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Development of compression garment of soft type for orthotherapy on low
back pain and the improvement of asymmetric EMG
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Abstract

The purpose of this study was to develop the construction process of orthopedic compression garments (OCG) for
balancing of the left and right lumbar muscle power and strength to prevent low back pain. One male subject having
low back pain was involved for investigating of the lumbar muscle power. EMG (Telemyo DTS2, Noraxon, U.S.A)
was measured with/ without 3 types of waist assistant belt around the waist area of the subject. Based on the electromyogram
value of left and right body, OCG were constructed as follows.

Firstly, stretchable t-shirts type with supportive waist belt was selected for the convenience of wearing and laundering
the OCG. The design lines of the front and back waist parts were created depending on the anatomy of the torso.
Secondly, 3D pattern was developed using 3D Clo, RapidForm XOR, 2C-AN, and Yuka CAD program to increase
the fit of the OCG. Finally, stretchable power-net was layered as linings in two ways, a single lining and double
layered linings, and evaluated measuring lumbar muscle EMG by five subjects with low back pain. As the results,
they were effective to balance the left and right lumbar muscle power and strength. Also the OCG with the double
layered power-net lining was superior to the one layered lining in terms of fit and comfort.
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[Figure 1] Six Locations of Electromyogram (EMG) Sensors

(P1= Right erector spinae muscle, P2= Right lumbar muscle, P3= Right multifid muscle,

P4= Left erector spinae muscle, P5= Left lumbar muscle, P6= Left multifid muscle)

(a) Typel
(Figure 2] Three Types of Waist Support Belts for Posture Correction

(b) Type2

(c) Type3
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[Figure 3] Results of EMG which was Measured for Three Minutes in Three Terms (1 Term = one

minute :

a cycle of relaxation and tension)
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(Table 1) Right and Left Standard EMG for Subject 1(S1) in Nude

Right Left
S1(Nude) t P Balance
P1 P2 P3 Mean P4 P5 P6 Mean

Relaxation 2.1 1.1 6.5 323 3.5 12.1 14.1 9.90 -4.728 001" unbalance
Standing :

Tension 0.7 0.4 1.0 0.70 0.8 1.7 2.5 1.67 -3.211 .012 unbalance

Relaxation 0.3 0.3 0.3 0.30 0.3 0.6 0.4 043 -2.828 022" unbalance
Sitting

Tension 43 2.5 1.7 2.83 1.1 1.3 2.1 1.50 2.294 .051 balance

*p < .05

(Table 2) Right and Left Standard EMG for Subject 1(S1) when Wearing Three Types of Assistant Belts

S1 Right Left
. . t p Balance

(wearing assistant belts) P1 P2 | P3 | Mean | P4 | PS5 | P6 Mean

Relaxation 6.8 8.2 14.5 9.83 43 | 65 | 147 8.50 2.282 071 balance
g Typel
t Tension 1.4 1.0 1.6 1.33 09 | 0.7 19 1.17 0.881 419 balance
a Relaxation 5.5 8.4 15.1 9.67 19 | 58 | 151 7.60 3.015 .030* unbalance
n Type2

ype!

d Tension 2.6 2.1 3.4 2.70 1.3 1.2 | 35 2.00 1.542 184 balance
i
n Relaxation 1.8 1.8 2.8 2.13 0.6 1.4 | 3.1 1.70 1.000 423 balance
g Type3

Tension 1.5 9.1 21.6 10.73 43 | 80 19 1043 0.186 .869 balance

Relaxation 0.2 02 0.6 0.33 03] 02/ 03 0.27 0.916 402 balance
g Typel
i Tension 4.1 1.7 1.8 2.53 22 1.2 1.8 1.73 2.201 .079 balance
t Relaxation 0.4 0.4 0.8 0.53 04 | 04| 06 0.47 1.000 363 balance
t Type2
1 Tension 4.5 24 4.1 3.67 14 | 20| 46 2.67 1.171 294 balance
n
g Relaxation 0.2 02 0.5 0.30 02| 02 03 0.23 1.000 423 balance

Type3
Tension 29 1.6 2.1 2.20 1.5 1.1 1.5 1.37 2.926 .100 balance
*p < .05

Typel= waist and upper ilium covering type

Type2= waist belt type

Type3= waist belt with additional banding crossing back and armhole
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(b) Newly Developed Prototype

