Supplementary Methods and Tables
Supplementary Methods S1. Clinical-radiological reference classification
The target condition in this study was clinically suspected symptomatic lower cervical instability. The study group was classified using a prespecified 3+1 clinical-radiological reference framework, consisting of three required conditions and at least one supportive condition.
The three required conditions were as follows. First, the symptom criterion required persistent or recurrent neck and shoulder pain for at least 3 months related to neck motion, postural change, or loading, with or without radiating pain, numbness, weakness, or other upper-extremity neurological symptoms. Second, the degenerative imaging criterion required definite degenerative changes at the clinically suspected segment on MRI or CT together with at least two of the following findings: moderate-to-severe disc degeneration, moderate-to-severe facet degeneration, disc-space narrowing or reduced disc-space height, canal or foraminal stenosis, endplate degeneration, osteophyte formation, or other definite degenerative findings. Third, the exclusion criterion required exclusion of acute trauma, infection, tumor, congenital deformity, and other major nondegenerative causes that could explain the current symptoms.
At least one supportive condition also had to be present: physical signs related to the responsible segment, such as restricted cervical motion, paraspinal tenderness, a positive Spurling test, or corresponding segmental neurological findings; anatomical concordance between clinical symptoms and the responsible segment suggested by MRI; or marked symptom relief after short-term cervical collar immobilization or standardized conservative treatment, suggesting a mechanical component.
Because this reference classification included degenerative imaging evidence, ROC results for Pfirrmann grade, Weishaupt grade, and disc-space-height-related variables should be interpreted as sensitivity or exploratory analyses rather than as fully independent competing reference-standard tests.
Supplementary Methods S2. Reliability and measurement-error analysis
Interobserver reliability was assessed using a two-way random-effects model with absolute agreement for single measurements [ICC(2,1)]. Bland-Altman analysis was used to evaluate systematic bias and absolute agreement between the two observers. The mean difference between observers was used to assess systematic bias. The 95% limits of agreement were calculated as the mean difference ±1.96×SD of the between-observer differences. The standard error of measurement was calculated as the SD of the between-observer differences divided by √2. The minimal detectable change at the 95% confidence level was calculated as 1.96×SD of the between-observer differences.
Supplementary Methods S3. Additional statistical details
Continuous variables were first assessed for distribution. Normally distributed continuous variables were expressed as mean±standard deviation and compared using the independent-samples t test. Non-normally distributed variables were expressed as median and interquartile range and compared using the Mann-Whitney U test. Categorical variables were expressed as frequency and percentage and compared using the chi-square test or Fisher’s exact test, as appropriate.
Point-biserial correlation analysis was used to assess the association between TCDR and lower cervical instability status. Spearman rank correlation analysis was used to evaluate the relationships of TCDR with Pfirrmann and Weishaupt grades. Statistical analyses were performed using SPSS 24.0 and Python 3.9.

Supplementary Table S1. Definitions of radiographic and imaging parameters
	Parameter
	Definition
	Imaging modality/view

	Mid-sagittal vertebral body diameter
	Mean of the anterior-posterior diameters of the upper and lower vertebral bodies at the measured segment
	Neutral lateral radiograph

	Vertebral body height
	Mean height of the upper and lower vertebral bodies at the measured segment
	Neutral lateral radiograph

	Intervertebral angulation
	Change in segmental angle between flexion and extension radiographs
	Flexion-extension lateral radiographs

	Intervertebral sagittal translation
	Difference in relative anteroposterior displacement between adjacent posterior vertebral body margins on flexion and extension radiographs
	Flexion-extension lateral radiographs

	Disc-space height at the affected segment
	Central height of the target disc space
	Neutral lateral radiograph

	Normal disc-space height
	Mean height of the adjacent upper and lower disc spaces
	Neutral lateral radiograph

	Radiographic sagittal canal diameter
	Average of the shortest distances from the midpoint of the posterior border of the upper and lower vertebral bodies at the measured segment to the corresponding lamina-spinous process junction
	Neutral lateral radiograph

	TCDR
	Intervertebral sagittal translation divided by radiographic sagittal canal diameter
	Derived parameter

	Disc-space height/normal disc-space height
	Disc-space height at the affected segment divided by normal disc-space height
	Derived parameter

	Intervertebral sagittal translation/normal disc-space height
	Intervertebral sagittal translation divided by normal disc-space height
	Derived parameter

	Intervertebral angulation/radiographic sagittal canal diameter
	Intervertebral angulation divided by radiographic sagittal canal diameter
	Derived parameter

	Mid-sagittal vertebral body diameter/radiographic sagittal canal diameter
	Mid-sagittal vertebral body diameter divided by radiographic sagittal canal diameter
	Derived parameter

	Pfirrmann grade
	Disc degeneration grade assessed on MRI
	MRI

	Weishaupt grade
	Facet degeneration grade assessed on CT
	CT



