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[Abstract] Objectives: To assess the coordinated activity erector spinae muscles in AIS patient based on
high—density surface electromyography (sEMG). Methods: A high—density sEMG array was symmetrically at-
tached on lumbar back along spine for both AIS and healthy subjects, and sEMG signals were collected when
the subjects performed two kinds of torso movements(upright standing and trunk flexion). For each channel, its
root mean square(RMS) values were calculated from the sEMG recordings and were smoothened with interpo-
lation method. Then the RMS values of all the channels were used to create a sEMG topography to analyze
the muscle coordination activities. Results: Our experimental results demonstrated that during upright standing
and trunk flexion tasks, those tense activity regions presented a bilateral symmetry in healthy subjects. For
AIS patients, their tense activity regions did not have a bilateral symmetry, which was stronger at convex side
than at concave side. In upright standing posture, the average RMS value of the strongest region in AIS pa-
tients’ convex map was 66.92+12.05uV, greater than 23.77+4.04V at the concave side. In trunk flexion pos-
ture, the average RMS value of the strongest region in AIS patients’ convex map was 192.25+87.62pnV,

greater than 95.70+25.93V at concave. sEMG energy at convex side became higher and the ratio to concave
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got bigger as the increase of Cobb angle. For AIS patients with different Cobb angles, the ratio of those
sEMG energy in each column at convex to its symmetrical column at concave showed that the most signifi-
cant difference was presented at the overlapping region of paraspinal and other muscles belly. Conclusions:
The RMS maps of the sEMG in AIS patients were significantly different from those in healthy subjects for
both tasks of upright standing and trunk flexion, namely, sEtMG energy at convex side was higher than that at
concave, which became stronger with the increase of Cobb angle.

[Key words] Adolescent idiopathic scoliosis; High—density surface electromyography; Paraspinal muscle; Coor-
dinated activity
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Table 1 Subject characteristics
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Figure 2 The sEMG characteristics of healthy erector spinae muscles of the control group in the trunk flexion condition

a, b The strongest sEMG contaminated by ECG in left and right erector spinae muscles, respectively ¢, d The strongest

sEMG without ECG artifact in left and right erector spinae muscles, respectively e, f Amplitude spectrum of sEMG in

left and right erector spinae muscles, respectively g, h Power spectrum of sEMG in left and right erector spinae muscles,

respectively
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Figure 3 The sEMG characteristics of erector spinae muscles of AIS patients in the condition of trunk flexion a, b The

strongest sEMG contaminated by ECG in left and right erector spinae muscles,

respectively ¢, d The strongest sEMG

without ECG artifact in left and right erector spinae muscles, respectively e, f Amplitude spectrum of sEMG in left and

right erector spinae muscles, respectively g, h Power spectrum of sEMG in left and right erector spinae muscles, respec-

tively
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Figure 4 The topography of sEMG in erector spinae muscles during tasks
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04  (Those values located at Y and X axis indicate relative column and row

number of array electrodes, respectively) a Healthy subject during upright
standing b Healthy subject during torso flexion movements ¢ AIS subject

during upright standing d AIS subject during torso flexion movements




508 o[ A R 2L R 2021 4E4 31 4855 6 1)

Chinese Journal of Spine and Spinal Cord, 2021, Vol. 31, No.6

T JAIT AIS B Bt —E 5%,

AIS SBE MR AR, BB IS E A
TREBE ., AW E T MRI S AR5
B 2L BIAAT T, A & E
WU B RS B S A0 ), R 0 s UL AL 7
T AR R T T £ UL S 2 AR A
JNI921 i S LAY SEMG 5 R LY & IR
FEAESRAH DG, RIS 00 % 55 WL BOIR S B Gr
sEMG {if 2B [0 A LR B OIRAS RAE,
SEMG 16 sh 4055 . AIS HBE ™ I =22 8] i 25 5 52
e o 8 5 L5 B A AL 22 ] ) P[] 3 ghyLie 22 231
Martinez 524N kW 5 ALY [R]85 2 (1) 57 5 45 B AR
BH W IZ BRE T, IF ] REREAR AR 1 iz B A I
Hh AIS BB KT SR KB o Mz
) Y 22 2 Ty | TV 22 S AR %o e 4 L 5 M e
S WIUEE BRI 35 203 B A AN R 5 i K

