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Abstract: According to recent data more than 80% of people suffer from back pain, due to an aging and a poor pos-
ture, at least once in their life time, and 7~10% of them have chronic spine illness. Researchers over the years have
studied on various spinal traction devices that utilize the force of traction, and have also reported clinical test results.
However, most existing devices are too complicated and too expensive. In order to solve these problems, we have
developed a new device in which the frame moves up and down and at the same time tilting angle of the frame is
adjusted. We have analyzed the forces applied on the body as a function of tilting angle. And the result shows that
the new device has achieved the force of traction, which is known to be effective for spinal rehabilitation.
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Fig. 1. Traction system component.
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Table 1. Physical Properties and Value.

Symbol Value Mean Symbol Value Mean
w 2.4 Traction angular acceleration (rad/sec) N 13.0 Number of the roller
T 2.6 Traction period (sec) 1 0.0 Momentum inertia (kgm?)
k 4083.0 Elastic constant (N/m) r 3.2 Radius of the roller (cm)
A 0.1 Distance constant (m)
Body weight (kg) 53 56 60 64 67 69 71 74 78 80
wy 7.9 7.7 7.5 7.3 7.1 7.1 7.0 6.9 6.7 6.6
m' 66.0 69.0 73.0 77.0 80.0 82.0 84.0 87.0 91.0 93.0
Ay 185.0 184.2 183.0 181.8 181.0 180.4 179.8 178.9 177.8 177.2
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Fig. 2. Implementation of the traction system.
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Table 2. Comparison of the Theoretical with the Experimental value according to the tilting angle at the Traction state.

53 kg 168 cm 56 kg 168 cm
Traction state Traction state
Angle Theoretical Experimental Difference of Angle Theoretical Experimental Difference of
Value (N) Value (N) T-V and E-V Value (N) Value (N) T-V and E-V
6° 143.3 135.2 8.1 6° 151.4 137.2 14.2
9° 170.3 154.8 15.4 9° 179.9 170.5 9.4
12° 197.0 207.8 -10.8 12° 208.1 225.4 -17.3
15° 223.4 254.8 -31.4 15° 236.1 263.6 -27.5
60 kg 171 cm 64 kg 173 cm
Traction state Traction state
Angle Theoretical Experimental Difference of Angle Theoretical Experimental Difference of
Value (N) Value (N) T-V and E-V Value (N) Value (N) T-V and E-V
6° 162.2 147.0 15.2 6° 173.0 163.7 9.4
9° 192.7 170.5 22.2 9° 205.6 187.2 18.4
12° 223.0 232.3 -9.3 12° 237.9 248.9 -11.0
15° 252.9 294.0 -41.1 15° 269.8 307.7 -37.9
67 kg 172 cm 69 kg 176 cm
Traction state Traction state
Angle Theoretical Experimental Difference of Angle Theoretical Experimental Difference of
Value (N) Value (N) T-V and E-V Value (N) Value (N) T-V and E-V
6° 181.1 157.8 23.4 6° 186.6 169.5 17.0
9° 215.2 190.1 25.1 9° 221.6 201.9 19.8
12° 249.0 255.8 -6.8 12° 256.5 277.3 -20.9
15° 282.5 315.6 -33.1 15° 290.9 338.1 -47.2
71 kg 175 cm 74 kg 183 cm
Traction state Traction state
Angle Theoretical Experimental Difference of Angle Theoretical Experimental Difference of
Value (N) Value (N) T-V and E-V Value (N) Value (N) T-V and E-V
6° 192.0 181.3 10.7 6° 200.1 181.3 18.8
9° 228.1 222.5 5.6 9° 237.7 224.4 13.3
12° 263.9 278.3 -14.4 12° 275.0 283.2 -8.2
15° 299.3 341.0 -41.7 15° 312.0 355.7 -43.8
78 kg 177 cm 80 kg 179 cm
Traction state Traction state
Angle Theoretical ~Experimental Difference of Angle Theoretical Experimental Difference of
Value (N) Value (N) T-V and E-V Value (N) Value (N) T-V and E-V
6° 210.9 183.3 27.6 6° 216.3 188.2 28.1
9° 250.6 229.3 21.2 9° 257.0 219.5 37.5
12° 289.9 290.1 -0.2 12° 297.3 313.6 -16.3
15° 328.8 366.5 -37.7 15° 337.3 384.2 -46.9
* Theorical value (T-V) : mgsin2 219-& 1 Z20] o3 A9l W= F& o202 AL 2k

* Experimental value (E-V) : 2o Azl A2
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Table 3. Comparative table of Ratio per body weight.