[Figure 4] Comparing Two Types of Waist Support Belts Considering Anatomical Configuration
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&5 AAsGrk o] u) AR A8 AdE(applied
amount of ziegert % fabric stretch)S At 2459

(a) Nude

(b)Typel

[Figure 5] Comparing the Fit of Typel and Clothing Prototype of OCG
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[Figure 6] 3D Human Model and Design Lines
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(Table 3) Percent Fabric Stretch of each Fabric and Pattern Reduction Rates

Bodice Waist Waist Lining
Fabric Type Single Jersey Power Stretch Power Net
Fiber Contents N/Span=92/8 N/PU=91/19 N/Span=80/20
% Fabric Stretch(Wale) 34.50% 15.00% 24.85%
% Fabric Stretch(Course) 73.00% 27.50% 17.15%
% Fabric Stretch(Bias) 62.70% 22.50% 27.10%
Applied Amount of Ziegert % Fabric Stretch(Course) - 76.00% -
Pattern Reduction Rates(Course) - 25.00% -

B e e o S e e R

[Figure 7] 3D Patterns(Left) and a Prototype of Orthopedic Compression Garment(Middle and Right)

(Table 4) Body Measurements of Five Subjects

unit: cm
Measurements S1 S2 S3 S4 S5
Height 172.0 176.0 178.0 172.0 173.0
Weight(kg) 73.0 71.0 72.0 58.0 68.0
Bust Circumference 100.0 92.8 92.5 78.5 91.0
Chest Circumference 103.5 96.0 91.0 88.0 94.0
Waist Circumference 80.5 80.5 77.0 71.0 79.0
Waist Circumference(Omphalion) 81.0 80.5 79.5 74.3 81.0
Hip Circumference 94.5 98.0 98.0 94.0 96.0
Thigh Circumference 54.0 56.0 53.0 47.5 51.0
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(Table 5) Right and Left Standard EMG for Subject 1(S1) when Wearing Experimental Clothing C1 & C2

Right Left
Sl t P Balance
Pl P2 P3 Mean P4 P5 Po6 Mean
Relaxation 2.3 0.5 49 2.57 2.4 8.2 7.2 5.93 -2.943 019 unbalance
S Nude
t Tension 1.0 0.3 1.3 0.87 1.0 32 2.9 2.37 -3.047 016 unbalance
a
I Relaxation 9.6 10.1 152 11.63 6.4 8.5 16.7 10.53 1.527 .165 balance
Cl
d Tension 1.6 1.5 3.0 2.03 1.1 1.0 33 1.80 .906 .391 balance
i
n Relaxation 8.9 104 14.5 11.27 5.1 7.1 16.2 9.47 2.035 .076 balance
g 2
Tension 1.9 1.9 33 2.37 1.3 1.2 4.9 2.47 -0.264 799 balance
Relaxation 0.3 0.2 0.4 0.30 0.6 0.5 0.6 0.57 -7.155 000 unbalance
Nude
? Tension 1.6 0.7 0.9 1.07 1.1 0.8 0.8 0.90 1.224 .256 balance
i
t Relaxation 0.2 0.2 0.2 0.20 0.2 0.2 0.3 0.23 -1.528 170 balance
t Cl
; Tension 1.6 0.7 0.6 0.97 1.7 0.7 0.8 1.07 -1.426 197 balance
n Relaxation 0.2 0.2 0.2 0.20 0.2 0.2 0.2 0.20 - - balance
SN /)
Tension 53 2.6 0.5 2.80 39 0.9 0.9 1.90 2.146 .064 balance

Cl=Compression Garment Prototype 1,

*p < .05

C2=Compression Garment Prototype 2
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(Table 6) Right and Left Standard EMG for Subject 2(S2) when Wearing Experimental Clothing C1 & C2

