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Figure 4. (a) LT/UT, (b) LB/LT, and (c) pelvis/LB segments angular displacement diagram in the
sagittal plane, and the results of the coupling angle frequency during stand-to-sit.
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3.3. Coordination Pattern Variability
3.3.1. Sit-to-Stand

The results of an independent t-test showed that the CV in LB/LT and pelvis/LB
couples is more in the low back pain group in comparison to the healthy group at 80% of the
sit-to-stand cycle when the person is close to standing upright (Figure 5b,c). Additionally,
the CV in the pelvis/LB couple is more in the LBP group in the middle of the sit-to-stand
cycle (Figure 5c).

Appl. Sci. 2022, 12, x FOR PEER REVIEW 10 of 16 
 

 

Figure 5. (a) LT/UT, (b) LB/LT, and (c) pelvis/LB coordination variability (CV) in the sagittal plane, 

and the results of an independent t-test using the SPM method during sit-to-stand, left side is the 

mean and standard diviation of CV and right side is the results of SPM analysis. Red dotted line in 

the SPM results in the critical threshold (t value). 

3.3.2. Stand-to-sit 

The results of the statistical parametric mapping (SPM) independent t-test for coor-

dination variability of all couples on the sagittal plane showed that the CV is not different 

between healthy and low back pain groups during the stand-to-sit cycle (Figure 6). 

Figure 5. (a) LT/UT, (b) LB/LT, and (c) pelvis/LB coordination variability (CV) in the sagittal plane,
and the results of an independent t-test using the SPM method during sit-to-stand, left side is the
mean and standard diviation of CV and right side is the results of SPM analysis. Red dotted line in
the SPM results in the critical threshold (t value).
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3.3.2. Stand-to-Sit

The results of the statistical parametric mapping (SPM) independent t-test for coordi-
nation variability of all couples on the sagittal plane showed that the CV is not different
between healthy and low back pain groups during the stand-to-sit cycle (Figure 6).
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Figure 6. (a) LT/UT, (b) LB/LT, and (c) Pelvis/LB coordination variability (CV) in the sagittal plane, 

and the results of an independent t-test using the SPM method during stand-to-sit, left side is the 

mean and standard diviation of CV and right side is the results of SPM analysis. Red dotted line in 

the SPM results in the critical threshold (t value). 

4. Discussion 

This study aimed to quantify spine–pelvis coordination pattern and its variability 

during sit-to-stand and stand-to-sit task among people with and without low back pain. 

We hypothesized that low back pain can alter the spine–pelvis coordination pattern and 

its variability. The results of the current study, considering those from previous studies, 

indicate that, while ROM data may not be different between groups, other kinematics pa-

rameters such as coordination and coordination variability may differ between LBP and 

healthy people, which warrants further investigation.  

Figure 6. (a) LT/UT, (b) LB/LT, and (c) Pelvis/LB coordination variability (CV) in the sagittal plane,
and the results of an independent t-test using the SPM method during stand-to-sit, left side is the
mean and standard diviation of CV and right side is the results of SPM analysis. Red dotted line in
the SPM results in the critical threshold (t value).

4. Discussion

This study aimed to quantify spine–pelvis coordination pattern and its variability
during sit-to-stand and stand-to-sit task among people with and without low back pain.
We hypothesized that low back pain can alter the spine–pelvis coordination pattern and
its variability. The results of the current study, considering those from previous studies,


