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Trunk balance is essential for physical stability, but traditional assessment tools, such as force plates and 3D motion
capture systems, can be inaccessible or unsafe for patients unable to stand. This study introduces a seated trunk balance
training and assessment system that combines a tilting chair with an Inertial Measurement Unit (IMU). The system features
a kinematic design that transmits the user's trunk movements to the chair's seat, allowing for quantitative measurement
without the need for body-mounted sensors. A pilot study was conducted to evaluate technical feasibility by comparing a
seat-mounted sensor (CS-IMU) with a reference sensor (T12-IMU) attached to the T12 vertebra. Assessment items
included Range of Motion (RoM), rotation accuracy, and agility. Results indicated a very high correlation for lateral bending
(r = 0.958) and rotation phase angle (r = 0.990), while flexion/extension showed a moderate correlation (r = 0.691).
Additionally, agility tasks demonstrated consistent results in the lateral direction (r = 0.806). These findings suggest that the
proposed system can effectively quantify multi-dimensional trunk movements in a seated position, making it a valuable tool
for high-risk populations, such as patients recovering from acute stroke or spinal cord injuries.
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Fig. 1 Concept of trunk balance assessment system
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Fig. 3 Final product of IMU sensor module

Table 1 Trunk balance tests

Assessment

. Description
item P

left and right (lateral flexion), forward (flexion), backward

Range (extension), (Measure the maximum tilt angle)
Rotation clockwise/counFer—clockYVise circular trajecfcory tracking
(Calculation of trajectory overlap ratio (%))
4 quadrants x 3 locations each = a total of 12 target
Agility coordinates presented randomly and sequentially

at 3-second intervals.
(Output time to reach and number of successes)
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accuracy, and (c) Trunk motion speed
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Fig. 5 Raw sensor data of CS-IMU for range task (top: two-
dimension trajectory, bottom: the sample-wise variation in
resultant angular displacement)
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Fig. 6 Raw sensor data of CS-IMU for rotation task (top: two-
dimension trajectory, bottom: the sample-wise variation in
resultant angular displacement)
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Fig. 8 Correlation between two sensors during lateral bending

r=0.691

ROM CS-IMU_x vs T12-IMU

== (CS-IMU x (scaled)
= T12-IMU

30

20 -

10 1

Angle (deg)
o

-30 -

0 10 20 30 40 50
Time (s)

Fig. 9 Correlation between two sensors during flexion/extension
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