Right Left
S2 t P Balance
P1 P2 P3 Mean P4 P5 P6 Mean
Relaxation 1.7 1.3 32 2.07 19 32 69 4.00 -3.035 016 unbalance
S Nude
¢ Tension 03 04 04 0.37 03 04 05 0.40 .000 1.000  balance
a Relaxation 1.8 14 37 2.30 21 47 11.0 593 -3.578 007 unbalance
o Cl
d Tension 03 05 04 040 04 03 04 037 1.000 347 balance
i
n Relaxation 2.1 1.6 26 2.10 20 25 55 3.33 -1.996 .081 balance
g @
Tension 03 05 04 0.40 03 04 07 0.47 -1.333 219 balance
Relaxation 32 1.3 1.8 2.10 29 24 56 3.63 -2.428 041" unbalance
Nude
S Tension 48 2.1 1.6 2.83 39 29 45 3.77 -1.592 150 balance
i
t Relaxation 03 02 02 0.23 03 03 03 0.30 -2.530 035 unbalance
t Cl
i Tension 4.6 1.8 09 243 36 28 26 3.00 -1.194 267 balance
n
g Relaxation 03 03 03 0.30 03 03 05 0.37 -1.941 .088 balance
2
Tension 46 2.1 1.5 2.73 43 3.0 44 3.90 -1.968 .085 balance
Cl1=Compression Garment Prototype 1, C2=Compression Garment Prototype 2
*p < .05
(Table 7) Right and Left Standard EMG for Subject 3(S3) when Wearing Experimental Clothing C1 & C2
Right Left
S3 t P Balance
P1 P2 P3 Mean P4 P5 P6 Mean
Relaxation 6.1 24 48 4.43 42 49 65 5.20 -1.003 345 balance
S Nude
¢ Tension 05 04 04 0.43 05 04 04 0.43 -1.000 347 balance
a Relaxation 6.1 19 16 3.20 34 39 31 347 -0.320 157 balance
o Cl
fi Tension .1 05 03 0.63 07 04 04 0.50 1.598 149 balance
i
n Relaxation 77 43 59 5.97 53 83 108 8.13 -1.684 131 balance
g @
Tension 07 04 04 0.50 05 06 05 0.53 -1.000 347 balance
Relaxation 66 30 1.1 3.57 71 65 27 543 -3.906 .005*  unbalance
Nude
S Tension 1.3 06 06 0.83 37 13 06 1.87 -2.748 .025*  unbalance
i
t Relaxation 6.1 30 12 3.43 68 71 39 5.93 4273 .003*  unbalance
t Cl
i Tension 30 1.0 07 1.57 68 38 13 397 -4.395 .002*  unbalance
n
g Relaxation 30 1.0 05 1.50 22 12 05 1.30 799 447 balance
2
Tension 31 09 07 1.57 28 09 06 1.43 622 551 balance

Cl=Compression Garment Prototype 1,

*p < .05

C2=Compression Garment Prototype 2
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(Table 8) Right and Left Standard EMG for Subject 4(S4) when Wearing Experimental Clothing C1 & C2

Right Left
S4 t P Balance
P1 P2 P3 Mean P4 PS5 P6 Mean

Relaxation 36 21 21 2.60 37 32 44 3.77 -3.233 .012* unbalance

ts Rude Tension 1.7 10 1.0 1.23 13 09 13 1.17 610 .559 balance
?1 o Relaxation 31 19 20 2.33 36 34 34 347 -5.026 .001* unbalance

d Tension 1.3 1.0 08 1.03 12 07 08 0.90 2.036 076 balance
:1 Relaxation 37 62 98 6.57 50 53 99 6.73 -3.168 .013* unbalance

i Tension 1.2 41 63 3.87 12 30 74 3.87 -0.837 427 balance
Relaxation 56 21 32 3.63 7.8 43 45 5.53 -8.621 .000***  unbalance
S Nude Tension 46 18 20 2.80 64 39 29 4.40 -8.422 .000***  unbalance
; Relaxation 56 22 24 3.40 62 36 47 4.83 -5.178 .001* unbalance
? ‘! Tension 60 24 23 3.57 75 41 36 5.07 -7.671 .000***  unbalance
g - Relaxation 07 06 17 1.00 0.5 06 25 1.20 -5.008 .001* unbalance
Tension 31 25 67 4.10 59 34 170 543 -21.527  .000*%**  unbalance

Cl=Compression Garment Prototype 1, C2=Compression Garment Prototype 2
*p < .05 **p = .000

(Table 9) Right and Left Standard EMG for Subject 5(S5) when Wearing Experimental Clothing C1 & C2

