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INTRODUCTION & AIM C

Quantitative assessment of hand and finger kinematics is essential
for diagnosis, treatment planning, and monitoring rehabilitation
outcomes but conventional tools, including manual goniometry
and observational scales, are labour-intensive,
examiner-dependent, and limited in their ability to capture
complex, dynamic three-dimensional (3D) motion of individual
digits. There is therefore a clear need for an objective, affordable,
and easy-to-use system capable of providing detailed, repeatable
3D kinematic data during functional hand movements.

METHOD

The HandCube is a markerless system using a four normal
webcam setup for multi-view to reconstruct 3D hand. During
evaluation, a patient is required to perform different gestures
within the cube (eg. hand open, fist, oppositions and pinches).
Based on computer vision and machine learning algorithm,
prominent joint landmarks in 3D space are automatically output
as kinematic report as well as interdigital web space range.

To verify the system's reliability, a calibrated robotic hand
(OHand, OYMotion) was used in this study to perform the series
of hand motion, the actual angles of joints (measured by
goniometer) had been matched and compared to angles
provided by hand cube system. The HandCube recorded each
gesture five times while the robotic hand was rotated through
360 degrees to simulate different orientations.
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RESULTS & DISCUSSION

The system demonstrated strong agreement with researchers
using a goniometer. The mean absolute error for joint angles was
9.6°, which is less than 10°. The system also provides 0.951 in
average Intraclass Correlation Coefficient (ICC) among all
movable finger joints of the robotic hand, which showed excellent
test-retest across repeated measurements.

System Accuracy and Reliability

@)

Mean Absolute
Error for Joint <

Angles Average
Error is less than 10°. Intraclass
Correlation
0.951 @ — Coefficient (ICC)

Excellent test-retest
across repeated
measurements.

CONCLUSION

The HandCube represents a significant advancement in
rehabilitative assessment technology addressing the limitations of
subjective manual methods. This innovation has the potential to
standardize hand assessment, enable manageable progress
tracking, and support data-driven clinical decision-making.
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