


Supplementary Material 1 
METHODS
1. Back Height Difference (BHD) Data Collection, Processing, and Calibration
(1) Participant preparation: Participants removed their shirts to expose their backs and stood with their feet together. They bent forward at the waist until their spine was parallel to the ground, with their arms hanging freely, and then performed the Adams forward-bend test.
(2) Sensor placement: The Kinect sensor was positioned at a height of 1.5 m behind the participant to ensure the entire back was within the field of view.
(3) Data acquisition: Participants were asked to maintain a forward-bending posture while the Kinect sensor captured detailed three-dimensional point-cloud data of the back surface.
The following steps were implemented to account for minor movements or deviations during scanning:
(1) Alignment: Dorsal surface points were aligned with a reference coordinate system based on anatomical landmarks (e.g., the C7 vertebra and posterior superior iliac spine).
(2) Noise reduction: Filters and smoothing algorithms were applied to reduce outliers and random noise in the point-cloud data.
[bookmark: _Hlk202265989](3) Surface reconstruction: Customized MATLAB software (Version R2021a, MathWorks Inc., Natick, MA, USA) was used for data processing, and surface reconstruction algorithms were used to isolate the region of interest, focusing on areas of maximum deformity. Detailed procedure:
First, a clustering algorithm is applied to segment the subject’s body region from the original point cloud data. Subsequently, the region of interest (ROI) on the back is extracted by computing the transverse width of the back across successive slices along its longitudinal axis and identifying key local minima as anatomical boundary points, as illustrated in Fig.1 (a).


Next, within the extracted ROI, line-by-line scanning is performed along the midline of the back at a fixed step size. At each scanning position, the vertical height difference between anatomically corresponding points on the left and right sides (i.e., convex and concave regions) is computed, as shown in Fig.1 (b). This process yields two quantitative sequences: (1) Point height difference (), derived from the median vertical difference between 10 anatomically matched points near the midline, reflecting local surface asymmetry; (2) Group point height difference (), derived from the median vertical difference between the top 25% of matched points near the midline, capturing broader surface asymmetry. These features reflect the posterior surface curvature and deformation, and are mathematically expressed as: 

		

		




where  and ​ denote the vertical coordinates of the i-th sorted point on the left and right sides, respectively, and  and  are the total number of valid points on the left and right sides.
Finally, the maximum values from the point height difference and group point height difference sequences are extracted as representative features. As shown in Fig. 1(c), the visualization from the posterior view of the subject clearly reveals right-sided convexity and left-sided concavity of the back. In this case, the extracted point and group point height differences are 7.9 mm and 8.8 mm, respectively.
[image: ]
Fig.1 Flowchart of BHD computation process. (a) Visualization of the back ROI segmentation, (b) Height difference calculation along the spinal midline between convex and concave sides of the back, (c) Visualization of height difference features from a posterior view of the subject undergoing Adams FBT (blue circles indicate point height difference, and orange circles indicate group point height difference).
(4) Calibration: The Kinect system was calibrated using a standard calibration procedure before each scanning session to account for sensor drift and environmental factors.

2. ATR Measurement Procedure
(1) Participant positioning: Participants were positioned in a well-lit area, standing upright with their feet together and knees straight.
(2) Forward bend: Participants were instructed to slowly bend forward until their spine was parallel to the floor, with their arms hanging freely to prevent shoulder distraction.
(3) Measurement: The examiner, positioned at eye level with the spinal segment being assessed, placed the scoliometer across the back at different spinal levels (thoracic, thoracolumbar, and lumbar regions). Next, the maximum ATR value and its location were recorded in degrees.

3. Cobb Angle Measurement Procedure
(1) Participant positioning: Participants stood upright, facing away from the X-ray source, with their backs against the imaging plate. Their feet were shoulder-width apart, and their arms relaxed at their sides to minimize superimposition over the spine.
(2) Image acquisition: Experienced radiology staff, each with >5 years of professional experience, performed imaging to ensure optimal image quality.
(3) Quality assurance: After exposure, the radiology team reviewed the images to ensure that all spinal components were visible and suitable for accurate assessment.
(4) Cobb angle measurement: The Cobb angle was measured on coronal radiographs using standard methods. Two independent medical professionals, each with at least 5 years of spinal imaging experience, identified the end vertebrae of the major curves and measured the angles using standardized digital tools (GE Medical Systems SCS283 rue de la Minière 78530 BUC, France). For discrepancies ≥5°, a third senior surgeon reviewed the images, and a consensus was reached. The average measurement values were used for analysis.

4. Data Integrity and Reliability
Several measures were implemented to ensure the reliability and validity of data.
(1) Calibrating the Kinect system: Before each measurement, the Kinect v2 depth-sensing system was calibrated using the Microsoft Kinect Calibration Toolkit (Microsoft Corp., Armonk, NY, USA). This process included aligning the depth sensor with a standardized calibration grid to correct spatial distortions and ensure accurate depth measurements.
(2) Scoliometer: The scoliometer was calibrated daily using a precision angle gauge to verify accuracy, ensuring that the device provided consistent measurements. 

5. Personnel Training
All clinicians and therapists underwent a standardized training program before the study. The training included instructions on properly using the Kinect system and scoliometer; demonstrations of standardized measurement techniques for the Cobb angle, angle of trunk rotation, and BHD; and practical evaluations to assess measurement techniques.
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