Right Left
S5 t P Balance
P1 P2 P3 Mean P4 P5 P6 Mean

Relaxation 74 78 118  9.00 88 80 104 9.07 -0.186 857 balance

S Nude Tension 32 102 137 9.03 31 83 146 867 .836 428 balance
% Relaxation 37 62 98 6.57 50 53 99 6.73 -512 622 balance
? “ Tension 1.2 41 63 3.87 1.2 30 74 3.87 .034 974 balance
g Relaxation 33 43 67 4.77 48 38 73 5.30 -1.866 099 balance
< Tension 06 L1 17 1.13 07 08 16 1.03 1.606 147 balance
Relaxation 1.9 07 10 1.20 28 10 14 1.73 -1.940 088 balance

S Nude Tension 26 62 91 597 41 55 106 673 -1.759 117 balance
; Relaxation 07 06 1.7 1.00 05 06 25 1.20 -.783 456 balance
} “ Tension 25 13 27 2.17 33 1.7 24 2.47 -1.443 187 balance
g Relaxation 05 04 03 0.40 05 04 04 0.43 -1.000 347 balance
< Tension 34 38 38 3.67 39 40 49 4.27 -1.706 126 balance

Cl= Compression Garment Prototype 1, C2= Compression Garment Prototype 2
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(Table 10) Differences of Right and Left Standard EMG for Five Subjects

n=5
Right Left
t P Balance
Mean (SD) Mean (SD)
Nude 4.1 (3.1) 5.6 (2.6) -2.473 .027* unbalance
Relaxation Cl 52 (4.2) 6.0 (4.0) -1.255 230 balance
C2 6.1 (3.6) 6.6 (3.6) -.721 483 balance
Standing
Nude 24 (4.0) 2.6 (3.9) -.825 423 balance
Tension Cl 1.6 (1.7) 1.5 (1.9) .868 400 balance
C2 1.7 (1.7) 1.7 (2.0) -.117 908 balance
Nude 2.2 (1.9) 3.4 (2.5) -3.847 .002* unbalance
Relaxation Cl1 1.7 (1.9) 2.5 (2.7) -2.607 021%* unbalance
C2 0.7 (0.8) 0.7 (0.7) -.245 810 balance
Sitting
Nude 2.7 2.4) 3.5 (2.7) -2.741 .016* unbalance
Tension Cl1 2.1 (1.5) 3.1 (2.0) -3.071 .008* unbalance
C2 3.0 (1.7) 3.4 (1.9 -1.274 223 balance
*p < .05
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(Table 11) Total Mean Difference of EMG when Wearing Experimental Clothing C1 & C2

Standing Sitting
Relaxation Tension Relaxation Tension
S1~S5
R L R L R L R L
Nude~Cl1 +1.1 +0.4 -0.8 -1.1 -0.5 -0.9 -0.6 -0.5
Nude~C2 +2.0 +1.0 -0.7 -09 -1.5 -2.7 +0.3 -0.1
Total Mean Difference of EMG
(Table 12) Results of Subjective Wear Test
n=5
Cl C2
Satisfaction t p
Mean (SD) Mean (SD)

Pressure on Abdomen 4.7 (1.1) 5.7 (1.0) -2.390 .075
Supportive Waist 5.4 (0.51) 6.5 (0.5) -2.750 .051
Standing Pressure on Waist 5.0 (1.21) 6.0 (0.8) -3.651 .022%
Overall Comfort 5.4 (1.51) 6.0 (1.4) -.647 .553
Movement of Bending or Flection 5.4 (1.31) 5.6 (1.5) -.343 749
Pressure on Abdomen 5.8 (0.41) 6.0 (1.2) -.356 740
Supportive Waist 5.1 (1.01) 6.1 (0.7) -3.651 .022%
Sitting Pressure on Waist 4.8 (1.31) 6.1 (0.7) -4.333 .012%*
Overall Comfort 4.5 (1.41) 4.8 (1.8) -1.500 208
Movement of Bending or Flection 4.3 (1.31) 45 (2.2) -.302 778

Cl1=Compression Garment Prototype 1, C2=Compression Garment Prototype 2
Responses using a 7-point likert scale (1=extremely dissatisfied, 7=extremely satisfied).
*p < .05
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