53 kg 168 cm 56 kg 168 cm
Stationary state Traction state Stationary state Traction state
Angle  Value Ratioperbody  Value Ratio per body Angle Value Ratio per body  Value Ratio per body
(V) weight (%) (V) weight (%) (V) weight (%) (IN) weight (%)
6° 83.3+5.9 16+1.1 135.2+6.6 26+1.3 6° 88.2+25 16+0.5 137.2+2.8 25+0.5
9° 99.0+4.1 19+ 0.8 154.8 £ 6.1 30+1.2 9° 109.8 £ 2.6 20+ 0.5 170.5+£3.1 31+0.6
12° 155.8+4.1 30+£0.8 207.8+7.1 40+1.4 12° 164.6+3.2 30+0.6 225.4 + 2.1 41+0.4
15° 176.4+7.4 34+1.4 254.8+ 4.6 49+0.9 15° 186.2+1.9 34+04 263.6 + 3.2 48 £ 0.6
60 kg 171 cm 64 kg 173 cm
Stationary state Traction state Stationary state Traction state
Angle Value Ratioperbody  Value Ratio per body Angle Value Ratio per body  Value Ratio per body
(N) weight (%) (N) weight (%) (N) weight (%) (N) weight (%)
6° 82.3+0.9 14+0.2 147.0+ 2.1 25+0.4 6° 92.1+1.6 15+0.3 163.7+4.0 26 +£0.8
9° 117.6+£2.5 20+ 0.5 170.5+£5.9 29+1.1 9° 135.2+4.7 21+£0.9 187.2+ 2.0 30+0.4
12° 170.5+1.3 29+0.3 232.3+2.9 40+ 0.6 12° 1764 +2.7 28+ 0.5 2489+11.2 40+ 2.2
15° 205.8+1.8 356+0.3 294.0+17.6 50+ 3.4 15° 215.6+2.6 34+0.5 307.7+3.1 49+ 0.6
67 kg 172 cm 69 kg 176 cm
Stationary state Traction state Stationary state Traction state
Angle  Value Ratioperbody  Value Ratio per body Angle Value  Ratio per body Value Ratio per body
(N) weight (%) (N) weight (%) (N) weight (%) (N) weight (%)
6° 104.9+1.8 16 +0.3 157.8 £ 2.5 24+£0.5 6° 101.9+5.3 15+1.0 169.5+£5.1 25+ 1.0
9° 138.2+3.0 21+0.6 190.1 + 2.6 29+0.5 9°  135.2+5.2 20+ 1.0 201.9+6.9 30+1.3
12° 184.2+3.2 28+ 0.6 255.8+ 3.7 39+£0.7 12° 196.0+10.9 29+ 2.1 277.3+4.6 41+0.9
15° 216.6+£2.0 33+0.4 315.6 £ 3.7 48 £ 0.7 15° 237.2+8.8 35+1.7 338.1+9.9 50+1.9
71 kg 175 cm 74 kg 183 cm
Stationary state Traction state Stationary state Traction state
Angle Value Ratioperbody  Value Ratio per body Angle Value  Ratio per body Value Ratio per body
(N) weight (%) (N) weight (%) (N) weight (%) (N) weight (%)
6° 111.7+26 16+0.5  181.3+34  26+0.7 6° 1088+4.6  15+09 181.3+£31 25+0.6
9° 146.0+2.8 21+0.5  2225+37  32+0.7 9°  159.7+2.7 22405 2244+34 31+0.7
12° 201.9+34  29+0.7  2783+25 4005 120 202.9+35  28+0.7 2832454  39+1.0
15° 229.3+2.8 33+0.5  341.0+24 4905 15° 260.7+3.9  36+0.7 3557+27 49+0.5
78 kg 177 cm 80 kg 179 cm
Stationary state Traction state Stationary state Traction state
Angle  Value Ratioperbody  Value Ratio per body Angle Value  Ratio per body Value Ratio per body
(N) weight (%) (N) weight (%) (N) weight (%) (N) weight (%)
6° 106.8+3.7 14+0.7  183.3+£36  24+0.7 6° 1254+3.2  16+0.6 188.2+33 24+0.6
9° 145.0+2.0 19404  2293+31  30+0.6 9° 164.6+2.3 21404 2195+28 28+05
12° 206.8+2.3 27+0.4  290.1+44  38+0.8 12° 2195+30  28+0.6 313.6+4.7 40+0.9
15° 259.7+3.7 34+0.7  366.5+3.4  48+0.7 15° 258.7+3.2  33+0.6 384.2+3.0 49+0.6

* Stationary state : A217] Ato] FAEo%)= 7

* Traction state : ZA217] Afgo] 22 d 39
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