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ABSTRACT

Objective: The aim of this study is to evaluate the accuracy and reliability of Spine-Pelvis Monitor(SPM) that was developed
to measure 3-dimensional motion of spine and pelvis using tilt sensor and gyro sensor. Background: The main cause of low
back pain is very much associated with the task using the low back and pelvis, but no measurement technique can quantify
the both spine and pelvis. Method: For testing the SPM, 125 angles from three anatomical planes were measured three
times in order to evaluate the accuracy and reliability. The accuracy of SPM in measuring dynamic motion was evaluated
using digital motion analysis system. The motion pattern captured by two measuring methods was compared with each
other. In result, the percentage error and Cronbach coefficient alpha were calculated to evaluate the accuracy and reliability.
Results: The percentage error was 0.35% in flexion-extension on sagittal plane, 0.43% in lateral bending on coronal plane,
and 0.40% in twisting on transverse plane. The Cronbach coefficient alpha was 1.00, 0.99 and 0.99 in sagittal, coronal and
transvers plane, respectively. Conclusion: The SPM showed less than 1% error for static measurement, and showed
reasonably similar pattern with the digital motion system. Application: The results of this study showed that the SPM can
be the measuring method of spine pelvis motion that enhances the kinematic analysis of low back dynamics.
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Figure 1. SPM equipment(a: SPM; b: subject wearing the SPM)
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Figure 2. Measruing angles for each motion
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Figure 3. Measuring apparatus for the accuracy and
reliability of SPM
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Figure 4. Six markers for motion capture attached to SPM

Figure 5. Subject with SPM in front of infrared light digital
camera for motion capture
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Table 1. Percent error for each motion

Flexion/Extention | Lateral bending | Twisting

Percent error 0.35% 0.43% 0.40%

21273 (reliability) 3 7F] gt W1 AE8vks e AlG
(Cronbach coefficient alpha) & YEE $hOZA AT,
A 2 Fddex SPME 33 Wk S48 W 1
ZRTE AJolo] QlFHA 9] % 37ksl3ltH Table 21. 3
d FEF 12570 (FF Dol gt a2us o AlFE A
el okF e H S 1.00, EY 2 w58 F
o A= 0.99, o] uEd Sz E 0.992 veht
- & T AHEE vk & itk

A=
o1-=

ar

Table 2. 125 Cronbach coefficient alpha for each motion

Flexion/Extention | Lateral bending | Twisting

Alpha 1.00 0.99 0.99
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Figure 6. Comparison of measured angles from SPM and
motion analysis during flexion and extension
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Figure 7. Comparison of measured angles from SPM and
motion analysis during lateral bending
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Figure 8. Comparison of measured angles from SPM and
motion analysis during twisting

4. Discussion
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5. Conclusion
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Appendix 1. Classification of angles and measured values for each motion

Flexig)n/Eg(tensoion 3 OLat%ralgbendiglg 3 Twisting
(-107,0,30,60,90) (20°,10°,0,-10,-20) (20, 10, 0, -10, -20)
No. Values(3 times) Values(3 times) Values(3 times)
ROM ROM ROM

Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd
1 -10 -9.9 9.8 -10.0 -20 -19.7 -19.9 -20.1 -20 -20.0 -20.1 -19.8
2 -10 -9.7 -9.9 -10.2 -20 -20.0 -19.8 -19.8 -10 -9.9 -10.1 9.8
3 -10 -9.9 9.9 -10.1 -20 -19.8 -19.9 -20.0 0 0.0 0.2 0.0
4 -10 -10.0 9.8 -9.9 -20 -20.4 -19.9 -20.0 10 10.1 9.8 10.1
5 -10 -10.2 -10.3 -9.9 -20 -19.9 -20.0 -19.8 20 20.0 19.8 19.9
6 -10 -9.8 -10.0 -9.7 -10 -10.2 -10.1 -10.1 -20 -20.1 -20.0 -20.2
7 -10 -9.9 -10.2 -9.9 -10 -10.0 9.9 -9.9 -10 9.8 -10.1 9.8
8 -10 -10.2 9.8 -9.8 -10 -9.9 -9.8 -10.2 0 0.0 0.2 0.0
9 -10 -10.1 -10.1 -9.8 -10 -9.8 -10.1 -9.9 10 10.1 9.8 10.1
10 -10 -9.8 -10.2 -9.9 -10 -9.8 -10.2 -10.1 20 19.9 19.8 20.0
11 -10 -9.9 9.9 -9.8 0 0.1 0.0 -0.1 -20 -20.1 -20.2 -20.0
12 -10 -9.8 -9.8 -9.7 0 0.2 0.0 0.0 -10 -10.1 -9.8 -9.9
13 -10 -10.0 -9.6 -9.9 0 -0.2 0.0 0.1 0 0.2 0.0 0.0
14 -10 -10.1 9.8 -10.2 0 0.0 0.1 -0.1 10 10.2 10.1 10.2
15 -10 -10.0 -10.2 -9.8 0 0.2 0.1 0.0 20 20.2 19.9 20.1
16 -10 -10.2 -9.9 -9.9 10 9.8 10.1 10.1 -20 -20.2 -20.0 -20.0
17 -10 -9.8 9.9 -10.0 10 10.0 10.1 10.0 -10 9.8 -10.1 9.8
18 -10 -9.8 -9.7 -10.1 10 9.9 10.1 9.9 0 0.1 0.1 0.1
19 -10 -10.0 9.9 -10.0 10 10.2 9.9 10.0 10 10.0 10.2 10.2
20 -10 -9.8 -9.8 -10.2 10 9.9 10.1 10.1 20 19.9 20.2 20.0
21 -10 -9.8 9.8 -9.8 20 20.1 20.1 20.2 -20 -20.1 -19.9 -20.0
22 -10 -9.9 -9.9 -9.7 20 19.8 20.1 19.9 -10 -10.1 -10.0 -9.9
23 -10 -9.9 9.9 -10.2 20 20.1 19.9 19.9 0 -0.1 -0.1 0.2
24 -10 -9.8 -9.8 -10.1 20 19.9 20.2 20.1 10 9.9 9.9 9.8
25 -10 -10.1 -10.1 -9.8 20 20.2 20.2 20.1 20 19.9 20.0 20.0
26 0 0.2 -0.1 0.0 -20 -20.1 -20.1 -20.0 -20 -19.9 -19.8 -20.3
27 0 0.3 -0.1 0.0 -20 -20.2 -19.9 -20.2 -10 -10.0 -10.1 -10.1
28 0 -0.1 -0.2 0.2 -20 -20.1 -20.1 -20.1 0 -0.1 0.1 -0.2
29 0 -0.2 0.1 0.1 -20 -20.2 -20.0 -20.1 10 10.0 9.8 10.2
30 0 0.0 0.0 0.0 -20 -20.1 -20.1 -20.0 20 19.9 20.0 20.1
125 90 89.8 89.8 89.7 20 19.9 19.9 19.9 20 19.9 20.1 20.0

ROM: range of motion
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