WG ZARH AR UES IR T 0 5%
AIS Z i E W AFRIET B Cobb AT 10°~30°2Z
[, Cobb f<10°HF, ™ MUl sSEMG 58 Ji 22 5 AH X
BN, AR SN MUK T 5 B ALY 55 B [
1% 3); Cobb f1>3000F, A& & MU ERAL 5 IRz ik
“Yrs G, AR T 25 BERE S R A A & it 4h
AR TR BE, 5L E AR g
IF5E Bt 1Y B AE N i R % WU 4 1 3o R 3 1 [ I
H T RER SR MR Z A FH AN IR AL, PR e
ZARE ARSI P A RS Ry 22~28 &,

TR R T T WU PEAL ALS BB R

U5 MBS SR URE B B [R5 3, PSR 45 & KT i
B 5 RE N T SR Bt T B SR T
AT P A AR X 1 2 s A, R SRS 32 il
Wi 3 LS RO PR LR 8 R A R AT iR
SR, 22 A7 T 00 L PR 5 3% 2 I I 3% sl 1, B 5l
sEMG 775 8l % 1 20 DX N 12 3880 X AR B,
2, W BR R 5 3h 28 Bk A X Bk

fa R 22 1 #H sEMG 355 HAE M P B R T 88
TF (X R BRI e A L PR 7 X B R
BRI 3 75 B DX IO FR B, 1k A 6 BR P AR
AIS BE TIEARFELE , (EFRZIAE A S
AR, N A LAE PR &
sEMG HiJE B BIVAT 7 H0 A 0 i A2 A 6 Bk o T
AIS fB# sEMG HuJP B8 Z A2 4 0P FRiE, RN
M SEMG 3 3l F MU, AR T I LR &
TR LR R AN 0] T (2 15 S A
] L0 ) | S 3520 A DU R O ) 4 2 A, R AR AR
TR A R RERE ] IE RS X FoE i )
FA 1“2 1E " J7 2OF A 7= A 83 BT FU A R
01 O 2 O URE B R O, AT e S 3 0 LA 9
557 55, B R L5 T S LR DI ) 0 B0 )
o

HEAT X B K F S, ALS B sEMG b
JE I fig 2 [K Cobb ff1 £ A4 A [ 17 52 B A 1 B0 A
B8 Ak, 5 1 B X RE HE R Cobb fA Y
S NI (1)L T L 1T NS Ty (Y B2/ S I I ]
58 1% 2 X 3kt 58 2%t Bl Cobb £ 2 (14 3% fin i

—o—= —o—=
’E’a .
o o -
&5—d
— 8 .

5 ALS ABRAE AR WUMLN 0L T B LB a HE B S A0 R 0 XS FR B B A LUAE b KT T 0 R 1) X AR
FIfE s LEAE ([ 2 EE 1 50 X FRES 10 Z0 6 LL(E 5 [ 27m 28 2 9 S HXE AR A 9 3 i LU AR 5 M %7m (265 3 1)
SRS FRAS 8 HU A LUAE ; IV R NS 4 51 XX FRES 7 50 M LU V R S 5 9 XX RR S 6 91 1 LL(E)

Figure 5 sEMG comparison of erector spinae muscles in AIS patients a Indicates the energy of each column at convex
and concave sides during upright standing b Indicates the energy of each column at convex and concave sides during
torso flexion movement| I, II, I, IV, and V indicate the mean ratio of the first(second, third, fourth, and fifth) column

at convex side to its symmetrical column namely the tenth(nineth, eighth, seventh, and sixth) column at concave side]
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