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Supplementary material 1. ANCOVA assumption diagnostics
Analysis of covariance (ANCOVA) was used to address the significant baseline ΔE imbalance between groups. The parametric assumptions of ANCOVA apply to the model residuals, not to the raw outcome distribution. All assumptions were verified prior to inference (Supplementary Table 1).
Supplementary Table 1. ANCOVA assumption diagnostics.
	Assumption
	Test
	Test statistic
	Result

	Normality of standardized residuals
	Shapiro-Wilk
	W = 0.987, p = 0.183
	Met

	No outliers
	Standardized residuals
	No |z| > 2.5
	Met

	Linearity (covariate × dependent variable)
	Q–Q plot inspection
	Near-linear
	Met

	Homogeneity of regression slopes
	Group × baseline interaction
	F(2,194) = 0.953, p = 0.388
	Met

	Homogeneity of variances
	Levene test
	F(2,197) = 1.215, p = 0.300
	Met


ΔE, color difference; Q–Q, quantile–quantile plot.


Supplementary material 2. Rank-based (Quade) ANCOVA sensitivity analysis
As a non-parametric sensitivity check on the parametric ANCOVA, a Quade rank-based ANCOVA was performed on the change-score outcome, ranked across all groups, with baseline ΔE also rank-transformed (Supplementary Table 2).
Supplementary Table 2. Quade rank-based ANCOVA.
	Effect
	df
	F
	p value
	Conclusion

	Baseline ΔE (rank-transformed)
	1, 196
	28.41
	<0.001
	Significant covariate

	Treatment group (overall)
	2, 196
	2.39
	0.094
	Not significant


The rank-based sensitivity ANCOVA (p = 0.094) is qualitatively consistent with the parametric ANCOVA (p = 0.086). The conclusion of statistical equivalence between groups for color change, after adjustment for baseline severity, is robust to the choice of parametric versus rank-based analysis. ΔE, color difference; df, degrees of freedom.


Supplementary material 3. Linear mixed-effects model—within-patient clustering
To account for within-patient clustering of the two teeth per child (FDI 11 and 21), a linear mixed-effects model was fitted to each outcome, with patient as a random intercept and treatment group, time and baseline value as fixed effects, estimated by restricted maximum likelihood. Model specification: Outcome ~ Group + Time + Baseline + (1 | Patient).
Supplementary Table 3. Intraclass correlation coefficient (ICC) for patient.
	Outcome
	ICC (patient)
	Interpretation

	ΔE (CIELAB)
	0.18
	Modest clustering; mostly explained by within-patient consistency in lesion morphology

	ICDAS II
	0.21
	Modest clustering; reflects shared oral environment

	DIAGNOdent
	0.27
	Modest-to-moderate clustering; consistent with paired contralateral teeth


ΔE, color difference; CIELAB, CIE L*a*b* color space; ICDAS, International Caries Detection and Assessment System; ICC, intraclass correlation coefficient.


Supplementary Table 4. Fixed-effect estimates—overall group effect.
	Outcome
	LMM group effect
	p value
	Per-tooth analysis comparison

	ΔE change
	F(2,103) = 2.41
	0.094
	Consistent with per-tooth ANCOVA (p = 0.086)

	ICDAS II, 6-month
	F(2,103) = 6.18
	0.003
	Consistent with per-tooth Kruskal-Wallis (p = 0.001)

	DIAGNOdent, 6-month
	F(2,103) = 22.84
	<0.001
	Consistent with per-tooth Kruskal-Wallis (p < 0.001)


Fixed-effect inferences from the linear mixed-effects model accounting for within-patient clustering are qualitatively identical to the per-tooth analyses reported in the main manuscript. The conclusions are robust to clustering. LMM, linear mixed-effects model; ΔE, color difference; ICDAS, International Caries Detection and Assessment System; ANCOVA, analysis of covariance.


Supplementary material 4. Photographic acquisition and CIELAB analysis—detailed protocol
Photographs were captured with a Canon EOS 1100D digital single-lens reflex camera fitted with a Canon EF 100 mm f/2.8 macro lens at 1:1 magnification and a TT 560 ring flash with softbox diffuser (Canon, Tokyo, Japan).
Lighting and white balance. All photographs were taken in the same dental surgery under controlled ambient lighting (overhead dental light off; room lighting fixed at approximately 500 lux). A custom white-balance card (ColorChecker White Balance; X-Rite, Grand Rapids, MI, USA) was photographed at the start of every session and used to set a custom in-camera white-balance preset. A polarizing filter on the ring flash suppressed specular highlights.
Camera settings (identical for all visits). Mode: manual. Aperture: f/20. Shutter speed: 1/125 s. ISO: 100. Focus: manual at 1:1 magnification. A fixed lip-retractor and a camera-to-tooth distance jig standardized framing across visits.
Image processing pipeline. RAW files were processed with the custom white-balance profile in Lightroom Classic (Adobe, San Jose, CA, USA) and exported as uncompressed TIFF. The CIELAB L*, a*, b* coordinates were measured on the WSL region of interest and on an adjacent sound region of the same tooth (intra-tooth reference) using the color-picker tool, averaging a 25 × 25 pixel sampling window.
ΔE calculation. ΔE = [(ΔL*)² + (Δa*)² + (Δb*)²]½, where ΔL*, Δa* and Δb* are the coordinate differences between the WSL region of interest and the sound-enamel reference on the same tooth.

Supplementary material 5. Inter-examiner reliability
Prior to the trial, all assessors and investigators participated in a structured calibration session using 20 representative clinical cases not included in the study (Supplementary Table 5).
Supplementary Table 5. Inter-examiner reliability.
	Outcome
	Statistic
	Value
	95% CI

	ICDAS II
	Weighted Cohen kappa
	0.87
	0.81 to 0.93

	DIAGNOdent
	Intraclass correlation coefficient
	0.94
	0.91 to 0.97

	ΔE (CIELAB)
	Single photographer
	—
	—


CI, confidence interval; ICDAS, International Caries Detection and Assessment System; ΔE, color difference; CIELAB, CIE L*a*b* color space.
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