalized EMG signal®] *o]x9]
EA7E A=A} o] W] wohE A2

normalizeE 3171918 maximum EMG el

/\1x] -T»'—a’]/.zi E_zl- °ﬂ 0401;{1 P o] o Uiy _7;_
71el Age) dagle a2 s AFAZE
ste g AP EFo) kg Fel Fate] F
8 v A% ‘ilﬂ}i ol adeh
EA o 2 A% EMGE normalize
= #A e gled *‘141 I A

sl ¢ siA
= 159 Zol(length)2} &4 = (velocity)
7} EMG signalel ¢lxl& <88 aeish=
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