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Objective: The purpose of this research was to investigate the age-related changes in whole-body motor
variability during sit-to-stand (STS) task. It has been reported that children perform motor tasks less accurately
with greater variability as compared to adults. However, it is still unknown how they utilize the abundant
degrees of freedom and accomplish voluntary actions. Uncontrolled manifold (UCM) analysis has been used

to partition motor variabilities into two independent variability components, task-relevant variability (Vogr)
and task-irrelevant variability (Vycp). We investigated what differences exist between children and adults
with respect to these two motor variability components in relation to motor development stages.

Method: Ten 6-year-old children (height: 116.2 + 4.3 cm, weight: 23.1 + 3.9 kg, motor development assessment
percentile score: 77.5 +18.6%), ten 10-year-old children (height: 138.7 +7.2 cm, weight: 35.8 + 10.3 kg, motor
development assessment percentile score: 73.9 +12.7%), and ten young adults (age: 23 + 1.6 year-old, height:
164.3 +11.4 cm, weight: 60.8 + 12.0 kg) participated in this study. Each participant performed STS ten times,
and a motion capture system was used to capture the whole-body kinematics. Each segment centers of
mass and the whole-body center of mass were calculated, and UCM analysis was used to quantify motor
variabilities, Vorr and V. One-way ANOVA was used for statistical analysis.
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Results: We found that children produced more motor variabilities in Vygr and Ve in all three dimensions,
anterior-posterior, medial-lateral, and vertical. As age increased, both, Vprr and Vi ¢y significantly decreased

Conclusion: The greater Vjgr found in children compared to adults indicates that the repeatability over
repetitions improves through development, while the greater V¢ found in children suggests that children
better utilize the abundant degrees of freedom during STS compared to adults.
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Table 1. Anatomical position for markers

Marker label Anatomical position Marker label Anatomical position
VERT Vertex (top of head) LASIS Left anterior superior iliac spine
Cc7 Seventh cervical vertebrae RASIS Right anterior superior iliac spine
NOTCH Sternal notch LPSIS Left posterior superior iliac spine
LSHO Left acromion RPSIS Right posterior superior iliac spine
LELBL Left elbow lateral LKNEL Left tibia lateral condyle
LELBM Left elbow medial LKNEM Left tibia medial condyle
LUPA Left upper arm LTIB Left tibia
LWRR Left wrist radial LANKL Left ankle lateral malleolus
LWRU Left wrist ulnar LANKM Left ankle medial malleolus
LKNU Left 3 knuckle LHEE Left posterior point of the heel
RSHO Right acromion RKNEL Right tibia lateral condyle
RELBL Right elbow lateral RKNEM Right tibia medial condyle
RELBM Right elbow medial RTIB Right tibia
RUPA Right upper arm RANKL Right ankle lateral malleolus
RWRR Right wrist radial RANKM Right ankle medial malleolus
RWRU Right wrist ulnar RHEE Right posterior point of the heel
RKNU Right 3 knuckle LTOE / RTOE Left / Right tip of the big toe
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Table 2. Inertia property for children and adult

KJSB

Endpoint Mass (% mass) Center of mass (% length)

>egment Proximal Distal 6 yrs 10 yrs F:(rjr:Ja;Le gflﬂﬁ 6 yrs 10 yrs F:(rjr:Ja;Le gflﬂﬁ
Head VERT c7 18.2 10.1 6.68 6.94 48.80 48.80 58.94 59.76
Trunk c7 MIDH 430 41.70 42.57 4346 55.80 55.80 41.51 4486
Upper arm SJC EJC 240 3.20 2.55 2.71 4240 4240 57.54 57.72
Forearm EJC WIJC 1.30 1.70 1.38 1.62 4330 4330 45.59 4574
Hand WIJC MET3 0.80 0.90 0.56 0.61 37.90 37.90 7474 79.00
Thigh HJC KJC 8.50 11.00 14.87 14.16 49.10 49.10 36.12 40.95
Shank KJC AJC 4.60 5.30 4.81 433 43.70 43.70 44.16 44.59
Foot Heel TTIP 1.90 2.10 1.29 1.37 41.60 41.60 40.14 4415

Note. MIDH, SJC, EJC, and WJC mean hip center, shoulder joint center, elbow joint center, and wrist joint center, respectively. MET3 was defined

hand based on markers RKNU and LKNU for left and right hands
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Figure 2. Vygr in anterior-posterior, medial-lateral, and vertical dimensions among 6-year-old, 10-year-old, and adult. Asterisk indicates a statistical

difference between groups.
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Figure 3. Vy¢y in anterior-posterior, medial-lateral, and vertical dimensions among 6-year-old, 10-year-old, and adult. Asterisk indicates a statistical

difference between groups.

Table 3. Result of AV

6 yrs-old 10 yrs-old Young adult
Dimension F
M SD M SD M SD
Anterior-posterior -0.00145 0.00019 -0.00081 0.00020 -0.00048 0.00013 83.487"
Medial-lateral -0.00121 0.00026 -0.00071 0.00010 -0.00033 0.00013 64.407"
Vertical -0.00126 0.00008 -0.00073 0.00005 -0.00032 0.00003 822344
Note. significant at “p <.001
M 6M|, 10M, 2 =22 HIH L2 RSt HASHALE M= [R2, 27)=83487, p < .001], 2% WS M= [A2, 27)=64407,
p < .001], =5 LHME [R2 27)=822344, p < 001122 2= &
3. 28 3&%E&: Motor synergy (AV) oM ETHZE Qo3 X1O|7F AL QI CHTable 3). At2HE At B =
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